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PIXEL DRIVER CIRCUIT FOR ORGANIC ELECTRO - LUMINESCENT DISPLAY

FIELD OF THE INVENTION

This invention relates to active matrix OLED (Organic Light Emitting Diode) displays, in

particular to a system and method for driving pixels of an OLED display.
BACKGROUND

Recent years have seen very substantial growth in the market for displays as the quality
of displays improves, their cost falls, and the range of applications for displays increases.
This includes both large area displays such as for TVs or computer monitors and smaller

displays for portable devices.

The most common classes of display presently on the market are liquid crystal displays
and plasma displays although displays based on organic light-emitting diodes (OLEDs)
are now increasingly attracting attention due to their many advantages including low
power consumption, light weight, wide viewing angle, excellent contrast and potential for

flexible displays.

The basic structure of an OLED is a light emissive organic layer, for instance a film of a
poly (p-phenylenevinylene) ("PPV") or polyfluorene, sandwiched between a cathode for
injecting negative charge carriers (electrons) and an anode for injecting positive charge
carriers (holes) into the organic layer. The electrons and holes combine in the organic
layer generating photons. In WQ90/13148 the organic light- emissive material is a
conjugated polymer. In US 4,539,507 the organic light-emissive material is of the class
known as small molecule materials, such as (8-hydroxyquinoline) aluminium ("Alg3"). In
a practical device one of the electrodes is transparent, to allow the photons to escape the

device.

A typical organic light-emissive device ("OLED") is fabricated on a glass or plastic
substrate coated with a transparent anode such as indium-tin-oxide ("ITO"). A layer of a

thin film of at least one electroluminescent organic material covers the first electrode.

CONFIRMATION COPY
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.Finally, a cathode is provided over the layer of electroluminescent organic material. The
cathode is typically a metal or alloy and may comprise a single layer, such as aluminium,
or a plurality of layers such as calcium and aluminium. Additional layers may be
provided between the anode and cathode, in particular charge transporting and / or charge

blocking layers.

The device may be pixellated with red, green and blue electroluminescent subpixels in

order to provide a full colour display.

Full colour liquid crystal displays typically comprise a white-emit{ing backlight, and light
emitted from the device is filtered through red, green and blue colour filters after passing

through the LC layer to provide the desired colour image.

A full colour display may be made in the same way by using a white or blue OLED in
combination with colour filters. Moreover, it has been demonstrated that use of colour
filters with OLEDs even when the pixels of the device already comprises red, green and
blue subpixels can be beneficial. In particular, aligning red colour filters with red
electrolﬁminescent subpixels and doing the same for green and blue subpixels and colour
filters can improve colour purity of the display (for the avoidance of doubt, “pixel” as
used herein may refer to a pixel that emits onfy a single colour or a pixel comprising a
plurality of individually addressable subpixels that together enable the pixel to emit a

range of colours).

Downconversion, by means of colour change media (CCMs) for absorption of emitted
light and reemission at a desired longer wavelength or band of wavelengths, can be used

as an alternative to, or in addition to, colour filters.

One way of addressing displays such as LCDs and OLEDs is by use of an “active matrix”
arrangement in which individual pixel elements of a display are activated by an
associated thin-film transistor. The active matrix backplané for such displays can be
made with amorphous silicon (a-Si) or low temperature polysilicon (LTPS). LTPS has
high mobility but can be non-uniform and requires high processing temperatures which

limits the range of substrates that it can be used with. Amorphous silicon does not
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require such high processing temperatures, however its mobility is relatively low, and can
suffer from non-uniformities during use due to aging effects. Moreover, baékplanes
formed from either LTPS or a-Si both require processing steps such as photolithography,
cleaning and annealing that can damage the underlying substrate. In the case of LTPS, in

particular, a substrate that is resistant to these high-energy processes must be selected.

An alternative approach to patterning is disclosed in, for example, Rogers et al, Appl.
Phj/s. Lett. 2004, 84(26), 5398-5400; Rogers et al Appl. Phys. Lett. 2006, 88, 213101-
and Benkendorfer et al, Compound Semiconductor, June 2007, in which silicon on an
insulator is patterned using conventional methods such as photolithography into a
 plurality of elements (hereinafter referred to as “chiplets”) which are then transferred to a
device substrate. The transfer printing process takes place by bringing the plurality of
chiplets into contact with an elastomeric stamp which has surface chemical functionality
that causes the chiplets to bind to the stamp, and then transferring the chiplets-to the
device substrate. In this way, chiplets carrying micro- and nano-scale structures such as
display driving circuitry can be transferred with good registration onto an end substrate

which does not have to tolerate the demanding processes involved in silicon patterning.

