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Figure 1

Schematic lay-out of an example realisation of the current invention
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(57) Abrégée/Abstract:

The invention provides a method for applying a material onto a substrate using a droplet printing technigue wherein a gas stream Is
released into the direction of a substrate, which gas stream comprises a carrier gas and droplets of a suspension of the material or
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(57) Abrege(suite)/Abstract(continued):
droplets of a solution of a precursor of the material or droplets of a precursor of the material as such, whereby the droplets In the
gas stream are first maintained in a steady flow and subseqguently in a converging flow before the droplets are contacted with the

substrate. The In

vention further provides an apparatus for carrying out said method.



w0 2009/011583 A1 I DU R0 AR 00 AV A0 GO0 0 1

CA 02693841 2010-01-15

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

(19) World Intellectual Property Organization %

International Burcau

(43) International Publication Date
22 January 2009 (22.01.2009)

(51) International Patent Classification:
C23C 4/12 (2006.01) BO5D 7/24 (2006.01)

C23C 18/08 (2006.01) B05B 17/06 (2006.01)
C23C 18/14 (2006.01)
(21) International Application Number:
PCT/NL2008/050489
(22) International Filing Date: 16 July 2008 (16.07.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
07112576.9 16 July 2007 (16.07.2007) EP
07114232.7 13 August 2007 (13.08.2007) EP

(71) Applicant (for all designated States except US): NED-
ERLANDSE ORGANISATIE VOOR TOEGEPAST-
NATUURWETENSCHAPPELILJK ONDERZOEK
TNO [NL/NL]; Schoemakerstraat 97, NL-2628 VK Delft
(NL).

(72) Inventors; and
(75) Inventors/Applicants (for US only): HOUBEN, René Jos

(74)

(81)

(84)

(10) International Publication Number

WO 2009/011583 Al

[NL/NL]; Hoge Notte 49, NL-6031 HW Nederweert (NL).
OOSTERHUIS, Gerrit [NL/NL]; Salderes 19, NL-5682
EN Best (NL).

Agent: HATZMANN, M.J.; Vereenigde, Johan de Witt-
laan 7, NL-2517 JR Den Haag (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, ELE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, 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,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
7ZW.

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,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR APPLYING A MATERIAL ON A SUBSTRATE

Figure 1

Schematic lay-out of an example realisation of the current invention

(
I .
| :
t ;10 mm ~
RN Y
1 I ]
: I :
!
A :
|
2 :'l N2
‘,l 245
1b : fiow - = = Streamline
AYAY o TN o A
ﬁ N i ~— = = Particle trajctory
s b Y
i 5 €  AgNO;/AgDroplets
ANy 7077
: ER ey
200 ram infrared I :
radiation 1l 1 Steady flow
4 :  region
heat ' :: " Stokes
ANy y e
treatment | * il Sl
[ ;
printing tube
i
|
\/ 1
i
W | /‘\
Increasing \‘% !
Stokes niumber |  26.5 ! 10 mm

-~
o

-

s

il ML BN NP AL GEL EE GE N G W v I W W W ' _‘....,-_I_
Focussing area, St>30 :

Héat shield

(57) Abstract: The invention provides a
method for applying a material onto a substrate
using a droplet printing technique wherein
a gas stream is released into the direction of
a substrate, which gas stream comprises a
carrier gas and droplets of a suspension of the
material or droplets of a solution of a precursor
of the material or droplets of a precursor of the
material as such, whereby the droplets in the
gas stream are first maintained in a steady flow
and subsequently in a converging flow before
the droplets are contacted with the substrate.
The invention further provides an apparatus for
carrying out said method.



CA 02693841 2010-01-15

WO 2009/011583 A1 UL HVA!H DR AR 1 0 O AR

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, — before the expiration of the time limit for amending the
FR, GB, GR, HR, HU., IE, IS, IT, LT, LU, L.V, MC, MT, NL, claims and to be republished in the event of receipt of
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, amendments
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report



CA 02693841 2010-01-15

WO 2009/011583 PCT/NL2008/050489

10

15

20

25

Title: METHOD AND APPARATUS FOR APPLYING A MATERIAL ON A
SUBSTRATE

The present invention relates to a method for applying a material onto a
substrate using a droplet printing technique, and an apparatus for carrying
out such a method.

