
PCT/EP2003/007494 A nozzle assembly for applying a liquid to a substrate
The present invention relates to a nozzle assembly for applying a liquid to
a substrate. In many ?Melds of application, especially these for producing
wafers and masks during the  treatment of a substrate, it is necessary to
deposit a layer of liquid such as a developer for  example, on. the wafer
or the mask, In the past, this has been done using a single nozzle winch.
was directed towards the substrate  and was swept or scanned over the mask
or the wafer in raster-like manner in order to we,, the  entire surface of
the substrate. As an alternative, consideration has also been giver. to the
use of  several mutually adjacent nozzles which were directed towards the
surface of the substrate and  wetted the entire substrate in the course of
a single sweep. it the liquid being applied is, for example, a liquid
developer which is used for the development  steps in a micro-lithographic
process, it is important for the quality of the final product to ensure
that the same process progress is reached - i.e. that ,here is a uniform
degree of development - over each sub-area of the surface of the substrate
being treated. The rate at which the process  progresses is basically
determined by the quantity of developer applied, the dwell time on the
substrate and the mechanical force with which the liquid is applied to the
surface of the  substrate. Consequently, it is necessary for the developer
to be applied simultaneously over the  entire surface of the substrate in
as force-free and homogeneous a manner possible inn order to  ensure. that
the process progresses at as homogeneous a rate as possible. In order to
ensure that the liquid is applied as simultaneorsly as possible when
applying it  through a single nozzle, the nozzle should have a very high
scanning speed, and a very high  flow speed for the medium should he
selected since large temporal inhomogeneities in the  application of the
medium would otherwise arise. However, the high speed of flow leads to a
large mechanical deposition force during the application of the medium,
this being something  which should be avoided. Moreover, when rasing a
single nozzle, a pattern corresponding to the  pattern of the nozzle
develops on the surface of the substrate because the medium is not usually
applied evenly over the ON of the area being supplied by the nozzle - both
in regard to the  force of application and the quantity of liquid applied.
When using a plurality of mutually adjacent nozzles, the application time
can be substantially  reduced as compared with a single nozzle. whereby the
temporal inhomogeneity can be reduced  



when the medium is applied in this manner. However. it is still necessary
to use high speeds of  Flow in order to enable the medium to be applied as
simultaneously as possible, this thereby again resulting in a large
mechanical deposition force during the application of the medium.
Moreover, the development of a pattern described above still occurs to-,
the individual nozzles. Furthermore, a slot nozzle for applying a liquid
,Sigh-polymer material is known from EP 03 66  96? A2. The slot nozzle
consists of a two-piece nozzle body, whereby a first part incorporates a
feed channel and several stop valves which are able to open and close a
connection between the  seed channel and corresponding outlet bores in the
first part. Each of the outlet bores. extends  towards the second part of
the nozzle body arid is directed towards an elongated spreading  chamber
which is in the form of a recess in the second part. An outlet slot is
formed between  the two parts below the spreading chamber. Based upon the
above state of the art:, the object of the present invention is to provide
a device  which enables rapid, homogeneous application of a liquid to F.
substrate in as force: free a  manner as possible. In accordance with the
invention, this object is achieved in the rase of a nozzle assembly  for
applying. a liquid to a substrate in that the nozzle assembly- comprises a
nozzle body  incorporating a plurality of nozzles located substantially in
a line and a substantially vertically  extending deflection or guide
'male,' having 'a flat surface and a straight lower edge, wherein the
nozzles are directed towards the flat surface of the guide plate above the
lower edge so That a  liquid film forms on the guide plate and flows off
over the 'lower edge. In the case of a device  constructed in this manner,
a substantially homogeneous liquid film can he formed on the guide  plate,
and can be applied as a homogeneous film to the substrate which is to be
wetted.  Furthemore, the film can be applied 1..o the surface of the
substrate with a uniform force of  application since the development of a
pattern produced by individual nozzles no longer occurs  on the surface of
the substrate, Moreover, the liquid film can be applied quickly by means of
a  single relative movement between the substrate and the device. Although
high liquid flow  speeds must also be used here, the component of force
effective on the surface of the substrate  does not thereby increase, or at
least, not substantially so. The mechanical force of application  is
substantially independent of the speed of flow through the nozzles and is
essentially  determined by the flow path over the guide plat: and the
height of the drop between the lower  edge of the guide plate and the
surface of the substrate. In a particularly preferred embodiment of the
invention, a dovvnwardly widening gap is termed  



between file nozzle body and the guide plate, this thereby assisting the
formation of a  homogeneous liquid film on the guide plate in a direction
Towards the lower edge. In order to  simplify ti e construction of the gap,
the latter is preferably formed by a flat surface of the  nozzle body and a
flat surface: of the guide plate which form an acute angle therebetween.