The activation of the individual pixel, or sub-pixel, elements of the display by the
associated thin-film transistors can be controlled by the display driving circuitry of the
chiplets controlling the amount of charge supplied to the OLED by controlling the current
supplied to the OLED. A problem which has been encountered with this approach is that
the amount of current passing through the transistors of the display driving circuitry of
the chiplets to the OLED display elements can be variable, and the piesent inventors have
found that this variability may be due at least in part to a variation in the conductance (or

matching) of the transistors resulting in uneven brightness.

This variation in the amount of current supplied by transistors of different chiplets can
arise, for example, because the chiplets are formed from different regions of a
semiconductor wafer, or from different wafers, so that there are differences in their

performance characteristics "due to variations in the manufacturing process.
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Conventionally, these differences can be corrected by current mirroring techniques using
pairs of transistors formed close together on a single semiconductor wafer so that their
properties are closely matched, however this is undesirably costly and complicates the

backplane layout.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is provided a drive circuit as specified in

claim 1. The drive circuit comprises:

a capacitor having a first terminal and a second terminal, the second terminal

being connected to the OLED element;

a voltage source adapted to selectively provide a control voltage Vp lower than the

switch on voltage of the OLED element to the second terminal of the capacitor; and

a voltage square wave signal source adapted to provide a square wave voltage
signal alternating between a high voltage Vi and a low voltage V. to the first terminal of

the capacitor;

wherein the voltage source provides the control voltage Vp to the second terminal
of the capacitor when the square wave voltage signal provided to the first terminal of the

capacitor is at the low voltage Vy; and

when the square wave voltage signal provided to the first terminal of the capacitor
increases (o the high voltage Vi, the voltage at the second terminal of the capacitor is
increased to a voltage higher than the switch on voltage of the OLED element so that the

OLED element emits light.

Preferably, the voltage source comprises or consists of a transistor.
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Optionally, the voltage source is a chiplet.

Optionally, the square wave voltage signal provided to the first terminal of the capacitor
increases to the high voltage Vy, the voltage at the second terminal of the capacitor is

increased to a voltage of Vp + k(Vy — Vi), where k is a constant less than one.

Optionally, after the voltage at the second terminal of the capacitor is increased to a
voltage higher than the switch on voltage of the OLED element, the circuit is arranged to
allow the capacitor to discharge through the OLED element until the voltage of the
second terminal of the capacitor reaches the switch on voltage of the OLED element
before the square wave voltage signal provided to the first terminal of the capécitor

reduces to the low voltage V.

Optionally, after the voltage source provides the control voltage the circuit is arranged to
allow the capacitor to charge until the voltage of the second terminal of the capacitor
reaches the control voltage Vp before the square wave voltage signal provided to the first

terminal of the capacitor increases to the high voltage Vy.

Optionally, the voltage square wave signal source is adapted to provide a square wave

voltage signal spending an equal time at the high ‘voltage Vy and at the low voltage V.

Optionally, wherein the voltage square wave signal source is adapted to provide a square
wave voltage signal spending a different time at the high voltage Vi and at the low

voltage V.

Optionally, the drive circuit is to drive a plurality of OLED elements, the drive circuit

comprising;:

a plurality of capacitors, each having a first terminal and a second terminal, the

second terminal of each capacitor being connected to a respective OLED element;

a plurality of voltage square wave sources adapted to provide a plurality of square
wave voltage signals, each voltage square wave source providing a respective square

wave voltage signal alternating between a high voltage Vi and a low voltage V. to the
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first terminal of a respective one of the plurality of capacitors, the plurality of voltage
square wave sources being adapted so that the plurality of square wave voltage signals
are out of phase; the voltage source adapted to selectively provide a control voltage Vp to
the respective second terminal of each capacitor when the square wave voltage. signal

provided to the first terminal of said capacitor is at the low voltage Vy.

Optionally, the voltage source is adapted to selectively provide a control voltage Ve to the
respective second terminal of each capacitor when the square wave voltage signal
provided to the first terminal of said capacitor is at the low voltage Vi, and the square
wave voltage signals provided to the first terminals of the other capacitors of the plurality

of capacitors is at the high voltage Vu.

Optionally, the drive circuit.further comprises a plurality of isolating diodes each
arranged to isolate a high voltage at the first terminal of one of said plurality of capacitors

from the voltage source.
Optionally, the capacitor comprises a diode arranged to always be in reverse bias.

Optionally, each said capacitor comprises a diode formed in a single stack with the

respective OLED.
Optionally, said stack further comprises an isolating diode.
Optionally, the drive circuitry comprises a-Si or LTPS.

In a second aspect the invention provides a backplane of an OLED display comprising 2

plurality of drive circuits according to any preceding claim.

