
16 DEC 2005 P59885NL00 Title: Method and apparatus for manufacturing a
display, such as, for  instance, a polymer OLED display, a display and a
substrate for use  in the method. This invention relates to a method for
manufacturing a display, such  as, for instance, a polymer organic light
emitting diode, comprising a  substrate on which a structure, such as, for
instance, a matrix structure in  relief, is provided, which structure bounds
a number of areas, wherein, with 5 the aid of an inkjet printhead, an amount
of liquid is deposited substantially  onto each area. This invention also
relates to an apparatus for carrying out such a  method, the apparatus being
provided with a table for placing a substrate  thereon, with an inkjet
printhead for delivering liquid at a desired time, and 1 o with a
displacement assembly for displacing the printhead relative to the
substrate. The substrate known per se comprises a transparent glass plate on
which line-shaped, parallel transparent conductors are provided, which  have
a height of about 100 nm and which are made of Indium Tin Oxide 15 (ITO) or
other transparent, conductive material. Next, at right angles to the
conductors, line shaped, parallel, insulating shadowing structures have
been applied, having a height of about 1- 2 m. Thus, between the shadowing
structures and the conducting paths,  areas are formed having a length and a
width of from 5 to some 400 m.  20 Optionally, on top of the transparent
conducting paths and under the shadowing structures, a buffer layer may be
provided, having a height of  0.5 - 5m, in which recesses have been provided
within the areas  mentioned earlier. The recesses extend to the depth of the
conductor  mentioned earlier, so that pits bounded on five sides are formed.
To make a 25 polymer OLED display from the substrate, each area is to he
filled with a  polymer conductor (PDOT) and an organic electroluminescence
medium  



(PPV), In a monochrome display a. single typo of PPV is deposited in all 1 6
DEC 2055 2 areas, A color display involves several types of PPV that emit
different  colors of light (for instance red, green and blue PPV). These
types of PPV  are to be deposited in different areas. In the known method
and apparatus for filling the areas of a s substrate from which a display is
being manufactured, use is made of an  inkjet printhead which is movable
relative to the table on which the  substrate is accurately positioned. The
table is provided with an electronic  ruler, so that the position of the
printhead relative to the table is known. In  practice, it has been found
that under the influence of various disturbing is influences, such as, for
instance, temperature variations in the substrate, an  incorrect alignment
of the substrate on the table and mechanical  inaccuracies in the transport
system of the table and/or the printhead, the  liquid to be delivered by the
printhead is not deposited in the areas on the  substrate with sufficient
accuracy (accuracies between 1/10 and 1/1000 of 15 the length or width of
the areas are desired). If any one of the areas of the  substrate is not
properly filled with liquid, such as, for instance, P dot or red,  green or
blue PPV, the display will have to be rejected. It is therefore of
essential importance that each area of the substrate can be accurately
filled  with the liquid. Especially when the substrates are greater, there
is a 20 substantial chance of defects owing to the disturbing influences
mentioned  earlier, such as temperature variations in the substrate, an
incorrect  alignment of the substrate on the table and mechanical
inaccuracies in the  transport system. To date, it has been attempted to
tackle these problems  by using a very accurate transport mechanism and very
stable tables, 25 However, practice has taught that these measures offer
insufficient solace.  The object of the invention is to provide a method and
an apparatus  by means of which the liquid to be deposited in the areas is
deposited  accurately in each area without such accurate delivery of the
liquid being  