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In order To enable the device to be used for various liquids having
differing viscosities, the angle  is preferably adjustable. The formation:
of a homogeneous liquid film in dependence on the  liquid can Thereby be
achieved. The angle is preferably between G_.`. ar:,d 41. Good results can
also be achieved, in particular, in an angular range 4t between 1 and 3, or
between 1.,i'' and  15 In one embodiment of the invention, the flat surface
of the guide plate extends downwardly over  The entire flat surface of the
nozzle body, It is thereby ensured that the liquid film will peel-off
cleanly from the lower edge of the guide plate and that this break-away
process will not be  affected by the nozzle body. In older to simplify the
construction of the device, the guide plate is attached directly to the
nozzle body. In particular, this thereby enables the guide plate and the
nozzle body to be moved  as a unit. Hereby, the guide plate is preferably
attached to the nozzle body above the nozzles in  order to avoid having
attachment elements in the space bellow the nozzles which could affect the
homogeneity of the liquid film on the guide elate. in order to prevent The
liquid issuing from the nozzle moving upwardly between the guide plate  and
the nozzle body and thus Possibly impairing, the homogeneity of the liquid
film, provision is  preferably made for a sea! to be located above the
nozzles between the nozzle body and the  guide plate. Preferably, a recess
is provided in the .nozzle body, said recess having a  complementary shape
to that of the seal. A secure arrangement and adequate retention of t=ae
seal are thereby ensured. Preferably, the seal has a round crass section.
In accordance With a particularly preferred embodiment of the invention,
the nozzles are formed  by straight passages in the nozzle body, whereby,
in terms of height, the inlet ends of t e  passages lie below the, outlet
ends thereof. This arrangement thus prevents liquid from dripping  from the
nozzles and thereby producing bubbles in the liquid system when the device
is not in  operation i.e. whet; there is no flow of liquid. Such bubbles
would adversely affect the process  of continuously and completely' wetting
the surface of The substrate Prefferably, the inlet ends of  the nozzles
flow into a common distributor line which has a substantially larger cross
section.  



than the respective nozzles. A substantially uniform speed of flow throng.;
, all the nozzles is  thereby ensured. In order To prevent a build-up of
fluid pressure on the nozzles when the system is switched-cuff  which could
lead to an outflow of liquid, the inlet ends of the nozzles are located at
or in the  proximity of the highest point of the distributor line. B'CQCm
N3IdYN r V3`b'.T / snn"v ",_:; In order to Produce as homogeneous a
pressure distribution as possible within the distributor  line, provision
is preferably made in a preferred embodiment of the invention for a supply
line  to he below the distributor line and be connected to the distributor
line by a plurality of feeder  Ines. The provision of the plurality of
feeder lines enables a Homogeneous pressure distribution  to be obtained
within the distributor line and thus a homogeneous distribution of pressure
over  all the nozzles. Due to the fact that the supply line lies below the
distributor line, it is also  ensured that no pressure will be exerted on
the liquid in the nozzles when the system is switched  off. Moreover, the
construction of the liquid system consisting of the supply line, the
distributor  line and the inclined nozzles enables air to be automatically
evacuated from the system when it  is being filled against the force cif
gravity. 'Moreover, the emergence of liquid from the nozzles  can only he
effected against the effect of the force of gravity and is thus virtually
impossible. A  homogeneous liquid film can thereby be produced again
immediately after a restart when the  liquid system, has been switched off
for a long period of time because the liquid system is always uniformly
filled with liquid and bubbles cannot occur therein. For the purposes of
obtaining a uniform distribution of pressure within the distributor line,
the  feeder lines between the supply line and the distributor line are
preferably evenly spaced over  the entire length of the distributor line.