Droplet printing techniques are nowadays widely applied for the
formation of two-dimensional bodies and three-dimensional bodies using
computer-generated design data. In general either a continuous droplet
printing technique or a drop-on-demand droplet printing technique will be
used. In the former technique a back-pressure is applied to the reservoir of
liquid material to be used, whereby mechanical vibration is constantly used to
produce a stream of small uniform droplets. This technique applies a high
constant frequency, allowing the droplets to be produced at rates of thousands
of droplets per second. The drop-on demand techniques differs, however, from
the former technique in that pulsation is applied only when needed, thus
allowing droplets to be produced on demand, from single droplets to several
hundreds or thousands of droplets per second.

Typical two-dimensional bodies include films such as electrical
insulators and semiconductors, whereas three-dimensional bodies include a
large variety of products such as functioning prototypes, moulds, tools and
articles. Materials that can suitably be used in these applications include
polymers, metals and ceramic materials. -

A problem associated with metal droplet printing techniques is that the

formation of small metal droplets requires the use of a small tube in the

droplet generator, which tube is unfortunately sensitive to blockage by the

metal droplets. In addition, it is noted that molten metal is aggressive in the
sense that it causes the formation of corrosion products, which in turn

contributes to the blockage problem. Obviously, this problem increases when
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molten metals are used having a higher melting point, since such molten

metals behave more aggressively.

In an alternative droplet printing technique used in the manufacture of
two-dimensional bodies, droplets consisting of a dry organometallic compound
dissolved in an organic solvent are deposited on a substrate and after a layer of
the droplets has been formed on the surface of the substrate, the layer is
subjected to a heating treatment wherein pyrolysis of the organometallic
compound takes place to allow a metal layer to be formed on the surface of the
substrate. Since for each individual layer of droplets such heat treatment is
required, it will be clear that such technique is time-consuming as well as
expensive. An additional and more severe drawback is, however, the fact that
the entire substrate needs to be Ihe ated for the pyrolysis of the organometallic
compound. Consequently, the substrate needs to be heat resistant, which
limits this technique signiﬁcantly because it excludes the application of many
combinations of substrates and printing materials.

. In other known printing techniques droplets of a suspension of a
material or droplets of a solution of a precursor of a material to be deposited on
the substrate are treated over a relatively long distance, after their release, so
as to chemically alter the droplets by inducing reactions to take place or to
physically alter the droplets, for instance, by heating the droplets.

Such treatment techniques have, however, the drawback that they lower

the precision with which the droplets will be deposited at the substrate (i.e.

focusing accuracy).

Object of the present invention is to provide a droplet printing technique
which displays an improved focusing accuracy, despite the fact that the :
droplets are transported over a relatively long distance.

Surprisingly, it has now been found that this can be established when
use is made of a method in which the droplets are initially maintained in a
steady flow and subsequently in a converging flow. Accordingly, the present

invention relates to a method for applying a material onto a substrate using a
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droplet printing technique and a gas stream guiding system, which method

comprises the steps of:

(a) releasing a gas stream which comprises a carrier gas and droplets of a

suspension of the material or droplets of a solution of a precursor of the
material or droplets of a precursor of the material as such into the direction of
the substrate, whereby the droplets are produced using a droplet printing
technique;

(b) maintaining a steady flow of the gas stream over a first period of time,
wherein the Stokes number (St) of the droplets in the gas stream is less than 1
during the first period of time;

(c) converting the steady flow of the droplets in the gas stream into a
converging flow and maintaining the converging flow of the droplets over a
second period of time, whereby the Stokes number of the droplets in the gas
stream increases up to a value higher than 10 during the second period of
time; and

(d) contacting the droplets of the suspension of the material so obtained or the
droplets of a solution of a precursor of the material so obtained with the
substrate.

