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(57) Abstract: Display driver circuits are described for driving organic light emitting diode displays, particularly passive matrix
displays, with greater efficiency. The display drivers comprise a controllable current generator (506) to provide a variable current
drive output (508) to an OLED display, the current generator comprising at least one bipolar transistor (524) in series with the cur-

rent drive output. The display brightness is adjustable by controlling the current generator to vary the current drive to the display.
Preferably the bipolar transistor has an emitter terminal substantially directly connected to a power supply line of the driver to reduce
losses in the driver. A corresponding method is also described. By employing a bipolar transistor current drive and varying display
brightness by controlling the current an efficient driver-display combination is obtained.
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DISPLAY DRIVER CIRCUITS

This invention generally relates to display driver circuits for electro-optic displays, and
more particularly relates to circuits and methods for driving organic light emitting diode
displays, especially passive matrix displays, with greater efficiency.

Organic light emitting diodes (OLEDs) comprise a particularly advantageous form of
electro-optic display. They are bright, colourful, fast-switching, provide a wide viewing
angle and are easy and cheap to fabricate on a variety of substrates. Organic LEDs may
be fabricated using either polymers or small molecules in 4 range of colouss (or in
multi-coloured displays), depending upon the materials used. Examples of polymer-
based organic LEDs are described in WO 90/13148, WO 95/06400 and WO 99/48160;

examples of so called small molecule based devices are described in US 4,539,507.

A basic structure 100 of a typical organic LED is shown in Figure 1a. A glass or plastic
substrate 102 supports a transparent anode layer 104 comprising, for example, indium
tin oxide (ITO) on which is deposited a hole transport layer 106, an electroluminescent
layer 108, and a cathode 110. The electroluminescent layer 108 may comprise, for
example, a PPV (poly(p-phenylenevinylene)) and the hole transport layer 106, which
helps match the hole energy levels of the anode layer 104 and electroluminescent layer
108, may comprise, for example, PEDOT:PSS (polystyrene-sulphonate-doped
polyethylene-dioxythiophene). Cathode layer 110 typically comprises a low work
function metal such as cal¢jum and may include an additional layer immediately
adjacent electroluminescent layer 108, such as a layer of aluminium, for improved
electron energy level matching, Contact wires 114 and 116 to the anode the cathode

respectively provide a connection to a power source 118. The same basic structure may
also be employed for small molecule devices.

In the example shown in Figure 1a light 120 is emitted through transparent anode 104
and substrate 102 and such devices are referred to as “bottom emitters”. Devices which
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emit through the cathode may also be constructed, for example by keeping the thickness
of cathode layer 110 less than around 50-100 nm so that the cathode is substantially

transparent.

Organic LEDs may be deposited on a substrate in a matrix of pixels to form a single or
multi-colour pixellated display. A multicoloured display may be constructed using
groups of red, green, and blue emitting pixels. In such displays the individual elements
are generally addressed by activating row (or column) lines to select the pixels, and
rows (or columns) of pixels are written to, to create a display. So-called active matrix
displays have a memory element, typically a storage capacitor and a transistor,
associated with each pixel whilst passive matrix displays have no such memory element
and instead are repetitively scanned, somewhat similarly to a TV picture, to give the

impression of a steady image.

Figure 1b shows a ¢cross section through a passive matrix OLED display 150 in which
like elements to those of Figure 1a are indicated by like reference numerals. In the
passive matrix display 150 the electroluminescent layer 108 comprises a plurality of
pixels 152 and the cathode layer 110 comprises a plurality of mutually electrically
insulated conductive lines 154, running into the page in Figure 1b, each with an
associated contact 156, Likewise the ITO anode layer 104 also comprises a plurality of
anode lines 158, of which only one¢ is shown in Figure 1b, running at right angles to the
cathode lines. Contacts (not shown in Figure 1b) are also provided for each anode line.
An electroluminescent pixel 152 at the intersection of a ¢athode line and anode line may
be addressed by applying a voltage between the relevant anode and cathode lines.