In order to assist the homogeneous formation of the, liquid film on the
guide plate, at least the  surface of the guide plate directed toward the
nozzles is preferably made of a hydrophilic .  material In order' to enable
complete wetting of the surface of a substrate, a mechanism for producing a
relative movement between the substrate and the guide plate is preferably
provided. Hereby, the  mechanism preferably comprises a unit for moving the
guide plate substantially parallel to the  surface of the substrate so as
to provide a uniform mechanical force of application Over the  



entire substrate., In one embodiment of the invention, the mechanism is a
linear--movement unit for moving the  substrate and/or the nozzle body with
the guile plate. In an alternative embodiment, the nozzle  body and the
guide plate are attached to a pivotal am, whereby the maximum possible
pivotal  radius is selected in order to prevent the occurrence of
inhomogeneities due to the pivotal  movement. In order to ensure adequate
and uniform wetting of the substrate; the guide plate is preferably  wider
than the substrate. This is of particular advantage since the liquid film
comprises inhomogeneities in the boundary regions of the guide plate.
~00It; HalavN - v.a-Yd / i3OO}z E?''E35t[a't(V 7t.L5RRCi'tOgBP-:. XY"
t'T-=r t0o% :1,'1/617 In order to roan a homogeneous liquid him
corresponding to the width of the substrate, the  outemost nozzles in the
nozzle body are preferably spaced by a distance which is greater than  the
width of the substrate. In a preferred einhodirnent of the invention, a
mechanism is provided for adjusting the ,pacing  between the lower edge of
the guide glare and the substrate. The head or height of fall of the
liquid film can thereby be charged in order to adjust the force with which
the liquid is applied to  the substrate. In a further embodiment of the
invention, the lower edge of the guide plate is a  sharp edge in order to
provide a detinod break.-away edge at the. lower edge of the guide plate.
This thereby ensures that the liquid film will run-off in a defined manner
and, moreover, a  change in the direction of flow of the liquid when
leaving the guide plate is prevented, In order TO. adjust the width of the
liquid filet in dependence on i the subs!-_r tes which are to be  wetted,
provision is preferably made for a mechanism fbr opening and closing,
fire-deterrnined  nozzles, and in particular, the outermost nozzles. For
the purposes of producing a l or ogeneous liquid Ilt-mm, a3. <utg,le.
within the range of 90 to  94' is tnrnied between the nozzles and the guide
plate. Good process results can be obtained, in  particular, in an angular
range of between 90.5' and 93 or between 90.5 and 92'. The device in
accordance with the invention is particularly suitable for use in the field
of wafer  and mask production wherein very fine structures have to be
processed and wherein extremely  homogeneous process conditions must
prevail, 1 ire invention is described in more detail hereinafter with the
aaid of a preferred exemplary  embodiment ;aken in coniuriction with the
drawings. Therein: Fig. I shows a scliernatic plan view of a device for
treating masks in the production of; wafers  



which comprises a nozzle assembly in accordance with the present invention,
Fir. 2 a schematic front vi of a n02zle body in accordance with the present
invention; Fig. 3 a schematic sectional view through the nozzle body in
accordance with Fig. 2; Fig. 4 a schematic side view of a nozzle assembly
in accordance with the present invention;  Fig. 5 a schematic partial
sectional view through a nozzle assembly in accordance with the  present
invention; 9ool'UaIdVN <- Yd-Va / SOON eTasioT;t Z L29sCtt4~Bt... '~:~'d
ST:T 1,007 iTi6Z Fig. 6 a schematic front view or a nozzle. assembly in
~ccordan e with the e:rwentiort. g I shows a schematic plan view of a
device i for treating masks 2 used fhr the production of  Fi. semiconductor
wafers. The device 1 includes a treatment container 4 having a side wail 5
which  is conically tapered at least it, an upper portion 7 thereof and
thereby forms an upper, round  input/output opening 8. The base of the
treatment container 4 is formed by an .approtpriate base  plate which is
fixed together with the side wall 5 to a mountin plate. 10. The upper
input/output  opening 8 is adapted to be closed by an appropriate cover
which is not illustrated in detail. A  plurality of through holes 12
providing a feed passage fox different treatment systems: in  particular
feed lines for different liquids, is provided in the cunieal part 7 of the
side wall 5, A rotatable receiver or seating mechanism 15 is provided
inside the treatment container 4. said  mechanism comprising' four receiver
or seating elements 17 in accordance with fig. 1. The  seating mechanism 15
is rotatable by n-leans ol"a shaft extending through the bottom wall of the
container and a suitable drive. The seating mechanism 15 is dynamically
balanced in such a  mariner as to make high numbers of revolutions
possible, Below the seating mechanism 15. there is provided a seating
bellows 19 which seals the shaft of  the seating mechanism 13 with respect
to the processing ertvh-onrnert:... Apaxt from its sealing  function, the
bellows, which may be in the form of a blacksmiths bellows for example,
also  serves for displacing the seating mechanism perpendicularly relative
to the plane of the drawing  of Fig. 1. Naturally, this function could also
be provided by any other suitable device. Funhenuore, a nozzle assembly 22
in accordance with the invention can he perceived in Fig. 1,  this assembly
being arranged partly above the mask 2 in the illustration of Fig. I. The
nozzle assembly 22 consists of an inlet line 24, a nozzle body 26 and a
deflector or- oide  plate 28 which is not visible in Fig. `I but can best
be seer: in F g, 4. 