compromised by disturbing influences such as temperature variations, an 16
DEC, 2005 3 incorrect alignment of the substrate on the table and mechanical
inaccuracies in the transport system or the printhead. To that end,
according to the invention, the method of the type  described in the opening
paragraph hereof is characterized in that with the  5 aid of at least one
sensor, of which the position is fixed relative to the printhead, a
measurement is performed on the substrate to determine the  position of a
respective area, and on the basis of the thus determined  position the
printhead is controlled to deliver an amount of liquid at the  correct
place. The apparatus of the type described above is characterized, 10
according to the invention, in that it is provided with at least one sensor
and  a control for processing the signals produced by the at least one
sensor, for  controlling the displacement of the displacement assembly, and
for timing  the delivery of liquid by the printhead on the basis of the
signals produced  by the at least one sensor, wherein the position of the at
least one sensor is )5 fixed relative to the printhead. The at least one
sensor is positioned fixedly  with respect to the printhead, so that in the
case of a movably arranged  printhead, the at least one sensor follows each
movement of the printhead  which is important to obtain the required
accuracy. In the most common  cases, this sensor will be a sensor which
gives a signal on edges of the areas 20 (the edge of the conductor or the
edge of the shadowing structure). These  transitions are observed by this
sensor with an accuracy sufficiently high for  the application. In other
cases, the sensor can be of a type which can also  determine its position
within the areas, As the method and apparatus according to the invention
involve  ?S measurement on the substrate itself, in accordance with a
further  elaboration preferably on the relief structure defining the
position of the  areas, it is known to the control with high accuracy where
the areas are  situated and consequently at what time the printhead is to be
actuated to  



deliver an amount of liquid. Even when due to temperature variations in 30
the substrate the structure has obtained a different shape than would be 1 6
DEC 7005 4 expected under normal circumstances, such different shape is
observed by  the at least one sensor and the delivery of the liquid is timed
by the control  of the printhead, such that the liquid is still deposited at
the correct position  in the area. This compensation also works when the
substrate is positioned 5 on the table in imperfect alignment or when play
arises in the transport  system. It is noted that the structure can also be
a reference structure  provided on the substrate especially for that
purpose. In that case, it is  important that this reference structure is not
only provided very locally but, to also extends substantially throughout the
length and width of the functional  structure, for instance along the edges
of the functional structure or within  the functional structure, so that the
reference structure can be related  accurately, and also substantially in
situ, to the functional structure. To  that end, the functional structure
can optionally be optimized for 15 observation with the aid of sensors, for
instance by including an encoder  marking within the structure. Accordingly,
the invention also relates to a substrate having such a  functional
structure optimized for sensor observation, Further, it is to be noted that
the invention is applicable not only  20 with the above described known
substrate of a passive polymer OLED  display but also with more complex
substrates, such as, for instance, an  active matrix polymer OLED display,
where more conductors are situated in close mutual proximity and thin film
transistors with complete electronic  circuits are situated in the areas
referred to, These more complex structures  25 can also he used for
observation of the position by means of sensors and, based on this
observation, timing and positioning the delivery of the liquid.  Further,
according to a further elaboration of the invention, it is  



favorable when the displacement assembly is arranged for displacing the
printhead relative to the substrate in a principal direction of movement,
.10 while two first sensors are provided which are designed for determining
the 16 DEC 2005 5 skew of the structure relative to the principal direction
of movement, and  the control is arranged for timing the delivery of the
liquid by the printhead,  such that the determined skew is compensated.
Preferably, the two first  sensors of the pair are then mutually spaced
apart such a distance that one 5 sensor observes the shadowing structures on
a first side of the printhead  while the other sensor of the pair of sensors
observes the shadowing  structures on a second, opposite side of the
printhead, Specifically when the  printhead is provided with a number of
nozzles arranged next to each other,  it is of particular importance to
determine the skew of the structure with 10 the two sensors and, depending
thereon, to control the time when the  nozzles deliver the liquid, because
in this way skew of the substrate relative  to the row of nozzles can be
compensated. Essentially, the skew is determined by the time difference
between  the trigger signals of the two sensors. These trigger signals are
produced at  15 the time when a sensor passes a flank of a shadowing
structure. According to another further elaboration of the invention, at
least one  second sensor is provided for observing the position of the
structure in a  transverse direction extending perpendicularly to the
principal direction of  movement, while the displacement assembly is
designed in such a manner 20 that the printhead is displaceable in the
transverse direction relative to the  substrate by displacement of either
the printhead or the table, and the  control is designed for controlling the
displacement in transverse direction  on the basis of the position of the
structure as observed by the at least one  second sensor. This second sensor
can observe, for instance, the position of a 35 conducting path (ITO
conductor) on the substrate. Optionally, two second  sensors can be
provided, of which one is directed at a conducting path and  