Referring now to Figure 2a, this shows, conceptually, a driving arrangement for a
passive matrix OLED display 150 of the type shown in Figure 1b. A plurality of
constant current generators 200 are provided, each conmected to a supply line 202 and to
one of a plurality of column lines 204, of which for ¢larity only one is shown. A
plurality of row lines 206 (of which only one is shown) is also provided and each of
these may be selectively connected to a ground line 208 by a switched connection 210.
As shown, with a positive supply voltage on line 202, column lines 204 comptise anode

connections 158 and row lines 206 comprise cathode connections 154, although the
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connections would be reversed if the power supply line 202 was negative and with

respect to ground line 208,

As illustrated pixel 212 of the display has power applied to it and is therefore
illuminated. To create an image connection 210 for a row is maintained as each of the
column lines is activated in turn until the complete row has been addressed, and then the
next row is selected and the process repeated. Alternatively a row may be selected and
all the columns written in parallel, that is a row selected and a current driven onto each
of the column lines simultaneously, to simultaneously illuminate each pixel in a row at
its desired brightness. Although this latter arrangement requires more column drive
circuitry it is preferred because it allows a more rapid refresh of each pixel. In a further
alternative arrangement each pixel in a column may be addressed in turn before the next
column is addressed, although this is not preferred because of the effect, inter alia, of
column capacitance ag discussed below. It will be appreciated that in the arrangement
of Figure 2a the functions of the column driver circuitry and row driver circuitry may be

exchanged.

It is usnal to provide a current-controlled rather than a voltage-controlled drive to an
OLED because the brightness of an OLED is determined by the current flowing through
it, this determining the number of photons it outputs. In a voltage-controlled
configuration the brightness can vary across the area of a display and with time,
temperature, and age, making it difficult to predict how bright a pixel will appear when
driven by a given voltage. In a colour display the accuracy of colour representations
may also be affected.

Figutes 2b to 2d illustrate, respectively, the current drive 220 applied to a pixel, the
voltage 222 across the pixel, and the light output 224 from the pixel over time 226 as
the pixel is addressed. The row containing the pixel is addressed and at the time
indicated by dashed line 228 the current is driven onto the colurnn line for the pixel.
The column line (and pixel) has an associated capacitance and thus the voltage
gradually rises to a maximum 230. The pixel does not begin to emit light until a point
232 is reached where the voltage across the pixel is greater than the OLED diode
voltage drop. Similarly when the drive current is turned off at time 234 the voltage and
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Light output gradually decay as the column capacitance discharges. Where the pixels in
a row are all written simultaneously, that is where the columns are driven in parallel, the

time interval between times 228 and 234 corresponds to a line scan period.

It is desirable to be able to provide a greyscale-type display, that is one in which the
apparent brightness of individual pixels may be varied rather than simply set either on
or off. In the context of this invention “greyscale” refers to such a variable brightness

display, whether a pixel is white or coloured.

The conventional method of varying pixel brightness is to vary pixel on-time using
Pulse Width Modulation (PWM). In the context of Figure 2b above the apparent pixel
brightness may be varied by varying the percentage of the interval between times 228
and 234 for which drive current is applied. In a PWM scheme a pixel is either full on or
completely off but the apparent brightness of a pixel varies because of integration

within the observer’s eye.

Pulse Width Modulation schemes provide a good linear brightness response but to
overcome effects related to the delayed pixel turn-on they generally employ a pre-
charge current pulse (not shown in Figure 2b) on the leading edge 236 of the driving
current waveform, and sometimes a discharge pulse on the trailing edge 238 of the
waveform. As a result, charging (and discharging) the coluron ¢apacitance can account
for half the total power consumption in displays incorporating this type of brightness
control. Other significant factors which the applicant has identified as contributing to
the power consurnption of a display plus driver combination include dissipation within
the QLED itself (a function of OLED efficiency), resistive losses in the row and colurnn
lines and, importantly in a practical ¢ircuit, the effects of a limited current driver