The inlet line 24 incorporates a tubing section 30 which extends
substantially perpendicularly  relative to the plane of the draawin of Fig.
I and is connected to a swivelling mechanists in an  appropriate maimer for
the purposes ol'pivoting the inlet line 24 about a pivotal axis extending
perpendicularly to the plane of the drawing in the vicinity or the section
30. Furthermore, the  slot line `24 includes a section w ch forms an
extension inn 32 ,hat extends substantially in the  plane of the drawing
.in accordance with Fig. 1. The nozzle body 26 is mounted on the free end
of the extension ann ;t2 in an appropriate mariner. The nozzle body 26 is
formed by a straight  elongated body which extends at an angle with respect
to the main direeiion of extent of the  extension arm .2. Due to the Tact
that the inlet line 24 is pivotal in the vicinity of the section 30,  the
nozzle body 26 can be pivoted from a region within, which a is not arranged
above the mask tare 5~ [aTdw~ Y,#-'NJ solo [rtae[l~[tt 7, ?.:~ 3uT'TO7,
i$t' YV.'T . T:4T rno2 7t!sZ 2 into a region where it is above the mask and
is pivotal over the entire mask. The angle  beiween the main direction of
extent of the extension arm 32 and the nozzle body 26 thereby  results in a
larger pivotal range. This enables the mask 2 to be lifted out of the
treatment  container 4 in a direction perpendicular to the direction
extending in the plane of the d: ivving of  ig. I. This is necessary so as
to give an external handling robot access to the mask 2 in order  to remove
it from the seating mechanism i S or to deposit a new mask thereon.
