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(54) Title: VAPOUR DEPOSITION PROCESS AND DEVICE

. (57) Abstract: A vapour deposition process and a device for applying a de-

G2

posit on a foil substrate (4) by chemical vapour deposition wherein a flow
of precursor gases in a reaction chamber (12) is guided over the substrate,
and wherein the reaction chamber is formed by a gap (12) between a
curved surface (5) supporting the substrate (4), and a guiding surface (9),
wherein the gas flows through the gap (12) from a slit shaped precursor gas
inlet (10) to a slit shaped outlet (11), the inlet and the outlet having a width
corresponding to the width of the reaction, chamber.
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Vapour deposition process and device

The present invention relates to a vapour deposition process,

in particular for the manufacture of foil or web material

by

provided with a deposited film, such as a photovoltaic foil.

I

Avi

Chemical Vapour Deposition (CVD) involves the chemical

o

reactions of gaseous reactants on or near a substrate,
typically in a reaction chamber. Generally, gaseous
precursors are supplied into a reaction chamber to undergo
gas phase reactions forming intermediate species. At a high
10 temperature above the decomposition temperatures of
intermediate species inside the reactor, homogensous gas
phase reaction can occur where the intermediate species
undergo subsequent decomposition and/or chemical reaction to

form a dense layer and volatile by-products in the gas phase.

[y
(3]

The volatile by-products are discharged from the reaction
chamber. At temperatures below the disscciation of the
intermediate phase, diffusion cr convection of the
intermediate species can occur across the boundary layer,
which is a thin layer close to the substrate. The gaseous
20 precursors form intermediate species which are adsorbed onto
the substrate. The adsorbed intermediate species diffuse
along the surface before they finally react, and the deposit
constituents are bulilt into the structure forming the
deposit. Gaseous by-products and unreacted gaseous precursor
25 are rémoved from the boundary laver through diffusicn or

convection and extracted from the reaction chamber.

A wide variety of CVD processes exist. These CVD processes
can differ in the applied pressure conditions. A distinction
30 is made between atmospheric pressure CVD (APCVD) on the one

hand and low-pressure CVYD (LPCVD) on the other.
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In the field of semi-conductors and photovoltaic devices, CVD
is typically used to apply thin films of metal oxides,
gilicon oxides, metals, flueorides, nitrides, siliceon

nitrides, ouynitrides, semiconducting materials, such as

silicon and/or germanium, compound semiconductors or mixtures

WO 98/13882 discloses a process for the manufacture of
photoveltaic foils, e.g., by using a roll-to-roll process.
One or more of the layers can be applied by using a CVI
process, such as a transparent silica layer, a diffusion
barrier layer, and/or a transparent conductive oxide layer,
e.g., of indium tin oxide, cadmium sulfide or oxide, tin
oxide (e.g., fluorine doped) or zinc oxide, which can for

example be aluminum doped or boron doped.

-
041

198,167 discloses a roll-tce-roll process for the
ti

oduc of metal coated decorative paper. A paper

U* o]
_g

substrate is lead through an annular chamber between a

cylindrical drum and an cuter jacket. A flow of metal bearing

5‘?'

gas flows over the paper substrate via a metal plating zone.
The gas is supplied at three different points, resulting in a
non~homogenous gas flow and uneven layer thickness of the

deposited material on the substrate.

The object of the present invention is to come to a
deposition process and a corresponding device allowing the

formation of more even laver thicknesses and stable

boundaries.

The obiject of the invention is achieved with a vapour
deposition process for applying a deposit on a foll substrate
by chemical vapour deposition wherein a flow of precursor

gases in a reaction chambper is guided over the substrate, and
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wherein the reaction chamber is formed by a gap between a
curved surface supporting the substrate, and a guiding
surface, wherein the gas flows through the gap from a slit
shaped precursor gas inlet to a slit shaped outlet, the inlet

T

and the cutlet having a width corresponding to the width of

O

the reaction chamber. It has been found that this enables
optimization of laminar flow substantially improving
deposition stability. A very stable, laminar gas flow can be
obtained resulting in a very constant thickness of the

10 deposit layer and stable boundaries. In this context, the
slits and the gap are considered to be of a corresponding
width if any variation in width is too small tec contribute to
a flow disturbance that might negatively affect the

uniformity of the layer thickness of the depcsited layer to a

i5 noticeable extent.

The curved surface can, €.g., be the surface of a stationary
cylindrical drum or a rotatable drum or roller.

20 Passing the outlet, the discharged gas can be guided away
from the substrate, e.g. via an exhaust, to prevent that
residual precursor gas will continue to be deposited on the
substrate after passing the reaction chamber, in an
uncontrolled manner.