cormpliance, as explained in more detail later,

Figure 3 shows a schematic diagram 300 of a generic driver circuit for a passive matrix
OLED display. The OLED display is indicated by dashed line 302 and comprises a
plurality n of row lines 304 each with a corresponding row electrode contact 306 and 2
plurality m of column lines 308 with a corresponding plurality of colurnn electrode
contacts 310. An OLED is connected between each pair of row and column lines Wi‘th,
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in the illnstrated arrangement, its anode connected to the column line, A. y-driver 314
drives the column lines 308 with a constant current and an x-driver 316 drives the row
lines 304, selectively connecting the row lines to ground. The y-driver 314 and x-driver
316 are typically both under the control of a processor 318. A power supply 320
provides power to the circuitry and, in particular, to y-driver 314.

Specific examples of OLED display drivers are described in US 6,014,119, US
6,201,520, US 6,332,661, EP 1,079,361A and EP 1,091,339A; OLED display driver
integrated cireuits are also sold by Clare Micronix of Clare, Inc., Beverly, MA, USA.
The Clare Micronix drivers provide a current controlled drive and achieve greyscaling

using a conventional PWM approach.

US 6,014,119 describes a driver circuit in which pulse width modulation is used to
control brightness and in which the emitters of driver transistors are connected to a
fixed voltage via resistors, the resistors being considered to approximate a substantjally

ideal current source.

US 6,201,520 describes driver circuitry in which eagh column driver has a constant
ourrent generator associated with a set of switches which allows non selected pixels to
be reverse biased to prevent crosstalk, The described circuits provide digital (on/off)
pixel control but are not suitable for displays in which the brightness of individual
pixels need to be independently adjustable, for example analogue, greyscale-type
displays.

US 6,332, 661 describes pixel driver circuitry in which a reference current generator
sets the current output of a constant current driver for a phrality of columns, but again
this arrangement is not suijtable for analogue greyscale type displays.

EP 1,079,361A and EP 1,091,339A, both describe similar drivers for organic
electroluminescent display elements in which a drive voltage (rather than a drive
current) for an organic EL element is set by a microcomputer driving an operational
amplifier, negative feedback being applied in an attempt to compensate for

characteristic variations and ageing effects associated with voltage drive circuits,
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It is generally desirable to reduce the power consumption of the display plus driver
combination, especially whilst retaining the ability to provide a greyscale display. It is
further desirable to reduce the maximum required power supply voltage for the display
plus driver combination.

According to the present invention there is therefore provided a display driver for a
passive organic electroluminescent display, the display driver comprising a controllable
current generator to provide a variable current drive output to the display, the current
generator comprising at least one bipolar transistor in series with the current drive
output, whereby the display brightness is adjustable by controlling the current generator
to vary the current drive to the display.

A current source attempts to deliver a substantially constant current to the load to which
it is connected but it will be appreciated that there will come a point as its output
voltage approaches the supply voltage, at which this is no longer possible. The range of
voltages over which a current source provides an approximately constant current to a
load is termed the compliance of the current source, The compliance can be
characterised by (Vi-V,) where Vy is the supply voltage and V, is substantially the
maximyum output voltage of the current source in that when V-V, is small the
compliance is high, and vice-versa. (For convenience in this specification reference will
be made to a current source and to current sources but these may be substituted by a

current sinks or sinks).

The applicants have recognised that the lower the current driver compliance (i.e. the
greater V-Vo), the greater the power losses due to limited driver compliance. The
lower the driver circuit compliance the greater the supply voltage to the current driver
must be in order to obtain a maximum desired pixel brightness, as can be seen byan
example. Consider an OLED driver in which the pixel brightness is controlled by
controlling the drive current Lrive rather than by pulse width modulating the OLED.
Assume Iarive for maximum brightness can be obtained with a voltage across the OLED
of approximately 8 volts and consider the two cases, where the current generator

requires a supply voltage of 9 volts and where the current generator requires a supply
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voltage of 12 volts to provide the required maximurn Iyve. When the OLED is half on
the voltage across it will be approximately 4 volts (for the sake of this example,
although in practice it will be non linear). 1t can therefore be seen that the power loss in
the two cases (AV. Linve) in the two cases is 5 Lyive and 8 Ly respectively — in other

words almost double the loss for the low compliance (large V-V, current generator.