In a third aspect the invention provides an active matrix display comprising:a backplane

according to the second aspect; and a plurality of OLED elements.

Further advantages and novel features can be found in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and as to how the same may be carried into
effect, reference will now be made, by way of example only, to the accompanying

drawings, in which:

Figure 1 shows an OLED and a driving circuit according to a first aspect of the present

invention;

Figure 2 shows an OLED and driving circuit according to a second embodiment of the

invention;

Figure 3 shows a circuit arrangement according to a third embodiment of the invention

which can be used in the second embodiment; and

Figure 4 shows a physical structure according to a fourth embodiment of the invention

which can be used to provide the third embodiment.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a drive circuit arrangement according to an embodiment of the present
invention. The drive circuit comprises a chiplet 10 of a backplane of an active matrix
OLED display which drives a pixel OLED 11. The chiplet 10 is connected to the OLED
11 by a conductive line 12, and the conductive line 12 is also connected to a capacitor 13.

The OLED 11 is connected between the conductive line 12 and an earth plane 15.

The capacitor 13 is also connected to a capacitor driver line 16, which is driven with a
voltage square wave alternating between a low voltage level Vy and a high voltage level

V4. The low voltage level V. can conveniently be OV, but this is not essential.

Thus, the capaéitor 13 has a first terminal A connected to the capacitor driver line 16, and

a second terminal B connected to the driver circuit of the chiplet 10 and the OLED 11.

In operation, when it is desired to illuminate the OLED 11, a driver circuit of the chiplet

10 is activated when the square wave voltage on the capacitor driver line 16 is at the low
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voltage level Vi, The driver‘ circuit typically comprises a transistor 14, and the driver
circuit is activated by switching on the transistor 14. The driver circuit applies a control
voltage Vp to the terminal B of the capacitor 13, the control voltage Vp is lower than the
turn-on voltage of the OLED 11. The chiplet 10 driver circuit is then deactivated by
switching off the transistor 14 béfore the square wave voltage on the capacitor driver line

16 changes to the high voltage level V.

When the square wave voltage on the capacitor driver line 16 applied to the terminal A of
the capacitor 14 increases to the high voltage level Vi the voltage at the terminal B of the
capacitor 13 will also increase. The voltage at the terminal B will increase from Vp to Vp

+ k(Vy — V0). Thus, the circuit is driven to act as a charge pump.

The constant K is less than one so that the increase in the voltage at the terminal B will be
Jeas than the difference between Vg and V.. The value of k is determined by the relative
values of parasitic capacitance, which in this example is mainly parasitic capacitance of
the OLED 11, and the capacitance of the capacitor 13. In practice the OLED 11 will
generally have a relatively large parasitic capacitance because of its geometry. The

voltage k(Vy — V1) is arranged to be lower than the turn on voltage of the OLED 11.

The voltage Vp + k(Viy — V1) is arranged to be higher than the turn-on voltage of the
OLED 11. Accordingly, the capacitor 13 will discharge through the OLED 11 so that
charge will flow from the capacitor 12 through the OLED 11 to earth 15, céusing the
OLED 11 to emit light. This flow of charge will cause the voltage at the terminal B of the
capacitor 13 to drop as the capacitor 13 discharges. The charge will continue to flow, and
the OLED 11 will remain illuminated, until the voltage at the terminal B is reduced to, or

below, the turn-on voltage of the OLED 11.

The voltage at the terminal B may be reduced to the turn-on voltage of the OLED 11,
switching off the OLED 11, as a result of the discharge of the capacitor 13 through the
OLED 11. In this case the OLED 11 will switch off and stop passing current and emitting
light when the voltage at terminal B reaches the turn-off voltage of the OLED 11, and
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subsequently the square wave voltage on the capacitor driver line 16 will transition back

to VL.

Alternatively, the voltage at the terminal B may be reduced below the turn-on voltage of
the OLED 11, switching off the OLED 11, by the transition of the square wave voltage
on the capacitor driver line 16 back to V. This transition will reduce the voltage at the

terminal B to below Vp, which is below the turn-on voltage of the OLED 11.

Which of these two alternatives will be followed by any particular system in practice will
depend on the specific parameter values of the different parts of the system, for example

the voltage and frequency values of the square wave voltage.

Once the square wave voltage on the capacitor driver line 16 has changed back to Vi, the

cycle is repeated.

When it is not desired to illuminate the OLED 11, the driver circuit in the chiplet 10 is
not activaied. Accordingly, when the square wave voltage increases to Vi the voltage at
the terminal B of the capacitor 13 only increases to k(Vy — V), which is below the turn

on voltage of the OLED 11.