25

The guiding surface can, e.g., be congruent with the opposite
section of the curved surface. This way, a well defined gap
can be obtained having a uniform width at least in the radial
direction relative to the curved surface. QOptionally, the

30  width of the gap is also unifeorm in axial direction. In this
context, the width is considered to be uniform if any
variations in width are teco small to disturb the laminar flow
of the gas in such way that the uniformity in thickness of

the deposited layver is affected to a noticeable extent.
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The inlet can for example be defined by an edge of the
guiding surface and a rib or strip located between the

guiding surface and the curved surface. This way, the gas

flow coming from the supply is deflected passing the inlet

slit dinto a flow direction parallel to the guiding surface.
This enables further optimization of laminar gas flow. The
rib can form an integral part of the wall of the supply
channel. The ocutlet slit can be defined in a similar

arrangement.

o

The gap can be shielded by side walls and/or end walls to
reduce the risk of unintentional ocutflow cof precurscr gases
or volatile by-products. This risk can be further reduced by

drawing ambient air into the reaction chamber, so that the

\Q

exhaust flow will be larger than the supply flow of precursor
gases. The distance between the curved surface and the

congruent guiding surface can be adjusted to the desired

through-flow and residence time of the precursor gases.
Optionally, the gap can widen or narrow down in flow
direction of the precursor gases, e.¢., gradually with about

10 % or less.

In a specific embodiment, the precursor gases can be guided
to flow in tangential direction relative to the curved
surface. To that end, the reacticen chamber can for example
comprise at two opposite ends of the guiding plate a
precursor gas inlet and a gas flow outlet, respectively, the
outlet and the inlet forming slits which are substantially

parallel to the cylindrical axis of the curved surface.

Good deposit films are obtained i1f the foll is transported in
a direction opposite to the flow direction of the precursor

gases. Alternatively, the substrate can be transported into
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the same direction as the flow direction of the precursor

gases 1n the reaction chamber.

Tc catalyze the reaction between the precursor gases, the
foil can be heated, e.g., by one or more heating elements in

the interior of the curved surface.

If sc desired, the device according to the invention can
comprise a series of two or more reaction chambers, e.g., in
serial or parallel arrangement, facing different sections of
the same curved surface. The reaction chambers can for
instance be used for depositing different layers or different

deposition materials.

In a specific embodiment, the reaction chambers can span less

ess than 8 % of the

[

than 20 %, e.qg., less than 12 %, e.g.,

circumference of the curved surface.

The CVD device according to the present invention can have
one or more of the reaction chambers which are positioned
with their open end making an angle with the horizontal. The
ngle can for example range between ~60 to 60 degrees, more
particularly between -45 to 45 degrees, e.g., between -30 to

30 degreas.

The invention is further explained with reference to the

drawings, wherein:

Figure 1: shows schematically a cross section of a
device according to the inventiocn;
Figure 2: shows 1in c¢ross section a reaction chamber of

the device of Figure 1.

igure 1 shows in cross section a device 1 for applyving a

¢l

-

T3

deposition £ilm on a foil substrate by chemical vapour
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deposition, in particular by an APCVD process. The device 1
comprises three deposition units having an open end 3
directed to a foil substrate 4. The foil 4 is wound around a

cylindrical

o]

rotating drum or turner roller 5 formed by

5 mantle 6 of a heat conductive material, such as a corresion
resistant steel. In the interior of the drum 5, five
stationary heaters 7 are arranged to heat the mantle 6. In
other embodiments, the number of heaters can be less or
higher, if so desired. A large number, e.qg., 200 or more, of

10 amaller heater elements can for example be used to achieve

uniform heat distribution.

The deposition units 2 are positioned with their open end 3

making an angle with the horizontal. Where the middle unit is
15 under a right angle with the horizontal, the other two are

under an angle of +45 and - 45 degrees with the horizontal,

respectively.

Figure 2 shows more detall of a deposition unit 2 in cross
20 section. The drum 5 rotates in the direction indicated by

arrow A. The deposition unit 2 is provided with a gquiding

member 8§ with a guiding surface ¢ congruent to the opposite

surface section of the drum 5. At one end of the guiding

O

surface 9 the deposition unit 2 comprises a slit shaped inlet
25 10 for the supply of a precursor gas via a supply channel 17.
The supply channel 17 is defined by one side of the guiding

merber 8 and a wall 18 which is parallel to the side of the

]

guiding member 8. At the opposite end the deposition unit Z

comprises an outlet 11, which is also slit shaped and which
30 is parallel to the inlet 10. The outlet 11 leads to an

exhaust 19 leading the gas flow away from the substrate 4 and
the curved surface 5. The exhaust 19 is defined by one side
of the guiding member B and a wall 20 which is parallel to

the side of the guiding member 8. The inlet 10 and the outlet

35 11 form slits parallel to the axis of the drum 5. Between the
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guiding surface 9 and the foil substrate 4 is a gap 12
forming a reaction chamber for the APCVD process. The gap 12
is confined by side walls 13, a first end wall 14 close to

the inlet 10, and a second end wall 15 close to the outlet

(92

11,

In the embodiment shown, the wall 18 and the first end wall
14 form a single plate carrying an inwardly extending rib 21
defining the inlet slit 10 in cooperation with an adjacent