The applicants have recognised that the power losses in the current generator can be
substantially reduced by designing a (variable) current generator to have a high
compliance, that is to have a low value of V-V, This is done by employing a bipolar

transistor to improve the compliance of the current generator.

Preferably the display is a passive matrix OLED display and the driver is configured
such that the brightnesses of individual pixels in a row or column can be substantially
independently adjusted in order to provide a greyscale image. Thus the display driver
preferably has a plurality of current generators for simultaneously driving a plurality of
either or row or column electrodes so that, for example, all the pixels in a row may be
driven sirnultancously. This helps increase the frame rate and thus the apparent
brightness of the display, as well as reducing flickering.

Preferably the bipolar transistor has an emitter terminal substantially directly connected
to a power supply line of the driver. This does not necessarily require that the emitter
terminal should be connected to a power supply line or terminal for the driver by the
most direct route but rather that there should be no intervening components (apart from
the intrinsic resistance of tracks or connections within the driver circuitry) between the
emitter and a power supply rail. In this way the power supply voltage can be kept to a
minimum necessary to drive the display at its maximum desired brightness. Preferably
the voltage drop between the emitter terminal and the power supply line is less than
expected statistical variations in- Vi of the transistor, that is typically less than 100mV,
probably less than 50mV.

Preferably the controllable current generator comprises a current mirror as this allows
Vo to approach, typically to within less than 0.5V of the supply, and sometimes to
within 0.1V of the supply. A pair of bipolar transistors need not be provided for each



WO 03/079322 PCT/GB03/01100
8
driver circuit (although this may be preferable in some embodiments) as a current
TUITOr ¢ircuit may, in effect, be shared by a plurality of driver circuits, for example
across a plurality of display column electrodes. A current mirror has a finite output
impedance and thus the output current can vary by up to 25% over the output
compliance range (broadly because Vy, varies slightly with collector voltage for a given
drive current). This effect can be reduced by employing a Wilson current mirror
although the compliance is then degraded.

Preferably the display driver includes control circuitry for the current generator using a
different transistor technology, preferably the smaller, lower power MOS (Metal Oxide
Semiconductor) technology. In this way the total power conswmption of the driver may
be further reduced. In a preferred embodiment the control circuitry includes a digital to
analogue converter to provide an analogue current output to the current generator, for
example a variable ewrrent output to programme the load current provided to the display

by a current mirror circuit,

In another aspect the invention provides display driver circuitry for an organic
electroluminescent display, the display comprising a plurality of organic
electroluminescent pixels each pixel being addressed by one of each of a first plurality
and a second plurality of driving electrodes, the display driver circuitry comprising, a
power supply connection, a plurality of electrode driver outputs for driving a plurality
of said display driving electrodes, a plurality of variable current driver circuits, each
having a contro] input and providing a variable current drive for a said electrode driver
output, and each comprising a bipolar current drive transistor having an emitter terminal
substantially directly connected to said power supply connection and a collector
terminal coupled to a said electrode driver output; and control circuitry coupled to the
control inputs of said driver circuits and configured to provide an analogue signal to
each said control input for controlling the variable current drive provided by each said

driver circuit, whereby the brightness of each pixel is adjustable.

Again by providing a variable or analogue cwrrent drive using a bipolar current drive
transistor with an emitter terminal substantially directly connected to 2 power supply

conmnection or bus for the circuit, that is without intervening components, a power-
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efficient variable brightness OLED pixel display driver may be provided. It will be
appreciated that although the control input signal is analogue it may be quantised, for
example where the control cireuitry is itself controlled by a digital signal.