the other is directed between two conducting paths, the signal difference
between the two sensors being used to control an actuator which displaces
either the table or the printhead in transverse direction to keep the 30
difference signal constant. I 0 DE' 25'05 6 Naturally, within this
elaboration, it is also possible to rotate the  principal direction of
movement 90 degrees, with the first sensor detecting  the transitions of the
conducting paths and the second sensor measuring the  position in transverse
direction of the printhead relative to the shadowing 5 structures. According
to a still further elaboration of the invention, for each  nozzle of the
printhead, a third sensor corresponding to that respective  nozzle is
provided for the purpose of determining properties of the liquid  delivered
by the nozzle. These properties can be, for instance, the color, the 10
volume, the layer thickness and/or the position of the liquid delivered, It
is  then preferred for the control to be designed to control the delivery of
the  liquid of a respective nozzle on the basis of the signals produced by
the third  sensor corresponding to the respective nozzle, These signals may
then  influence both the amount of liquid and the time of delivery of the
liquid. 15 According to a further elaboration of the invention, at least one
of the  sensors maybe designed as an optical pickup unit as used in a CD-ROM
drive or DVD drive. Besides optical measuring principles, other principles
are eligible for the sensors, such as, for instance, capacitive and magnetic
principles. Different properties of the areas can be measured to determine
20 their position, such as structure height, difference in reflection,
absorption,  capacitance, induction or magnetic field (eddy currents). The
invention also relates to a display obtained with the method  according to
the invention utilizing the apparatus according to the invention  and to a
substrate provided with a structure defining the areas mentioned 25 and
which is provided with a reference structure extending adjacent or  



between the area  defining structure. The invention will presently be
further clarified on the basis of an  exemplary embodiment represented in
the drawing. Fig. I shows a diagrammatic top plan view of a substrate with
an  30 inkjet printhead advancing relative thereto; and I E. 0 1- C 2 0"J'5
7 Figs, 2-4 schematically show in top plan view a number of variants of  a
possible print head design. Fig, I schematically shows a top plan view of a
substrate I having  provided thereon shadowing structures 2 each forming a
line - shaped ,5 elevation on the substrate 1. Also provided on the
substrate are conducting  paths 3, which, together with the shadowing
structures 2, form a matrix  structure bounding areas 4 in which liquid such
as P dot and. subsequently  red, green or blue PPV are to be deposited. To
that end, the  diagrammatically represented exemplary embodiment comprises
an inkjet l0 print head 5 which has a number of nozzles 6. Fixedly connected
with this  inkjet print head 5 are a number of sensors 7, T, 8, 8' and 9.
The first  sensors 7, Tare mutually spaced apart, such that one sensor 7 is
situated  adjacent a first side of the print head 5 while the other sensor
Tis situated  adjacent a second, opposite side of the print head 5. Thus,
the skew in the is working area of the print head can be observed. It is
also Possible for the two  first sensors 7, 7' to be connected with the
printhead 5 such that they are  situated above two opposite sides of the
substrate. Thus, skewness of the  entire substrate can be observed. The
sensors 7, 7can be designed, for  instance, as an optical pickup unit as
used In a CD or DVD drive, The 20 sensors 7, 7 produce a signal when the
sensors 7, 7 pass a flank of a  mushroom structure 2. With such sensors 7,
T, the position of the flank& can  be observed with an accuracy of 0, 1- 10
~um, Of the second sensors 8, 81, one is directed at a conducting path 3 and
another is directed between two conducting paths 3, On the basis of the 