Furthermore, the pivotal movement of the nozzle body 26 enables the mask 2
to be wetted in  entirety as will be described in more detail here~inaTter,
Fig. 2 shows a schematic front view of the nor..le. body 26 without the
guide plate 28 and "ig. 3  shows a schematic sectional view through the
nozzle body" 26, likewise without the guide plate  28 attached thereto. As
can be perceived from figs. 2 and 3, a total of 20 nozzles 36 are  provided
in the nozzle body 26. said nozzles being disposed. in a straight line. The
nozzles 36  are each forded by corresponding straight bores in the nozzle
body 26. The nozzles 36 are  connected to a distributor line 38 which
extends perpendicularly relative to the nozzles 36 and is  formed by a
straight blind bore 40 in the nozzle body 26, The blind bore 40 extends
into the  nozzle body 26 from the end thereof remote from the ;inlet line
24. The open end of the blind  bore 40 is closed by a suitable plug 42.
Alternatively, the bore 40 could also extend completely through the nozzle
body 26 and the  respective opposite openings could be closed in an
appropriate manner. For exa, nple. each of  the opposite ends could he
closed by a slider which enables a connection between the distributor  line
38 and the outermost nozzles 36 to be blocked in order to thereby gradually
reduce the  



number of nozzles 36 supplied with the liquid. Such a decrease in the
number of operable.  nozzles can be effected from one side in the case of
the blind bore or from both sides in the case  of a through-bore in order
to obtain a, more symmetrical arrangement. Furthermore, a supply line 44 is
provided in the nozzle body 26, this line being formed by an  appropriate
blind bore 46. Although this is nor perceptible in Fig. 3. the supply line
44 is, in  ter'-Ps of height, below the distributor Brie 38. Moreover, the
noz lee 3 are connec:ed tc the  distributor line at or in the proxinni ty
of the highest point thereoof. Furthermore, in the case of a  normal
alignment of the nozzle body 26, the nozzles 36 rise with. respect to the
horizontal, i.e.  they have an inlet end 50 which c,irusiunicates with the
distributor lute 38 and lies at a lower  level relative to the outlet end
51 thereof. These characteristics of the geotnetr oai arran,r, znent  of
the supply line 44, the distributor line 38 and the nozzles 36 are also
basically apparent from  the schematic side view in accordance with Fig. 4
or the schematic partial sectional view in  accordance with. Fig. 5 c-nn G:
y3Idr:V Y:[-yd i 500)3 i ir5tta'[Is ZTL3i'iFtGZo + XVd OT ST i'oOZ tt1,'6
The supply line 44 is connected by suitable. feeder lines 54 to the
distributor line 38. The fccder  lines 54 are evenly spaced with respect to
the length of the distributor line 38 and are arangec  symmetrieaiiy with
respect to a centre plane in order t+`) make the pressure distribution
wit!am t? e  distributor line 38 as uniform as possible. Instead of
providing the supply line 44 extending laterally into the nozzle body 26 in
the Corm of  a blind bore with a lateral end connector 45, it is also
possible to provide tlhe nozzle body 2.6  with a substantially central
connector in order to produce a better distribution or pressure within  the
supply line 44 and consequentially wiG in the distributor line J9, 1 t7. th
rmo e, the use of a  central connection of the inlet line 24 to the nozzle
body 26 would increase the pivotal radius, Figures 4 and 5 respectively
show a schematic side view of a nozzle. body 26 and a guide plate  28
attached thereto, and a schematic partial sectional view through the nozzle
body 26 and the  guide plate 28. Fig. 6 shows a schematic front vier; of
the guide plate 28 and the nozzle body  26. As can best be perceived from
Fig. 4, the guide plate 28 comprises a trapezoidal base plate 60  whose
longer side Bees toward the nozzle body 26. The longer side is partly
provided a  layer 62 of hydrophobic material, whereby the layer 62 extends
beyond the lower end of the  base body 60 and ends in a sharp edge 64_ The
base body 60 comprises athrough-here 65 which extends perpendicula:rly
relative i.o the  



main sides and has a semicircular recess for accommodating a ball nut 66 at
the mad thereof  remote from the nozzle body 26, A bolt Eft extends through
the bore 65 in the nozzle body 60  and a corresponding bore 69 in the
nozzle body 16 and is screwed into the ball nut 66, The  guide plate 28 is
held on the nozzle body 26 thereby. The guide plate 28 is hereby pivotal
about  the ball nut 66 to a small extent. The degree to which pivotal
movement can occur is basically  limited by the play of the bolt 68 in the
tl rc tgh bore in the base body 60. The d gree of pivotal  movement is
adjusted by means of a set screw %tj within the nozzle body 26, N,aturaiiy
although only one fixing bolt 68 and one set screw 76 are illustrated in
Fig. 4, a plurality of  fixing bolts and/or set scree.-s can be provided
over the whole width of the guide plate 2$. As can be seen in F'ig. 4, the
ring bops 68 and set screws -110 are located above the nozzles 36  and
above the hydrophobic layer 62. The hydrophobic layer 62 extends downwardly
from the  through-bore in the base body 60.. but nattjrally, it could also
extend above the throughh-bore. A  dove fait groove 72 for accommodating a
round sealing element 74 is provided in the nozzle  body 26, The dove tail
groove 72 is provided in a surface o :the nozzle body 26 facing towards
the guide plate 28 and, in terms of height, is located between the nozzles
'06 and the hares for  accommodating the fixing bolts 68. The, round
sealing element accommodated in the dove tail 7.Ti5612''1'T(~ et`t XV:j
LT:2T 'I'ON: ZT/sZ  ann raIavx t- t'a-v3 , soc7; ~,asita?It O groove 72
seals with respect to the guide plate 2$ and prevents the liquid, _iowir!L
out o: the  nozzles 36 under pressure from flowing upwan-dly. Below the
nodes 36, the nozzle body 26 has a flat wall: 76 which extends
substantially  perpendicularly downwards and ends at a lower edge i8. This
fiat wall together with the guide  plate 28 and particularly with the
hydrophobic layer 62 forms a downwardly xidening gap 80,  as can best be
seer, in Fig. 5. The clap 80 form an acute angle a which preferably lies
between  0.5 and 4 and can be varied by the abovemontioned adjusting
n,eehansia;- Hereby. the angle  can preferably lie between l' and 3 or
between 1.5 and 2-5'. The widening homogeneous liquid film to be formed in
an effective meaner from the liquid issuing from the  nozzles 36, as will
be described in more detail hereinafter. The lower edge 78 of the straight
wall ?6 of the nozzle body 26 ends above the lower sharp edge  64 of the
hydrophobic layer 62 in order to prevent the liquid film that was formed
therebetween  from running unevenly off the lower edge 64 



Fig. 6 shows a scharnatic view of the guide plate 28 and a liquid 1'ihsi.