The collector terminal of the drive transistor is preferably also substantially directly
connected to the electrode driver output for driving a display, thus helping to minimise
unwanted voltage drops and to increase the overall operating efficiency of the driver
plus display combination, The collector terminal may be connected to the load via an
intervening component or components (such as another bipolar transistor, for example
when using a Wilson current mirror) but this is not preferred because the compliance is

reduced.

The display driver circuitry is suitable for either small molecule or polymer LEDs and is
especially suitable for providing greyscale images on passive matrix QLED displays,
that is displays in which different pixels may need to be set at different brightnesses.

Preferably the current driver circuit comprises a current mirror, preferably two bipolar
transistors being provided for each column (or row) of the display. The bipolar current
drive transistor may comprise a Darlington transistor or a variant such as a
complementary Darlington (also known as a complementary feed-back pair or Sziklai
connected pair). Preferably the control circuitry consists of MOS transistors, for a
further power saving. In one embodiment the control circuitry comprises a plurality of
FET swiiches each coupled to a respective current setting component, for example a

current setting resistor.

In a third aspect the invention provides a column electrode display driver for a passive
OLED display, the display comprising a matrix of OLEDs and a plurality of row and
column electrodes, each OLED having an anode coupled to a said column electrode and
a cathode coupled to a said row electrode, the display driver comprising a plurality of
independently adjustable, high compliance bipolar colurmn current drivers each having

an analogue input for providing a variable column current drive to the display.



WO 03/079322 PCT/GB03/01100
10

In a further aspect the invention provides display driver circuitry for an organic
electroluminescent display, the display comprising a plurality of organic
electroluminescent pixels each pixel being addressed by one of each of a first plurality
and a second plurality of driving electrodes, the display driver circuitry comprising, a
power supply connection, a plurality of electrode driver outputs for driving a plurality
of said display driving electrodes, a plurality of current driver circuits for each driving
electrode for providing a plurality of current drives for a said electrode driver output,
each having a control input and each comprising 2 bipolar current drive transistor
having an emitter terminal substantially directly connected to said power supply
connection and a collector terminal coupled to a said electrode driver output; and
condrol circuitry coupled to the control inputs of said driver circuits and configured to
provide a signal to each said control input for controlling the current drive provided to a
said electrode driver output, whereby the brighiness of each pixel is adjustable.

The invention also provides a corresponding method of increasing the efficiency of 2
current driver for an organic electroluminescent display, the method comprising, using a
bipolar transistor with an emitter terminal substantially directly connected to a power
line to provide a current drive for the display; and using a voltage for the power line
such that when the organic electroluminescent display is at substantially a maximum
desired brightness the bipolar transistor current drive is operating substantially at its

limit of compliance.

As described above, excess power dissipation in an OLED current driver can be reduced
by employing a bipolar transistor substantially directly connected to a power line of the
driver and then by choosing a power supply voltage which is no more than necessary to
give the required display brightness when the current drive is operating substantially at
its limit of compliance, that is when the output voltage from the current drive is
substantially the maximum possible at the selected power supply voltage for the current
drive, Preferably the display a variable brightness display and the current drive is a
variable eurrent drive as this allows further power savings as compared with
conventional PWM brightness control.
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These and other aspects of the invention will now be further described, by way of

example only with reference to the accompanying figures in which:

Figures 1a and 1b show cross sections through, respectively, an organic light emitting

diode and a passive matrix OLED display;

Figures 2a to 2d show, respectively, a conceptual driver arrangement for a passive
matrix QLED display, a graph of current drive against time for a display pixel, a graph
of pixel voltage against time, and a graph of pixel light oufput against time;

Figure 3 shows a schematic diagram of a generic driver circuit for a passive matrix
OLED display according to the prior art;

Figure 4 shows a block diagram of a passive matrix OLED display pixel driver

according to an embodiment of the present invention;

Figure 5 shows a schematic diagram of a passive matrix OLED display driver circuit

according to an embodiment of the present invention; and

Figures 6a to 6¢ show, respectively, a bipolar Darlington transistor driver, a bipolar
complementary Darlington transistor driver, and a bipolar current mirror driver with

multiple outputs.