10 edge of the guiding surface 9. This way, gas flowing from the
gas supply 17, is deflected by rib 21 to a flow direction
parallel to the substrate 4 and the guiding surface 9. The
cross sectional flow-through area of gas supply 17 is larger

than the flow-through opening in the inlet slit 10.

‘._\
[

form a

83

Similarly, the wall 20 and the second end wall 1
single plate carrying an inwardly extending rib 22 defining
the outlet slit 11 in cooperation with an adjacent edge of
the guiding surface 9. The cross sectional flow-through area
20 of the exhaust 19 is larger than the flow-through opening in

the outlet slit 11.

Precursor gases flow in the direction indicated by the arrows
in Figure 2. The heaters 7 heat the mantle 6 of the curved

25 surface 5. The heated mantle ¢ heats the foil substrate 4. A

€3]

a result, the precursor gases near the substrate react and a

film is deposited on the foil substrate.

In this embodiment, the roller rotates in the same direction
30 as the tangential precursor gas flow. Alternatively, the

rotational direction & of the roller can be opposite to the

flow direction of the precursor reactant gases.
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CLAIMS

1.

PCT/EP2009/055997

A vapour deposition process for applyving a deposit on a
p P ¥

foil substrate (4)

by chemical vapour deposition

wherein a flow of precursor gases in a reaction chamber

(12) is guided over the subst

reaction chamber is formed by a gap

curved surface

guiding surface (9), whersin

gap (12)

slit shaped cutlet (11},

fu

having a width corresponding

reaction chamber.

Deposition process according

a

(5} supporting

from a slit shaped precursor gas inlet

the inlet

and wherein the

{12)

rate,
between a
the substrate (4), and a
the gas flows through the
{10} to
and the outlet

to the width of the

to claim 1 wherein the

discharged gas passing the outlet is guided away from

the substrate.

ccording

13

Deposition process

to claim 1 or 2 wherein

the substrate is a foil substrate and the curved

/

surface is part of a drum (5
Deposition process according
preceding c¢laims wherein the
reactlion chamber is a gap of
Deposition process accordin

preceding claims wherein the

to flow in a laminar flow in

relative to the curved surface

Deposition process according

preceding claims wherein the

transported in a direction opposite to the

), oe.g.,

a rotatable drum.

to any one of the

gap (12) forming the

constant width.

teo any one of the
precursor gases are gulided
tangential direction

(5).

toe any one of the
substrate (4) 1is

flow

directiocn of the precursor gases.
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~J3

. Deposition process according to any one of the
preceding claims wherein the substrate (4) is heated by

the curved surface.

[$3]
[4's}

Device for applying a deposition film on a substrate

(4) in a roll-to-roll process by wvapour deposition, the
device comprising a curved surface and one or more
reaction chambers formed by a gap (12) between a
section of the curved surface (5) and a guiding surface

10 {8y, and wherein the one or more reaction chambers
comprise a precursor gas inlet at one end of the
guiding plate and an outlet at the opposite end, the
cutlet and the iniet forming slits of a width
corresponding to the width of the reaction chamter.

15

9 Device according to claim 8 wherein the curved surface

is cylindrical and wherein the slits of the outlet and

the inlet are parallel to the cylinder axis of the

curved surface.

10. Device according to claim 8 or 9 wherein the outlet

slit leads to an exhaust channel (19) having the same

width as the outlet siit, which exhaust channel leads

away from the curved surface.

11. Device according to any one of c¢laims 8 - 10, wherein
the inlet and/or the outlet are defined by an edge of
the guiding surface (9) and a rib (21, 22) located

between the guiding surface and the curved surface.

12. Device according to any one of claims 8 - 11, wherein

the curved surface encases one or more heater elements.
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13.

10

Device according to any one of claims 8 - 11, wherein
the gap forming the reaction chamber is boerdered by one

or more lateral and/or end partitions.

Device according to any one of the preceding claims 8 -
12, wherein a series of two or more reaction chambers

iz positiconed in & serial arrvangement over the same
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