The method in accordance with the present invention allows a high
aerodynamic focusing accuracy of the droplets resulting in products of high
precision when compared to known products made by conventional droplet
printing techniques.

Preferably, in step (b) the Stokes number of the gas stream is less than
0.1 during the first period of time.

In step (c) the Stokes number of the droplets in the gas stream
increases preferably up to a value higher than 10 during the second period of
time. More preferably, in step (c) the Stokes number of the droplets in the gas
stream increases up to a value higher than 20 during the second period of

time. Most preferably, in step (c) the Stokes number of the droplets in the gas
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stream increases up to a value higher than 30 during the second period of
time. |
It will be appreciated that the Stokes number (St) of a particle in a gas

flow, in our case dréplets, is defined as follows:

2 .
St ='ppr CCUO
18”]‘ Lc

wherein p, is the particle density; D, the particle diameter; Ccthe correction

the typical length scale.
In step (c¢), the conversion of the steady flow into a converging flow can

suitably be established by using a gas stream guiding system which comprises

a first part having essentially the same diameter over essentially its entire

length, and a second part having a converging diameter over essentially its
entire length.

Preferably, the first part has the same diameter over more than 70% of

its entire length, and the second part has a converging diameter over more

than 70 % of its entire length.
More preferably, the first part has the same diameter over its entire
length, and the second part has a converging diameter over its entire length.

In accordance with the present invention, the first period of time in

step (b) can suitably be in the range of from 0.1-10 seconds. The second period

of time in step (¢) can suitably in the range of from 0.01-1 second.

Preferably, the precursor to be used in accordance with the present

invention comprises a metal salt or an organometallic compound and the

suspension comprises a metal suspension, a polymer suspension or a ceramic

suspension. More preferably, a solution of a metal salt or a metal suspension is

used. Most preferably, a solution of a metal salt is used. The metal salt

constitutes the precursor of the corresponding metal to be obtained.
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nickel, copper, gold, silver, platinum, aluminium, iron or palladium, preferably

nickel or copper. Examples of such metal salts include metal nitrates or metal

acetates, such as copper nitrate, copper acetate, nickel nitrate and nickel
acetate.

An example of a suitable organometallic compound is for instance (1,5-
cyclooctadiene- 1,1,1,5,5,5-hexafluoroacetylacetonato)silver(l), also known as
Ag(hfa)(COD).

Preferably, the metal to be used in accordance with the present
invention comprises nickel, copper, gold, silver, platinum, iron, aluminium or
palladium. More preferably, the metal comprises silver, nickel or copper.

Preferably, the polymer to be used in accordance with the present

invention comprises polystyrene, polypropylene, polyethylene, or acrylonitrile

butadiene styrene. More preferably, the polymer comprises polystyrene or

polyethylene.

Preferably, the ceramic suspension to be used comprises a ceramic

material selected from the group consisting of aluminium oxide, zirconium

oxide, magnesium oxide, boron nitride, silicon carbide, silicon nitride and
tungsten carbide. More preferably, the ceramic material comprises aluminium
oxide or zirconium oxide. More preferably, use is made of zirconium oxide.
Obviously, in the solution or suspension to be used in accordance with
the present invention a liquid medium is used.
Suitable examples of such liquid media used in solutions of metal salts

include water, alcohol and acetone, or mixtures thereof. Preferably, the liquid

medium used 1n a solution of a metal salt comprises water.

When use is made of an organometallic compound suitable liquid media

- include toluene and ethanol.

The liquid medium used in the polymer suspension suitably comprises

water, alcohol or acetone. Preferably, the liquid medium used in the polymer
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suspension comprises water. If desired, mixtures of these liquid media can be

applied.

The liquid medium use in the ceramic suspension suitably comprises
water, alcohol or acetone. Preferably, the liquid medium used in the ceramic
suspension comprises water. If desired, mixtures of these liquid media can be
applied.