Figure 4 shows a block diagram of a generic variable current bipolar transistor driver
400 for an organic electroluminescent display. The driver comprises a bipolar current
driver portion 406 and a MOS controller portion 410; typically these will both be
integrated on a common integrated circuit substrate. A power supply 402, external to
the integrated circuit, is connected to a2 power ling 404 within the integrated cirenit and
to a ground connection 403 of the integrated circuit,

The bipolar enrrent driver 406 has a current control input 410 and provides a controlled
current output 408 to the display, in the case of a passive mairix display to a colurm or
row line. The current control input 410 allows the current on column line 408 to be
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varied between minimum and maximum current outputs corresponding to minimum and

maximum desired display brightnesses.

The control signal on input 410 is preferably an analogue control signal provided from
MOS controller 410 in response to a digital brightness control signal 412 provided to
the MOS controller 410. Thus preferably the MOS controller 410 comprises a digital to
analogue converter. It will be appreciated that although the current driver 406 is in
principle capable of outpntting a continuously variable current, in practice the digital
control signal constrains the output current to one of a number of discreet values
determined by the number of bits in the digital control signal.

The bipolar current driver 406 is designed to allow the output voltage on line 408 to
approach as close as possible to the supply voltage on power line 404, thus giving the
driver a high compliance. This is facilitated by directly connecting an emitter terminal
of a bipolar current driver transistor (i.e. a transistor in series with the column line
cormection) substantially directly to power line 404. Preferably the current driver 406
also includes a bipolar transistor driver with a collector tetminal directly connected to
display drive line 408. This allows the output voltage of the current driver to closely
approach the supply voltage, thus increasing the overall power efficiency of the display

plus driver combination in operation.

Referring now to Figure 5, this shows a schematic diagram of display driver circuitry
for a passive matrix OLED display 502. The display 502 is similar to the display 302 of
Figure 3, although for convenience only four pixels are shown. Like elements of

display 502 to those of display 302 have been given like reference numerals.

The driver cirenitry comprises a MOS controller 504a, b and a bipolar current driver
506a, b for each column line output 508a, b. Likewise a row line driver 5 10a,bis
provided for each row line connection 512a, b. In practice a driver integrated circuit
will have many such row and/or column drivers, and Jarge passive matrix displays may
require many such driver integrated circuits. Here, for convenience, only one column

line driver 504, 506 and only one row litie driver 510 will be described in detail as the
others are gimilar,
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The driver circuitry is powered an external power supply 516 connected to power 518
and ground 520 line connections of the driver circuitry. The bipolar current driver 506a
comprises a pair of PNP bipolar trausistors 522, 524 connected to power line 518 in a
current mirror configuration. Tnsucha configuration a current on input line 526
controls a load current on output 508a, the ratio of the two currents being determined by

the ratio of the transistor junction areas (for matched transistors).

The MOS controller 504a comprises three FET switches 528, 530, 532 each connected
to a respective power supply 534, 536, 538. The gate connections of the transistors 529,
531, 533 comprise a three bit digital input each switching a respective power supply
534, 536, 538 to a corresponding current setting resistor 540, 542, 544, Each of
resistors 540, 542, 544 is connected to the current input 526 of the current mirror 506a.
Each of the power supplies 534, 536, 538 has a voltage which is approximately twice
that of the next lowest power supply (not exactly becanse of the Vi, drop) so thata
digital value on FET gate connections 529, 531, 533 is converted into a cori‘esponding
current on line 526 so that MOS controller 504a converts a digital voltage value to an
analogue current. In other embodiments power supplies 534, 536 and 538 may have the
same voltage and the value of resistors 540, 542, 544 may be scaled in powers of {wo,
Different voltage and/or resistor values may be employed according to the application

and other design considerations.