25 difference signal between the two second sensors 8, 8', a transverse
alignment control 10 controls the transverse position of the inkjet
printhead  5 relative to the substrate 1 through operation of an actuator~
11. This  actuator 11 can engage either the printhead 6 or the table on
which tho  substrate 1 has been placed. For each nozzle 6, a third sensor 9
is provided ,0 on the print head 5. With the aid of these third sensors 9,
for instance the 16 DEC 2005 s volume, the color and/or the position of a
delivered quantity of liquid can be  measured, On the basis of the signals
coming from the first sensors 7, 7' and  the third sensors 9, a control 12
calculates the delay times and amplitudes  of the signals controlling the
inkjet printhead nozzles 6. These signals are 5 stored in a buffer 13 to be
subsequently delivered to the nozzles 6 depending  on a trigger signal 14
from one of the first sensors 7'. With such a closed loop  control, a very
accurate delivery of liquid onto the substrate I is  accomplished. It is
possible here for the printhead 5 to be moved over the  substrate 1 with a
constant speed V, for instance through displacement of to the substrate 1 or
through displacement of the printhead 5. Further, it is  possible to fill
the areas 4 in several passes by moving the substrate 1  relative to the
printhead 5 several times, Such a multipass operation  enables the use of a
relatively simple printhead 5. Such a multipass  operation was not properly
possible in the known method because the 5 processing operation then took so
long that the substrate, under the  influence of temperature changes, was
subject to changes in shape that led  to an incorrect deposition of the
liquid. That problem has presently been  solved since, according to the
invention, to control the delivery of the liquid,  a measurement is
performed on the structure of the substrate, The 20 advantage is that a
relatively simple printhead is less susceptible to failure  than, for
instance, a complex head having 256 nozzles. Naturally, the  invention can
also be of use for an apparatus provided with a combined  inkjet printhead
which deposits both the Pdot and the PPV or several colors  



of PPV in a single pass, 25 Examples of printheads are represented in Figs.
2-4. Fig. 2 shows a  top plan view of a printhead 5 having a single nozzle
6, a single first sensor  7 additionally having the function of second
sensor, and a single third sensor 9, 9 Fig, 3 shows a top plan view of a
print head in which the nozzles 6,  viewed in the direction of movement, are
arranged In line behind each other,  &o that in succession different liquids
can be delivered in a single pass. Fig. 4 shows a top plan view of a
combined print head 5, where two 5 first sensors 7, 7' are fitted on a main
frame part 15 of the print head 5, and  where each nozzle 6 is arranged in
the main frame part 15 so as to be  movable in a subframe 16. Connected with
the subframe 16 in each case are  a second sensor 8 and a third sensor 9, It
will be clear that the invention is not limited to the exemplary  10
embodiment described but that various modifications are possible within  the
scope of the invention as defined by the claims. Thus, the invention also
encompasses the variants only provided with a single sensor or two types of
sensors, Naturally, the method is also applicable with liquids not
containing  any polymers or like organic substances, a case in point being,
for example,  E-ink displays. 16 DEC 2 0 0 5 10 CLAIMS 1. A method for
manufacturing a display comprising a substrate on  which a structure, such
as, for instance, a matrix structure in relief, is  provided, which
structure bounds a number of areas, wherein, with the aid  of an inkjet
printhead, substantially in each area an amount of liquid is 5 deposited,
characterized in that with the aid of at least one sensor, of which  the
position is fixed relative to the printhead, a measurement is performed  on
the substrate to determine the position of a respective area, and on the  