When the material to be deposited on the substrate comprises a polymer
and droplets of a precursor of the material as such are used, the precursor of
the material can suitably be a curable monomer from which the polymer will
be formed.

The gas stream to be used in accordance with the present invention

comprises a carrier gas and droplets of the material or droplets of a solution of

a precursor of the material. Suitably, the carrier gas can be selected from the

group consisting of nitrogen, hydrogen, argon or a mixture thereof.
Preferably, the carrier gas comprises nitrogen or argon. The gas can
éither be inert or it can function as a catalyst suitable for the treatment given
to the droplets during flight.
In the method according to the present invention use can be made of

two or more printing heads or two or more nozzles that each deliver a droplet

stream, resulting in two or more droplet streams that flow in parallel in the
direction of the substrate.

The droplets streams may all comprise one type of material or precursor of the

material, or the respective droplet streams comprise different types of material
or precursors of the material(s).

In a particular attractive embodiment of the present invention, the
droplets of the suspension of the material or the droplets of the solution of the
precursor of the material are at least subjected in step (b) to a treatment which
delivers energy to the droplets. It will be understood that in respect of such a
treatment some overlap may occur between steps (a) and (b), and (b) and (c)

respectively. Hence, said treatment may also partly occur in step (a) or in step
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(c). Preferably, however, said treatment is substantially carried out in step (b).
With the term “substantially” is meant that said treatment is ..carried out for
more than 90% in step (b). Preferably, more than 95% of said treatment is
carried out in step (b).

Preferably, such a treatment is carried out to establish:

(i) that the liquid medium used in the suspension is completely or

substantially removed, whereby the material is allowed to melt when the

liquid medium is removed completely; or

(ii) that the liquid medium used in the solution is completely removed,

whereby pyrolysis of the precursor and melting of the material so obtained is

allowed to take place when the precursor comprises a metal salt.

Suitably, the treatment which delivers energy to the droplets is
selected from the group consisting of heat treatments, infrared curing
treatments, flash curing treatments, UV radiation treatments, electron beam

curing treatments, plasma treatments, induction treatment and laser

irradiation treatments.

Preferably, said treatment is a heat treatment or a UV radiation
treatment.

The droplets can suitably be heated by means of contact-free heating
equipment, i.e. equipment which heats the droplets without being in direct
contact with the droplets. Examples of such equipment include heating spirals,
microwave devices in case aqueous solutions are used, laser heating and
induction heating devices.

When the suspension to be used 1n accordance with the present
invention comprises a metal suspension, a polymer suspension or a ceramic
suspension, the liquid medium used in the suspension is preferably completely
removed during the present process.

In accordance with the present invention a heat shield can suitably be
applied above the side of the substrate which is to be contacted with the

droplets. In this way the hot gas flow is directed away from the substrate.
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When use is made of a polymer suspension, the droplets of the polymer
solution are heated in such a way that the liquid medium used in the polymer
suspension is completely removed and the polymer so obtained is melted in
polymer droplets. |

When a solution of a metal salt or an organometallic compound is used,
the droplets of the solution are heated in such a way that pyrolysis of the
metal salt or organometallic compound occurs and the metal thus obtained is
melted into molten metal droplets. In case a metal suspensibn 1s used, the

droplets of the metal suspension will be heated in such a way that the liquid

medium used in the metal suspension is completely removed and the metal so

obtained is melted in metal droplets.

When a ceramic suspension is used in the method according to the

invention, the droplets of the ceramic suspension are heated in such a way

that the liquid medium used in the ceramic suspension is substantially
removed and the remaining droplets of the ceramic suspension are allowed to
deposit on the substrate. In the context of the present invention with
"substantially" 1s meant that at least 50% of the liquid medium used in the

ceramic suspension is removed. Preferably, more than 70% of the liquid

medium is removed, more preferably more than 80% of the liquid medium is

removed.

It will be understood that when use is made of a heating treatment the
droplets are exposed to a temperature, which is at least equal to the boiling
temperature of the liquid medium used in the solution or the suspension.
Preferably, the droplets are exposed to a temperature which is larger than the
boiling temperature of the liquid medium used in the solution or the
suspension.