In the present invention the amount of charge passing through the OLED 11, and thus the
amount of light emitted, during each cycle of the square wave voltage signal will be
proportional to the voltage difference Vy — Vi and the capacitance of the capacitor 13.
Provided that the current passing through the transistor 14 of the chiplet 10 is sufficient to
charge the terminal B of the capacitor 13 to the control voltage Vp during the period when
the square wave voltage signal is at the low voltage V|, the variation in the conductance
(or matching) of transistor 14 has no effect on the amount of charge passing through the
OLED 11.

In practice it is straightforward to design the drive circuit to have values for the voltages,
currents, capacitances and square wave signal frequency which will ensure that the range
of variation in the current passed by the chiplets 10 encountered in practice will still

allow the terminal B of the capacitor 13 to be chérged to the control voltage Vp during the
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- period when the square wave voltage signal is at the low voltage Vi It will be understood
that this allows a much larger range of currents passed by the chiplets 10 to be tolerated
without affecting the performance of the OLED display than a convention arrangement

where the chiplets 10 drive the OLEDs directly.

It is expected that it will usually be preferred to arrange for the capacitor 13 to be
discharged to the switch-off voltage of the OLED 11 before the square wave voltage
signal makes the transition back to the low voltage VL. This will ensure that the matching

of the transistor 14 has no effect on the amount of charge passing through the OLED 11.

In practice it is straightforward to desigrll the drive circuit to have values for the voltages,
currents, capacitances and square wave éignal frequency which will ensure that the range
of variation in the current passed by the OLED 11 encountered in practice will still allow
the terminal B of the capacitor 13 to be discharged to the switch on voltage of the OLED

11 during the period when the square wave voltage signal is at the high voltage Vy

Over time, the charge passing through the OLED 11, and fhus the amount of light
emitted, will be proportional to the voltage difference Vi — V, the capacitance of the
capacitor 13, the frequency of the square wave drive signal, and the number of cycles of
the square wave drive signal for which the driver circuit in the chiplet 10 is activated to
apply control voltage Vp to the terminal B of the capacitor 13. Thus, provided that the
frequency of the square wave voltage is sufficiently high that persistence of vision will
cause the OLED 11 to appear to be continuously illuminated to a human observer, the
apparent, or perceived brightness of the OLED 11 can be controlled by changing the
proportion of the cycles of the square wave voltage for which the chiplet 10 is activated
to switch on the OLED 11, or by changing the frequency of the square wave voltage
signal. The frequency of thev square wave voltage signal may be referred to as the pump

rate.

In order to ensure that the drive circuit is operating correctly and that the capacitor 13 is
charged to the control voltage Vp while the square wave voltage signal is at the low

voltage Vi, before the square wave voltage signal transitions to the high voltage Vg, and



WO 2013/007965 PCT/GB2012/000557

11

also that the capacitor 13 is fully discharged to the switch-off voltage of the OLED 11
while the square wave voltage signal is at the high voltage Vy, before the square wave
voltage signal transitions to the low volfage V1, the current being drawn by the circuit can
be monitored. The relationship between the current drawn and the frequency of the
square wave signal can then be assessed to confirm that this is a linear relationship. Any
nonlinearity identified can then be corrected for. The assessment can also take into
account changes in the voltages Vp, Vi; and V), and the proportion of cycles of the square

wave voltage signal for which the chiplet 10 switches the OLED 11 on, if necessary.

It is not necessary that the square wave voltage signal spends equal lengths of time at the
high voltage Vy and at the low voltage V. In some circumstances it may be convenient
to have the time at the high voltage Vy different from the time at the low voltage V, in
order to allow the desired charging and discharging of the capacitor 13 to be completed
before the square wave voltage signal changes state. In one arrangement, V| is as short

as pbssible in order to maximise the duty cycle of the OLED.

For simplicity and clarity only a single chiplet 10, OLED 11 and capacitor 13 are shown
in figure 1. However, it will be appreciated that an active matrix OLED display will
typically comprise a large number of chiplets driving a lérge number OLEDs. Further, it
will be appreciated that each chiplet may drive one or a plurality of pixels or subpixels;
that the pixels or subpixels driven by a given chiplet may have the same or different
cdlours; and that a pixel driven by a given chiplet may comprise subpixels other than red,

green and blue subpixels.