34 running off it. "he  nozzle body 26 is not perceptible in this view
because it basically lies behind the guide plate 28.  The width of the
guide plate 28 and the nozzle body located behind ii is greater than the
width  of the mask which is to be wetted although the latter is not
illustrated in Fig. 6. As can be seen  from Fig. 6, the liquid film 84
formed on the guide. plate 28 extends over the entire width of the  guide.
plate 28 and has a homogeneous central region 86 as well as
inhomugcno--,,.s boundary  regions 88, this b: ing the result, inter alie,
of the fact that each of the outer nozzles d6 in the  nozzle body 26 only
has one ne.ighbouiin nozzle ea h case. The width of the homogeneous
central region 86 of the liquid film 84 corresponds to at least the width
of the mask which; is to  be wetted in order to ensure homogeneous coating
thereof. This can be achieved by virtue of  the guide plate i8 having a
greater width than the mask: which is to be coated and by virtue of  the
spacing between the outer nozzles 36 in the nuzzle body 26 being gre ate-
than the width of  the mask, lfi as in the device illustrated in Fig. 1,
the nozzle assembly 22 is pivoted over the  mask 2, the length of the
homogeneous central region must naturally be such as to Correspond to  at
least the maximum covering of the mask 2, this being achievable by means of
an appropriate  length of the guide plate and an appropriate spacing
between die outer nozzles. The employment of the nozzle assembly in
accordance with the invention  more detail hernin;alier with the aid of the
Figures. ill be described in Fi.a:stiy, the nozzle assembly 22 is moved out
of the, range o'f vertical movement of the seating  v:echa isin 15.
Subsequently. the seating mechanism 15 is rriued vertically, A mask
requiring  processing 2 is seated on the seating elements 17 of the seating
mechanism n 1 5 by a not OT t13ISFN t K,',-,tad / SoOt, sterfi:)TCS
Z.Td98sc,Togev+ XYd BJ:ST tn07, at;ez illustrated handling robot- The
seating. mech.anistr; 15 is again moved vertically downward so  that, in
terms of height. it is located under the nozzle assembly 22. A treatment
liquid, such as a developer liquid for example, is introduced into the
nozzle body 26  via the inlet line 24. Hereby, the. liquid is introduced
via the supply line 44. The liquid rises  upwardly in the supply line 44
.and then flows via the ieeder lutes 54 into the distributor line H.  The
liquid thus rises against the force of gravity whereby air cavities in the
respective lines are  avoided. From the distributor line 38, the liquid
enters the nozzles 36, whereby the nozzles 36  are filled from the bottom
up due to the upward gradient of the nozzles 36, Again, air cavities in
the l ulrtid are thereby avoided. Moreover, air cavities are prevented by
virtue of the fact that the  



liquid is introduced into the nozzle body 26 at high pressu e. When the
liquid issues from the  outlet ends Si of the nozzles 36, it impinges on
the guide plate 28, and in particular, the  hydrophilic layer 62. Due to
the pressure, the liquid spreads laterally and downwardly along the  guide
plate 28. Upward propagation thereof is prevented by the seal 74. A
homogeneous liquid  film. is thereby formed on the hydrophobic layer 62,
this f. hn then flowing off downwardly. The  homogeneity of the .forming
liquid layer is assisted by the downwardly widening gap 80 which  also
contributes to a calming oIhe curent flow. When the downwardly flowing
liquid film 84 has i'ormcd, the nozzle assembly 22 is pivoted by  means of
the not illustrated pivotal device in such a manner that the 'nozzle body
sweeps over  the entire mask 2 at a uniform speed. The downwardly flowing
liquid film 84 thereby `orms a  homogeneous liquid layer on Fire mask 2.