Transistor 524 is directly connected between power line 518 and column line output
508a (discounting any track resistance), thus maximising the compliance of the current
driver or, in other words, allowing the voltage on column line output 508a to approach
as close as possible to that of power line 518. This is in contrast to a conventional
current source which employs an emitter resistor to stabilise the current output and, in
particular, to compensate for statistical variations in Vi, on I, in different transistors.

With the design shown the voltage on column line 508a may approach within one volt,
500mV or even to within 100mV of power line 518,

Where the size of transistors 522 and 524 is the same the current mirror of driver 506a

provides a 1:1 ratio of input current on line 526 to output current on line 5082 (where
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the two transistors are substantially matched to one another). Power can be saved by
reducing the current in transistor 522, for example by scaling the current mirror. The
currents in lines 526 and 508a are in proportion to the areas of transistors 522 and 524
(for matched transistors) and thus the current in transistor 522 may be reduced by
making it smaller, for example 1/10 or less, 1/30 or less, or 1/50 or less of the size of
transistor 524. Alternatively the current mirror may be scaled by fabricating a further
transistor with its base, emitter, and collector in parallel with transistor 524, for example
to give a 1:2 scaling. Preferably the current in transistor 522 is around 10% or less of

the current in transistor 524.

The row drive circuitry essentially comprises a single bipolar transistor 510a, b
controlled by a voltage (or current) applied to its respective base connection 546a, b.
For the sake of illustration the row drivers are shown controlled by current sources
548a, b although in practice they will normally be driven by a processor such as
processor 318 of Figure 3 via a suitable interface. The base current is thus drawn from

the (lower voltage) logic supply.

Broadly speaking the row driver transistors 5102, b simply act as switches to connect a
selected row line to ground. Again, however, it is preferable that ag little voltage as
possible is dropped across these transistors, although each must handle a maximum
current of nl..; where n is the number of columns and Iy is the maximum column drive

current.

Since transistors 510 are essentially only acting as switches to sink current to ground
they can be driven hard, preferably into saturation, Preferably the transistors are also
physically large to reduce their resistance and hence increase the overall driver
compliance. It is also desirable that the driver circuitry makes efficient use of silicon
area and for this reason bipolar transistors are preferred. However MOS transistors
could be used instead of bipolar transistors as it is practical to make these large enough
to reduce the voltage drop to a practical value when the transistor is on. Typical
maximum column current values are between 0.1mA and 1mA and thus maximum row
currents may be up to 100mA or more,
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Figure 6 shows some of the variations which are possible to the circuit of Figure 3.
Thus, for example, bipolar transistor 524 could be replaced by the Darlington transistor
configuration 600 of Figure 6a or alternatively the complementary Datlington (or
complementary feedback pair or Sziklai) configuration 610 of Figure 6b. These
configurations provide higher gain thus reducing the base current required but both also
introduce an additional diode voltage drop between the emitter and collector and thus
reduce the compliance. By increasing the gain of transistor 524 again the current in
transistor 522 is reduced thus providing a power saving. For example the current in
transistor may be reduced to about 1/30 or 3% of that in transistor 524.

In another alternative configuration as shown in Figure 6¢ a current mirror ¢ircuit 620 is
shared between a plurality of column lines using a multiple-collector transistor 622. If
only one such current mirror 620 is employed for a set of column lines the column
current for each of the tines must be set in turn where different column currents are
needed on the different lines. However the cnrrent mirror 620 may be employed ina
variant of the circuit of Figure 5 in which the control circuitry selects one of a
predetermined set of cutrents for the column lines rather than controlling a bipolar
current driver on each column line. Thus, for example, where the display provides
sixteen different levels of pixel brightness (for bit control) sixteen current mirrors 620
may be provided to supply the sixteen different levels of current to each of the column
line outputs of the driver, the control circuitry then selecting an appropriate current.
Where there are fewer levels of pixel brightness than columns this approach can
simplify the driver circuitry.