In an OLED display comprising a plurality of chiplets driving a plurality of OLED’s,
there ‘may be a number of drive circuit arrangements as described above driven by a
single square wave voltage. Conveniently, this can be arranged by connecting the second
terminals B of the capacitors of the different drive circuits to a2 common square wave
voltage line. All of the OLEDs making up the display could be driven by a common
square wave voltage line, alternatively, a number of square wave voltage lines could be
provided, with each square wave voltage line driving all of the OLEDs in a particular

line, column or region of the display.
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This driving arrangement provides a number of advantages. The amount of charge
passing through the OLED, and thus the amount of light emitted by the OLED and its
brightness, is controlled by the voltages Vp, Vy and Vi and the capacitance of the
capacitor 13, and not by the amount of current passing through the transistor 14 of the
chiplet 10. As is well known to the person skilled in the art, it is much easier to control
the voltage and capacitance of electronic, and particularly microelectronic, components to
specific desired values, and keep them constant, than it is to control the current passed by
devices. Accordingly, the problem of variations between the current passed by different
chiplets affecting the appearance of an OLED display does not generally arise, because
variations in the current passed by the different chiplets does not directly affect the

luminosity of their respective OLEDs.

Further, since the amount of charge passing through the OLED, and thus the amount of
light emitted, is controlled by changing the voltages Vp, Vi and V the present invention
allows the amount of charge to be controlled by setting appr0priéte reference voltages,

which are easier to distribute across the display than reference currents.

The brightness or greyscale of the OLED 11 can be controlled by varying the number, or
proportion, of cycles of the square wave voltage for which the chiplet 10 is switched on
to illuminate the OLED 11.

In an OLED display comprising a plurality of OLED’s the global brightness or greyscale
of the OLED display as a whole can be varied and controlled by adjusting the voltage
difference Vy — V. When the low voltage Vi is OV, this can conveniently be done by
adjusting the high voltage V. The brightness or greyscale of the individual OLEDs can
be separately controlled by varying the number of cycles of the square wave voltage for

which they are illuminated, as explained above.

Advantageously, a separate square wave voltage can be provided to the pixels, or
subpixels, of each colour on the display, for example providing a separate square wave
voltage to each of the Red, Green and Blue pixels, or subpixels. The global colour

balance of the OLED display as a whole can be varied and controlled by adjusting the
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voltage difference Vi — V| of each of the separate colour dedicated square wave voltages.
Conveniently, each of the separate colour dedicated square wave voltages can be supplied
through a dedicated square wave voltage line connected to the pixels, or subpixels, of the

relevant colour.

A further advantage of the present invention is that there is no requirement to adjust the
voltage or current supplied by the chiplet 10 through the transistor 14 in order to control
or adjust the brightness of the OLED 11. In a conventional drive arrangement where the
current passing through the chiplet transistor directly controls the brightness of the
OLED, it is necessary to provide analogue components in the chiplet to allow the OLED
brightness to be adjusted, typically by adjusting the output voltage of the transistor 14.
Such analogue components are large and complex compared to the digital components
required to just switch the transistor on and off, so that including such analogue
components to the chiplet is expensive and undesirable. Further, in such a conventional
drive arrangement it is generally necessary to set the voltage supplied by the chiplet to be
below the drive voltage of the display, typically by about 1V, in order to allow the drive
voltages of the individual chiplets to be adjusted to control the supplied current. In
contrast, in the present invention the control voltage Vp can be kept constant at the drive

voltage of the display.

Figure 2 illustrates a drive circuit arrangement according to another embodiment of the
present invention. The drive circuit comprises a chiplet 20 of a backplane of an active
matrix OLED display which drives three pixel OLEDs 21a-c. The chiplet 20 is connected
to each of the three OLEDs 2la-c by a respective conductive line 22a-c, and each
conductive line 22a-c is also each connected to a second terminal B of a respective
capacitor 23a-c. Each capacitor 23a-c has a first terminal A connected to a respective
capacitor driving line 26a-c. Each OLED 2la-c is connected between the respective
conductive line 22a-c and an earth plane 25. Each capacitor 23a-c and OLED 21a-c is
isolated from the chiplet 20 by.a respective isolating diode 27a-c haviﬁg its cathode

connected to the second terminal B of the capacitor 23a-c.
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Similarly to the embodiment of figure 1, each of the three capacitors 23a-c is driven to act
as a charge pump by a respective voltage square wave alternating between a low voltage
level Vi and a high voltage level Vy, which is supplied to the first terminal A of the
capacitor 23a-c by the respective capacitor driving line 26a-c. The three square wave
driving voltages are out of phase with one another so that only one of the three square

wave signals is at the low voltage level V at any time.

The drive circuit of the chiplet 20 is switched in synchrony with the three square wave
driving voltages so that the chiplet 20 supplies the control voltage Vp to the second
terminal B of the capacitor 23a-c connected to the one of the OLEDs 21a-c which it is
desired to illuminate when the respective voltage square wave supplied to the first

terminal A of that capacitor 23a-c is at the low voltage level VL.

The voltage of the second terminal B of this capacitor 23a-c is then raised to Vp + k(Viu —
V1) when the respective voltage square wave supplied to the first terminal A of that
capacitor 23a-c transitions to the high voltage level Vy, causing charge to flow through
the desired OLED 21a-c, illuminating it.