When a solution of a metal salt or an organometallic compound is used

temperature in the range of from 50-200°C, whereas pyrolysis of the metal salt

obtained from the solution will generally take place at a temperature in the
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range of from 100-1000 °C, and the metal obtained from the suspension will
generally melt at a temperature in the range of from 500-1500 °C.

When a ceramic suspension or a polymer suspension are used the liquid
medium will also géne'rally evaporate at a temperature in the range of from

50-200 °C, whereas the polymer obtained from the polymer suspension will

generally melt at a temperature in the range of from 80-300 °C.

On the other hand when mentioning these temperatures it does not

mean that the gas stream has this temperature. The droplets inside the tube

relatively cold gas steam making this system capable of positioning droplets on

delicate substrates.

It will be understood that said temperature ranges will depend on the
choice of the liquid medium applied and the pressure used.

In accordance with the present invention a variety of substrates can
suitably be used. Examples of suitable substrates include metals, polymers
and ceramics. One of the major advantages of the present invention is the fact
that also variety of low melting substrates can suitably be used. Suitable
examples of low melting substrates include polymers such as polyethylene, and
polystyrene.

The droplet printing technique to be used in accordance with the
present invention can either be a continuous droplet printing technique or a
drop-on-demand droplet printing technique. Preferably, however, use is made
of a drop-on-demand printing technique.

The method according to the present invention can also very attractively
be used to fill vias which are present in electronic devices. Suitable electronic

devices include printed circuit boards, chips and inte grated circuits.
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The present invention also relates to the use of a method according to
the present invention for the production of conductors on printed circuit boards
or solar cells.

In addition, the present invention provides a printed circuit board or

method according to the present invention.

The present invention further relates to a substrate on which a material
has been applied obtainable by means of any of the methods according to the
present invention. The materials which have been applied onto such
substrates display a unique structure which is established by means of the
improved focusing accuracy. Preferred substrates in accordance with the
present invention are obtainable by means of a method according to the
present in which use is made of two or more printing heads or two or more
nozzles that each deliver a droplet stream, resulting in two or more droplet
streams that flow in parallel in the direction of the substrate. In that way very
attractive substrates can be produced on which, for example, a layer of an alloy
is applied, which alloy is formed on the substrate itself.

The present invention also relates to a product which has been
manufactured by using the method according to the present invention until the
desired form of the product is shaped.

Products that can be manufactured using the method according to the
present invention include two-dimensional and three-dimensional bodies,

electrical conductors, electrical insulators, semiconductors, functioning

prototypes, moulds, tools and a large variety of articles such as custom

jewellery, conductive tracks such as for instance those on printed circuit
boards, solar cells, custom made medical implants, and small complex
engineering parts such as pump rotors.

The present invention also relates to an apparatus for carrying out a

method according to the present invention, which apparatus comprises:
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(a) a reservoir for a suspension of the material or a solution of a precursor
of the material;

(b) a printing head for releasing droplets of the suspension or the solution,

which printing head is connected to the reservoir;

(c) a gas stream guiding system which comprises a first part having

of its entire length, and the second part has a converging diameter over more
than 70% of its entire length.

More preferably, the first part has the same diameter over its entire

length, and the second part has a converging diameter over its entire length.

Suitably the tube diameter at the start of the converging flow is 8-12 times

larger than the tube diameter at the end of the converging flow, i.e. at the

orifice of the tube. To establish this, the diameter of the second part converges

over the length of said part in respect of the central axis of said second part in

an angle in the range of from 5-90°. More preferably, between 10° and 90°,
most preferably between 10-60°.

Suitably, the first part has a length that allows sufficient time and
space for said treatment which delivers energy to the droplets and which is

suitably selected from the group consisting of heat treatments, infrared curing

treatments, flash curing treatments, UV radiation treatments, electron beam

curing treatments, plasma treatments, induction treatment and laser
irradiation treatments.