Prior to the sweep of the nozzle assembly over tl.e mask 2, the distance
between the lower edge  64 of the hydrophobic layer 62 and the top face of
the mask 2 is adjusted by means of the  bellows 19. This distance can be
made very small in order to keep the mechanical force with  which the
liquid film 84 is applied to the surface of the mask: very low. The speed
of flow of the  liquid in the nozzle assembly 22 and hence the speed of
flow car the liquid l::lnz 84, as well as the  speed of the pivotal
movement are selected in such a manner that a liquid layer having a
suitable  layer thickness is formed ot. the mask 2. After the sweep of the
nozzle assembly 22 over the mask 2, the flow of liquid into the nozzle
assembly 22 is switched off and the nozzle assembly 22 is pivoted back into
its starting position,  i.e, acts ide the range of vertical movement of the
seating mechanism 15. Since the nozzle  assembly 2'2 is filled against the
force of gravity', there is no fear of liquid floating out  inadvertently
after the stream of liquid has been switched off s;, that the nozzle
assembly 22 can  be pivoted back safely. TTO`! : i]3I dVN F 'e'd-Va I song
aIaRrtotJc ZTL5a3CPTOZt;;F... Xi'd OZ:9T 9ooZ 7iii;F Subseyuentiy, the mask
2 is further processed in known manner. Finally, the mask 2 is removed
from he device l . Inc invention has bwn described hereinabove with the aid
of a preferred exe-`mpiary,  embodiment of the invention, without being
limited to the concretely illustrated exemplar;  embodiment. For example,
the nozzle assembly in accordance with the invention is also  suitable for
the. wetting of Beni ecnductor wafers or any other types of substrates. in
particular.  the ap 7lication of a wetting liquid in as Force-free a manner
as possible is also necessary for  



semiconductor waf rs since the compon nts l rri led thereon which have di
tensions in the  nanometer range can easily be destroyed. F_u-thernmre, the
provision: oi'a hydrophobic layer 62  on the guide plate 28 is not
absolutely necessarily. Ratllerrtn.?re, the guide' late 28 could be
fo:nned by a base body 60 alone. rnrm 1i'FFdS'P,: + e:I-FS SOC'ZI e 9a;l-TW
ZI~.ESfiTitOZB6'{ xv'i oz :,i t0CZ Zt%"Z Claims A nozzle assembly (22) for
applying; a liquid to a substrate, wherein the nozzle assembly  (22)
comprises a nozzle body (26) incorporating ra plnrabtyof nozzles (36)
located  substantially in a `line and a substantially vertically extending
guide plate (28) having a  flat surface and a. straight lower edge (61) and
wherein the nozzles (36) are directed.  toward: the flat surface of the
guide plate (28) above the lower edge (64) so that a liquid  film. (84)
forms on the guide plate (28) and flows off over the lower edge (64). 2. A
nozzle assembly (22) in accordance with Claim 1, characterised in that a
dowwriwardly  widening gap (80) is formed between the nozzle body (26) and
the guide plate (28) A nozzle assembly (22) in accordance with Claim 2,
characterised in that the widening  gap (8:tj is formed by a flat surface
(76) of the nozzle body (26) and the flat surface of  the guide plate (28)
which are arranged at an acute angle (a) relative to one another, 4. A
nozzle assembly (22) i accordance with Claim 3, cbbarnsterised in that the
angle (a) is  adjustable. S. A nozzle assembly (22) in accordance with
Claim 3 or 4, characterised in that the angle  (a) lies between 0,5 and 4,
preferably between 1' and 6. A nozzle assembly (22) in accordance with.
Claim 5, characterised in that the angle (a)  lies between 1,5` and 2.S', A
nozzle assembly (22) in accordance with any of the Claims 3 to 6,
characterised in that  the flat surface of the guide plate (28) extends
downwardly over the entire flat surface  (76) of the nozzle body (2o ). 8.