When the voltage of a terminal A of a capacitor 23a-c is raised to Vp + k(Vy — V1), the
respective diode 27a-c isolates the capacitor 23a-c from the other capacitors 23a-c, and
from the chiplet 20, ensuring that the different OLEDs 21a-c can be independently driven

‘without any “cross-talk” between them.

Accordingly, this embodiment allows three OLEDs 21a-c to be separately controlled and
addressed by a single drive circuit, for example a single transistor 24, of a single chiplet
20.

This embodiment provides the advantage that the number of chiplets on the backplane of
the display can be reduced relative to the number of independently controllable pixels, or
sub-pixels, making up the OLED display. This allows the number of chiplets to be
reduced, allowing the cost of the backplate to be reduced. It will be understood that the
cost of chiplets, or other semiconductor microelectronic circuits, is relatively high

compared to the cost of other parts of the backplate.
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This embodiment has a single chiplet independently controlling three pixel, or sub-pixel,
OLEDs, the controlling of three pixels, or sub-pixels, is only an example and different
numbers of pixels, or sub-pixels, such as two, four, or more, could be independently

controlled.

In the above embodiment the square wave driving voltages are out of phase with one
another so that only one of the square wave signals is at the low voltage level V, at any
time. This is convenient, but not essential. It is possible for more than one of the voltage
signals to be at the low voltage level Vi, at the same time provided that the chiplet 20 is
not supplying the control voltage Vp at this time. The general requirement in order to
allow independent control of the different OLEDs is that only one of the square wave
signals is at the low voltage level Vi at any time when the chiplet 20 is supplying the
control voltage Vp. Moreover, any two of diodes 27a, 27b and 27¢ are arranged back-to-

back and so current cannot flow between any of capacitors 23a, 23b and 23c.

The above embodiments show one OLED being driven by a single chiplet or three
OLEDs being independently driven by a single chiplet. It will be understood that a
plurality of OLEDs connected in parallel could be driven simultaneously by a single

chiplet.

Figure 3 illustrates a third embodiment of the invention comprising a specific
arrangement of a part of the drive circuit arrangement according to the second -

embodiment.

In figure 3 a capacitor corresponding to the capacitors 23a-c of the second embodiment,
is formed by a diode 33 arranged with its cathode 33b connected to an OLED 31 through
" a conductive line 32, and its anode 33a connected to a capacitor driving line 36. The
diode 33 will be permanently reverse biased during operation, and accordingly, the diode

33 will act as a capacitor.

An isolation diode 37 having an anode 37a and a cathode 37b is provided to isolate the

diode 33 from the chiplet 10, the two diodes 33 and 37 having their respective cathodes
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33b and 37b connected together by the conductive line 32. The anode 37a of the diode 37

provides a terminal C for connection to a chiplet.

The diodes 33 and 37 can conveniently be hole-only devices based on a similar material
to the OLEDs.

Figure 4 illustrates a fourth embodiment of the invention comprising a possible physical

structure. for the third embodiment.

The conductive line 32 of the third embodiment provides a common connection between
the cathodes 33a and 37a of the diodes 33 and 37 and the OLED 31. This common
connection is at a floating voltage, and so does not need to be isolated from the diodes 33
and 37 and the OLED 31. Accordingly, the diodes 33 and 37 and the OLED 31 can be

formed as a single stack.

In figure 4, a stack 40 comprises an OLED 31 formed by an OLED semiconductor layer
41 sandwiched between a first conductive layer 42 and a second conductive layer 43. The
second conductive layer 43 provides the earth plane. The stack 40 further comprises
diodes 33 and 37 formed by a diode semiconductor layer 44 sandwiched between the first
conductive layer 42 and a third conductive layer 45. The third conductive layer 45 .is
patterned to define the anodes 33a and 37a of the diodes 33 and 37, and provide the

terminals A and C for connection to the capacitor driving line and the chiplet.

The fourth embodiment provides a compact and easily fabricated structure for the
combined OLED and diodes.

The third and fourth embodiments relate an arrangement according to the second
embodiment where the capacitor is provided by a diode arranged to always be reverse
biased. It will be understood that the capacitor of the first embodiment could also be

replaced

The chiplets may be formed from semiconductor wafer sources, including bulk

semiconductor wafers such as single crystalline silicon wafers, polycrystalline silicon
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wafers, germanium wafers; ultra thin semiconductor wafers such as ultra thin silicon
wafers; doped semiconductor wafers such as p-type or n-type doped wafers and wafers
with selected spatial distributions of dopants; semiconductor on insulator wafers such as
silicon on insulator (e.g. Si-SiO2, SiGe); and semiconductor on substrate wafers such as
silicon on substrate wafers. In addition, printable semiconductor elements of the present
invention may. be fabricated from a variety of nonwafer sources, such as a thin films of
amorphous, polycrystalline and single crystal semiconductor materials (e.g.
polycrystalline silicon, amorphous silicon, polycrystalline GaAs and amorphous GaAs)
that is deposited on a sacrificial layer or substrate (e.g. SiN or SiO2) and subsequently
annealed, and other bulk crystals, including, but not limited to, graphite, MoSe2 and other

transition metal chalcogenides, and yttrium barium copper oxide.