Suitably, the first part has a length in the range of 1-500 cm. Preferably,

the first part has a length 1n the range of from 1-100 cm.

Suitably, the first part has a diameter in the range of 0.5 to 50 mm.

Preferably, the first part has a diameter in the range of from 0.5 to 5 mm.

Suitably, the second part has a length in the range of from 0.5-50 cm.
Preferably, the second part has a length in the range of from 0.5-10 cm.
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In a particular attractive embodiment the present apparatus further
comprises a device for delivering energy to inner part of the first part of the
gas stream guiding system. Examples of such devices include heating spirals,
microwave devices in case aqueous solutions are used, laser heating and

induction heating devices.

Example

Figure 1 shows the schematic lay-out of an example realisation of the current

invention. In this particular example, 70 pm droplets of an aqueous solution of

AgNOg are printed with a drop-on-demand print head. Droplets are guided by
a flow of N2 gas with a flow of 0.3 I/min. During the first part of the flow
(straight part), the droplets are heated by IR-radiation. As a result, the water
evaporates, subsequently pyrolysis takes place leading to 7 pm molten Ag

droplets. The lower part of the tube contracts with an angle of 26.5°, which
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1. A method for applying a material onto a substrate using a droplet
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printing technique and a gas stream guiding system, which method comprises
the steps of:

(a) releasing a gas stream which comprises a carrier gas and droplets of a
suspension of the material or droplets of a solution of a precﬁrsor of the
material or droplets of a precursor of the material as such into the direction of
the substrate, whereby the droplets are produced using the droplet printing
technique;

(b) maintaining a steady flow of the gas stream over a first period of time,
wherein the Stokes number of the droplets in the gas stream is less than 1
during the first period of time;

(c) converting the steady flow of the droplets in the gas stream into a
converging flow and maintaining the converging flow of the droplets over a
second period of time, whereby the Stokes number of the droplets in the gas
stream increases up to a value higher than 10 during the second period of
time; and

(d) contacting the droplets of the suspension of the material so obtained or the

droplets of a solution of a precursor of the material so obtained with the

substrate.

2. A method according to claim 1, wherein in step (b) the Stokes number

of the gas stream is less than 0.1 during the first period of time.

3. A method according to claim 1 or 2, wherein in step (c) the Stokes

number of the droplets in the gas stream increases up to a value higher than

25 during the second period of time.
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4. A method according to claim 1 or 2, wherein in step (c) the Stokes
number of the droplets in the gas stream increases up to a value higher than

30 during the second period of time.

5. A method according to any one of claims 1-4, wherein the first period of

time is in the range of from 0.1- 10 seconds.

6. A method according to any one of claims 1-5, wherein the second period

of time is in the range of from 0.01 - 1 second.

7. A method according to any one of claims 1-6, wherein the precursor
comprises a metal salt or an organometallic compound and the suspension

comprises a metal suspension, a polymer suspension or a ceramic suspension.

8. A method according to claims 7, wherein the metal comprises nickel,

copper, gold, silver, platinum, iron, aluminium or palladium.

9. A method according to claim 8, wherein the metal comprises silver,

nickel or copper.

10. A method according to claim 7, wherein the polymer comprises

polystyrene, polypropylene, polyethylene, or acrylonitrile butadiene styrene.

11. A method according to claim 10, wherein the polymer comprises

polystyrene or polyethylene

12. A method according to claim 7, wherein the ceramic suspension
comprises a ceramic material selected from the group consisting of aluminium
oxide, zirconium oxide, magnesium oxide, boron nitride, silicon carbide, silicon

nitride and tungsten carbide.



CA 02693841 2010-01-15

WO 2009/011583 PCT/NL2008/050489

10

15

20

29

15

13. A method according to claim 12, wherein the ceramic material comprises

aluminium oxide or zirconium oxide.

14. A method according to any one of claims 1-13, wherein the droplets of
the suspension of the material or the droplets of the solution of the precursor
of the material are at least subjected in step (b) to a treatment which delivers

energy to the droplets.