A nozzle assembly (22) in accordance with any of the preceding Claims,
characterised in  that the c tide plate (26) is attached directly to the
nozzle body (26). 9. A nozzle assembly (22i in accordance with Claim 87
characterised in that the ?aide plate  (26) is attached to the nozzle body
(26) above the nozzles (36). 10, A nozzle assembiv (22) in accordance w:th
any of the preceding Claims, characterized  by a seat (74) which is located
above the nozzles (36) between the nozzle body (26) and  



the guide plats (28). 71TI6Z  r rraaTdt:v F I'd-t`d 900 3JasrgDjt
ZTLsSSVPiO ST* `va Tz:ST ton 11, A ,nozzle assembly (22) in accordance With
Claim 10, cnarata'cnzed by a recess in the  nozzle body (26) for
accommodating the seal (74). 12. A nozzle assernb':y (22) in accordance
with either of the Claims 10 or 11. characteris d  in that the seal (74)
has a round cross section. 13, A aozzl assembly (22) in accordance with any
of the pre edin; t;laims, characterised in  that the nozzles (36) are
formed by straight passages in the nozzle body (26), whereby,  in terms of
height, an inlet end (50) of the passage lies below an, outlet end (511.
14. A nozzle assembly (22) in accordance with Claim 13, characterized in
that the inlet ends  (50) of the nozzles (36) flow into a common
distributor line (38) which has a  substantially larger cross section than
the respeelive nozzles (36). 15. A nozzle assembly (22) in accordance with
Claim 14, characterised in that the inlet ends  (50) of the nozzzles (36)
lie at or in the proximity o" a highest point of the distnbutor line 16. A
nozzle. assembly (22) in accordance with either of the Claims 14 or 15,
characterised  by a supply line (44) which is located below the distributor
line (38) and is connected by  a plurality of feeder lines (54) to the
distributor line (38). 1.7. A nozzle assembly (22) in accordance with Claim
16, c:haractec-ised in that the feeder  lines (54) are evenly spaced over
the entire length ci tl;e. distributor line (3$) A nozzle assembly (22) in
accordance with any of the preceding Claims, characterised in  that at
least one surface of the guide plate (28) directed toward the nozzles (36)
consists  of a hydrophilic layer (62"p. 19, A nozzle assembly (22) in
accordance with any of the preceding Claims, characterized  by a mechanism
for producing a relative movement be weer the substrate (2) and the  nozzle
assembly (22). A nozzle assembly (22) in accordance with Claim
characterised in that t:,  20, mechanism comprises a unit for moving the
nozzle assembly (22) substantially parallel  to the surface of the
substrate (2:), 7.1.. nozzle ,assembly (221 in accordance with Claim 19 or
20, ch, racterized by a hnear- 



movement unit for moving the substrate (2) and'or the nozzle assembly (22).
h tS flF.e <- U',!-5!,: : SOON a1<'!G :)TA 7": !.CC~i tiT(l7f '- YVT ^.:CF
f-nip 7T,t7 A nozzle assembly (22) in accordance with Claiki 20,
criaracwrised in that the nozzle  body (26) and the guide plate (28) are
attached to a pivotal a nn (32): 23. A nozzle assembly (22) in accordance
with any of the preceding Claims, characterised in  that the guide plate is
wider (28) than the substrate (2). 24. A nozzle assembly (22) in accordance
with any of the preceding Claims, characterised in  that the outertrlost
nozzles (36) along the line are spaced by .e distance which is greater
than the width of the substrate (2). A nozzle assembly (22) in accordance
with any of the preceding Claims; characterized  by a mechanism (19) for
adjusting the spacing between the lower edge (64) of the guide  plate (28)
card the substrate (2). 26. A no, zle assembly (22) in accordance with any
of the preceding Claims, characterised in  that the louver edge (64) of the
guide plate (28) is a sharp edge. 27. A nozzle assembly (22) in accordance
with any of the preccding Claims, characterized  by a mechanism for opening
and closing pre-determined nc,zzies, and in p artiuilar, the  outermost
nozzles. 28. A nozzle assembly (22) in accordance with any of tLe preceding
Claims, characterised in  that an angle !within the range of 90 to 94, and
preferably between 90.5' and 93 is  famed bet-ween the nozzles 06) and the
guide plate (28). 29. A nozzle assembly (22) in accordance with any of the
preceding Claims, characterised in  that the angle ties between 190.5 and
92. ern l TE"41v. , W: -4 1 CO+tV w?C~Wpnrm 