basis of the thus determined position the printhead is controlled to deliver
an amount of liquid at the correct place, 10 2. A method according to claim
1, wherein the at least one sensor  performs a measurement on the structure
provided in relief, or on a  reference structure extending adjacent or
between the area-defining  structure. 3. A method according to claim 1 or 2,
wherein the printhead is provided  15 with a number of nozzles arranged next
to each other, such that a number of  areas can be filled substantially
simultaneously, and wherein two first sensors are provided by means of which
the skew of the structure is  determined and, depending thereon, the time of
actuation of the nozzles is  controlled, such that the skew relative to the
printhead is compensated. 20 4. A method according to any one of the
preceding claims, wherein the  printhead is displaced in a particular
principal direction of movement  relative to the substrate, wherein at least
one second sensor is provided for  observing the position of the structure
in a transverse direction, extending  perpendicularly to the principal
direction of movement, whilst the print heaad 25 is displaceable in the
transverse direction relative to the substrate by  displacement of either
the printhead or the table, the displacement in  transverso direction being
controlled on the basis of the position of the 16 DEC 2005 11 structure as
observed by said at least one second sensor. 5. A 'method according to any
one of the preceding claims, wherein third  sensors are provided for
measuring a property, such as, for instance, the  color, the position of
deposition, the volume and/or the layer thickness, of 5 liquid already
deposited in an area. 6. A method according to claim 5, wherein on the basis
of the observed  property the amount of liquid to be delivered by the
printhead and/or the  time of delivery is controlled. 7, An apparatus for
carrying out the method according to any one of the  



10 preceding claims, wherein the apparatus is provided with a table for
placing  a substrate thereon, with an inkjet printhead for delivering liquid
at a desired time, and with a displacement assembly for displacing the
printhead  relative to the substrate, characterized by at least one sensor
for observing a  structure provided on the substrate, and a control for
processing the signals 15 produced by the at least one sensor, for
controlling the displacement of the  displacement assembly and for timing
the delivery of liquid by the  printhead on the basis of the signal produced
by the at least one sensor,  wherein the position of the at least one sensor
is fixed relative to the  printhead. 20 8, An apparatus according to claim
7, wherein the displacement  assembly is designed for displacing the
printhead relative to the substrate  in a principal direction of movement,
while two first sensors are provided  which are arranged for determining the
skew of the structure relative to the  principal direction of movement, the
control being arranged for timing the 25 delivery of the liquid by the
printhead, such that the determined skew is  compensated. 9. An apparatus
according to claim 8, wherein at least one second sensor  is provided for
observing the position of the structure in a transverse  direction extending
perpendicularly to the principal direction of movement, 30 the displacement
assembly being so designed that the printhead is 16 DEC 2005 12 displaceable
in the transverse direction relative to the substrate by  displacement of
either the printhead or the table, the control being arranged  for
controlling the displacement in transverse direction on the basis of the
position of the structure as observed by said at least one second sensor, 5
10, An apparatus according to any one of claims 7-9, wherein for each
nozzle of the printhead a third sensor, corresponding to that respective
nozzle, is provided for determining properties of the liquid delivered by
the  nozzle. 



11. An apparatus according to claim 10, wherein at least one of the 10
properties to be observed is the color, the volume, the layer thickness
and/or  the position of the liquid delivered. 12. An apparatus according to
claim 10 or 11, wherein the control is  arranged for controlling the
delivery of the liquid of a respective nozzle on  the basis of the signals
produced by the third sensor corresponding to the  15 respective nozzle. 13.
An apparatus according to any one of claims 7-12, wherein at least  one of
the sensors is an optical pickup unit as used in a CD-ROM or DVD  drive. 14.
An apparatus according to any one of claims 7-13, wherein at least  20 one
of the sensors is a capacitive or eddy current sensor having a high
position accuracy. 15. A display obtained with the aid of the method
according to any one of  claims 1-6, utilizing an apparatus according to any
one of claims 7-14. 16. A substrate for use in the method according to any
one of claims 1-6,  25 provided with a structure defining said areas and
provided with a reference  structure extending near or between the
area-defining structure. 17. A substrate according to claim 16, wherein the
reference structure  has been incorporated onto or in the area-defining
structure, such that it,  optimizes the area-defining structure for sensor
observation. 30 