15. A method according to claim 14, wherein the treatment is carried out
to establish:

1) that the liquid medium used in the suspension is completely or

substantially removed, whereby the material is allowed to melt when the

liquid medium is removed completely; or

(ii) that the liquid medium used in the solution is completely removed,

whereby pyrolysis of the precursor and melting of the material so obtained is

allowed to take place when the precursor comprises a metal salt.

16. A method according to claim 15, wherein the suspension comprises a
metal suspension or a polymer suspension and the liquid medium used in the

suspension is completely removed.

17. A method according to claim 15, wherein the suspension comprises a

ceramic suspension and the liquid medium used in the suspension is

substantially removed.

18. A method according to any one of claims 14-17, wherein the treatment

- 1s selected from the group consisting of heat treatments, infrared curing

treatments, flash curing treatments, UV radiation treatments, electron beam
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curing treatments, plasma treatments, induction treatment and laser

irradiation treatments.

19. A method .aécording to claim 18, wherein the treatment is a heat

treatment or a UV radiation treatment.

20. A method according to any one of claims 1-19, wherein a heat shield 1s
applied above the side of the substrate which is to be contacted with the
droplets.

21. A method according to any one of claims 1-20, wherein use is made of

two or more printing heads or two or more nozzles that each deliver a droplet

stream, resulting in two or more dr.oplet streams that flow in parallel in the

direction of the substrate.

22. A substrate onto which a material has been applied obtainable by

‘means of a method according to any one of claims 1-22.

23. A substrate onto which a material has been applied obtainable by

means of a method according to claim 21,

24. A product which has been manufactured by means of a method

according to any one of claims 1-21 until the desired form of the product 1s

obtained.

25. An apparatus for carrying out a method according to any one of claims

1-21, which apparatus comprises:

(a) a reservoir for a suspension of the material or a solution of a precursor

of the material;
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(b) a printing head for releasing droplets of the suspension or the solution,
which printing head is connected to the reservoir;

(¢) a gas stream guiding system which comprises a first part having
essentially the same diameter over essentially its entire length, and a second

part having with a converging diameter over essentially its entire length.

26. An apparatus according to claim 25, wherein the first part has a

length in the range of from 1-500 cm.

27. An apparatus according to claim 25, wherein the first part has a length

in the range of from 1-100 cm.

28. An apparatus according to claim 27, wherein the first part has a length

in the range of from 5-50 cm.

29. An apparatus according to any one of claims 25-28, wherein the first

part has a diameter in the range of 0.5-50 mm.

30. An apparatus according to claim 29, wherein the first part has a

diameter in the range of 0.5-5 mm.

31. An apparatus according to claim 30, wherein the first part has a

diameter in the range of 0.5-2.5 mm.

32. An apparatus according to any one of claims 25-31, wherein the second

part has a length in the range of from 0.5-50 cm.

33. An apparatus according to claim 32, wherein the second part has a

length in the range of from 0.5-10 cm.
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34. An apparatus according to any one of claims 25-33, wherein the
diameter of the second part converges over the length of said part in respect of

the central axis of said second part in an angle ranging from 5-90°.

35. An apparatus according to claim 34, wherein the diameter of the
second part converges over the length of said part in respect of the central axis

of said second part in an angle ranging from 10-60°.

36. An apparatus according to any one of claims 25-35, further comprising

a device for delivering energy to inner part of the first part of the gas stream

guiding system.

37. Use of the method according to any one of claims 1-22 for filling vias

which are present in an electronic device.

38. Use of the method according to any of the claims 1-22 for the

production of conductors for use in a printed circuit boards or a solar cells.

39. A printed circuit board comprising a conductor which has been

produced by means of a method according to any one claims 1-22.

40. A solar cell comprising a conductor which has been produced by means

of a method according to any one claims 1-22.



CA 02693841 2010-01-15
WO 2009/011583 PCT/NL2008/050489

1M

Figure 1

Schematic lay-out of an example realisation of the current invention
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