The chiplets may be formed by conventional processing means known to the skilled

person.

Preferably, each chiplet is up to 500 microns in length, preferably between about 15-250

microns, and preferably about 5-50 microns in width, more preferably 5-10 microns.

Transfer Process

The stamp used in transfer printing is preferably a PDMS stamp.

The surface of the stamp may have a chemical functionality that causes the chiplets to
reversibly bind to the stamp and lift off the donor substrate, or may bind by virtue of, for
example, van der Waals force. Likewise upon transfer to the end substrate, the chiplets
adhere to the end substrate by van der Waals force and / or by an interaction with a
chemical fimctionality on the surface of the end substrate, and as a result the stamp may

be delaminated from the chiplets.

Chiplet and Display Integration

The chiplets patterned with drive circuitry for addressing pixels or subpixels of a display

may be transfer-printed onto a substrate carrying tracking for connection of the chiplets to
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a power source and, if required; drivers outside the display area for programming the

chiplets.

To ensure accurate transfer onto a prepared end substrate, the stamp and end substrate
may be registered by means known to the skilled person, for example by providing

alignment marks on the substrate.

Alternatively, tracking for connection of the chiplets may be applied after the chiplets

have been transfer printed.

In the case where the chiplets drive a display such as an LCD or OLED display, the
backplane comprising the chiplets is preferably coated with a layer of insulating material
to form a planarisation layer onto which the display is constructed. Electrodes of the
display device are connected to the output of the chiplets by means of conducting

through-vias formed in the planarisation layer.

Organic LED

In the case where the display is an OLED, the device according to the invention
comprises a glass or plastic substrate onto which the backplane (not shown) has been
formed, an anode and a cathode. An electroluminescent layer is provided between anode

and cathode.

In a practical device, at least one of the electrodes is semi-transparent in order that light
may be emitted. Where the anode is transparent, it typically comprises indium tin oxide.
Preferably, the cathode is transparent in order to avoid the problem of light emitted from
the electroluminescent layer being absorbed by the chiplets and other associated drive
circuitry in the case where light is emitted through the anode. A transparent cathode
typically comprises a layer of an electron injecting material that is sufficiently thin to be
transparent. Typically, the lateral conductivity of this layer will be low as a result of its
thinness. In this case, the layer of electron injecting material is used in combination with

a thicker layer of transparent conducting material such as indium tin oxide.
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It will be appreciated that a transparent cathode device need not have a transparent anode
(unless, of course, a fully transparent device is desired), and so the transparent anode used
for bottom-emitting devices may be replaced or supplemented with a layer of reflective
material such as a layer of aluminium. Examples of transparent cathode devices are

disclosed in, for example, GB 2348316.

Suitable materials for use in the electroluminescent layer -include small molecule,
polymeric and dendrimeric materials, and compositions thereof. Suitable
electroluminescent polymers for use in the electroluminescent layer include poly(arylene
vinylenes) such as poly(p-phenylene vinylenes) and polyarylenes such as: polyfluorenes,
particularly 2,7-linked 9,9 dialkyl polyfluorenes or 2,7-linked 9,9 diaryl polyfluorenes;
polyspirofluorenes, particularly 2,7-linked poly-9,9-spirofluorene; polyindenofluorenes,
particularly 2,7-linked polyindenofluorenes; polyphenylenes, particularly alkyl or alkoxy
substituted poly-1,4-phenylene. Such polymers as disclosed in, for example, Adv. Mater.
2000 12(23) 1737-1750 and references therein. Suitable electroluminescent dendrimers
for use in layer 3 include electroluminescent metal complexes bearing dendrimeric

groups as disclosed in, for example, WO 02/066552.

Further layers may be located between the anode and the cathode, such as charge

transporting, charge injecting or charge blocking layers.

The device is preferably encapsulated with an encapsulant (not shown) to prevent ingress
of moisture and oxygen. Suitable encapsulants include a sheet of glass, films having
suitable barrier properties such as alternating stacks of polymer and dielectric as.
disclosed in, for example, WO 01/81649 or an airtight container as disclosed in, for
example, WO 01/19142. A getter material for absorption of any atmospheric moisture
and / or oxygen that may permeate through the substrate or encapsulant may be disposed

between the substrate and the encapsulant.

Those skilled in the art will appreciate that while this disclosure has described what is
considered to be the best mode and, where appropriate, other modes of performing the
invention, the invention should not be limited to the specific configurations and methods

disclosed in this description of the preferred embodiment
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CLAIMS

1. A drive circuit for an organic light emitting diode ‘OLED’ element, the drive
circuit comprising:

a capacitor having a first terminal and a second terminal, the second terminal
being connected to the OLED element;

a voltage source adapted to selectively provide a control voltage Ve lower than the
switch on voltage of the OLED element to the second terminal of the capacitor; and

a voltage square wave signal source adapted to provide a square wave voltage
signal alternating between a high voltage Vy and a low voltage V| to the first terminal of
the capacitor;

wherein the voltage source provides the control voltage Vp to the second terminal
of the capacitor when the square wave voltage signal provided to the first terminal of the
capacitor is at the low voltage V,; and

when the square wave voltage signal provided to the first terminal of the capacitor
is at the high voltage Vy, the voltage at the second terminal of the capacitor is higher than

the switch on voltage of the OLED element so that the OLED element emits light.

2. A drive circuit according to claim 1 wherein the voltage source is a transistor.
3. A drive circuit according to claim 1 or 2 wherein the voltage source is a chiplet.
4. The drive circuit according to any preceding claim wherein, when the square

wave voltage signal provided to the first terminal of the capacitor increases to the high
voltage Vy, the voltage at the second terminal of the capacitor is increased to a voltage of

Vp + k(Vu ~ V1), where k is a constant less than one.

5. The drive circuit according to any preceding claim wherein after the voltage at the
second terminal of the capacitor is increased to a voltage higher than the switch on

voltage of the OLED element, the circuit is arranged to allow the capacitor to discharge
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through the OLED element until the voltage of the second terminal of the capacitor
reaches the switch on voltage of the OLED element before the square wave voltage signal

provided to the first terminal of the capacitor reduces to the low voltage V..

6. The drive circuit according to any preceding claim wherein after the voltage
source provides the control voltage the circuit is arranged to allow the capacitor to charge
until the voltage of the second terminal of the capacitor reaches the control voltage Vp
before the square wave voltage signal provided to the first terminal of the capacitor

increases to the high voltage V.

7. The drive circuit according to any preceding claim wherein the voltage square
wave signal source is adapted to provide a square wave voltage signal spending an equal

time at the high voltage Vi and at the low voltage V.

8. The drive circuit according to any one of claims 1 to 7 wherein the voltage square
wave signal source is adapted to provide a square wave voltage signal spending a

different time at the high voltage Vy and at the low voltage V.

-9, The drive circuit according to any preceding claim to drive a plurality of OLED
elements, the drive circuit comprising:

a plurality of capacitors, each having a first terminal and a second terminal, the
second terminal of each capacitor being connected to a respective OLED element;

a plurality of voltage square wave sources adapted to provide a plurality of square
wave voltage signals, each voltage square wave source providing a respective square
wave voltage signal alternating between a high voltage Vy and a low voltage V| to the
first terminal of a respective one of the plurality of capacitors, the plurality of voltage
équare wave sources being adapted so that the plurality of square wave voltage signals
are out of phase;

the voltage source adapted to selectively provide a control voltage Vp to the
respective second terminal of each capacitor when the square wave voltage signal

provided to the first terminal of said capacitor is at the low voltage V..
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10. The drive circuit according to claim 9 wherein the voltage source is adapted to
selectively provide a control voltage Vp to the respective second terminal of each
capacibtor when the square wave voltage signal provided to the first terminal of said
capacitor is at the low voltage Vi, and the square wave voltage signals provided to the
first terminals of the other capacitors of the plurality of capacitors is at the high voltage
V.

11.  The drive circuit according to claim 9 or claim 10 and further comprising a
plurality of isolating diodes each arranged to isolate a high voltage at the first terminal of

one of said plurality of capacitors from the voltage source.

12.  The drive circuit according to any preceding claim wherein the capacitor

comprises a diode arranged to always be in reverse bias.

13.  The drive circuit according to claim 12 wherein each said capacitor comprises a

diode formed in a single stack with the respective OLED.

14.  The drive circuit according to claim 13 wherein said stack further comprises an

isolating diode.

15.  The drive circuit according to any preceding claim wherein the drive circuitry

comprises a-Si or LTPS.

16. A backplane of an OLED display comprising:

a plurality of drive circuits according to any preceding claim.

17.  An active matrix display comprising:
a backplane according to claim 16, and

a plurality of OLED elements.
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