In a further variant (not shown) the current mirror may be dispensed with and the base
voltage of transistor 524 controlled to control the output current, although it is more
difficult to obtain accurate current control with such an arrangement. The skilled person
will also appreciate that although the circuit of Figure 5 uses PNP transistors to provide

current sources, the circuit may also be inverted to employ controllable current sink
drivers using NPN transistors,

No doubt many other effective alternatives will oceur to the skilled person and it should

be understood that the invention is not limited to the described embodiments but
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encompasses modifications apparent to those skilled in the art lying within the spirit and

scope of the claims appended hereto.
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CLAIMS:
1. A display driver for a passive organic electroluminescent display, the display
driver comprising:

a controllable current generator to provide a variable current drive output to the
display, the current generator comprising at least one bipolar transistor in series with the
current drive output;

whereby the display brightness is adjustable by controlling the current generator
to vary the current drive to the display.

2. A display driver as claimed in claim 1 wherein the passive organic
eleetroluminescent display is a passive matrix display having a plurality of pixels
addressed by row and column electrodes, the display driver having a plurality of said
current generators for driving a plurality of one of said row and column electrodes,
whereby the brightnesses of said pixels are adjustable to provide a greyscale display.,

3. A display driver as claimed in ¢laim 1 or 2 wherein said bipolar transistor has an

emitter terminal substantially directly connected to a power supply line of the driver.

4, A display driver as claimed in claim 3 wherein the controllable current generator

includes a current mirror circuit.

5. A display driver as claimed in claim 1 further comprising control circuitry to
control the current geperator, the control cireuitry comprising at least one MOS
transistor.

6. A display driver as claimed in claim 1 further comprising control circuitry to
control the current generator; wherein the current generator js controllable by a current
input, and wherein the control ¢ircuitry is configuted to provide a variable current

output to the current generator current input.
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7. A display driver as claimed in claim 6 wherein the control circuitry includes a
digital-to-analogue converter to convert a digital control signal input to an analogue
signal for providing said variable current output.

8. Display driver circuitry for an organic electroluminescent display, the display
comprising a plurality of organic clectroluminescent pixels each pixel being addressed
by one of each of a first plurality and a second plurality of driving electrodes, the
display driver circuitry comprising:

a power supply cormection;

a plurality of electrode driver outputs for driving a plurality of said display
driving electrodes;

a plurality of variable current driver circuits, each having a control input and
providing a variable current drive for a said electrode driver output, and each
comptising a bipolar current drive transistor having an emitter terminal substantially
directly connected to said power supply connection and a ¢ollector terminal coupled to a
said electrode driver output; and '

contro] circuliry coupled to the control inputs of said driver circuits and
configured to provide an analogue signal to each said control input for controlling the
variable current drive provided by each said driver circuit;

whereby the brightness of each pixel is adjustable.

9. Display driver circuitry as claimed in claim 8 whetein each said current driver
circuit comprises a current mirror having an output coupled to a said electrode driver

output and a current control line coupled to said control input.

10.  Display driver circuitry as claimed in ¢laim 8 or 9 wherein said bipolar current

drive transistor comprises 2 Darlington transistor pair.

11.  Display driver circuitry as claimed in claim 8, 9 or 10 wherein said control
circuitry comprises MOS transistors,

12.  Display driver circuitry as claimed in claim 11 wherein a said current driver

control input comprises a current set input wherein the control circuitry for each of said



WO 03/079322 PCT/GB03/01100
19

current driver circuits comprises a controllable current setting means coupled to said

current set input.

13.  Display driver circuitry as claimed in claim 12 wherein the controllable current

setting means comprises a plurality of FET switches each coupled to a respective

current setting component,

14,  Display driver circuitry as claimed in any one of claims 8 to 13 wherein said
electrode driver outputs are configured for driving electrodes of one of said first and
second pluralities of display driving electrodes, and further comprising a plurality of
second bipolar transistors for switching current from electrodes of the other of said first

and second pluralities of display driving electrodes.

15.  Display driver circuitry as claimed in claim 14, further comprising a second
power supply connection, and wherein each said second bipolar transistor has an emitter
terminal substantially directly connected to said second power supply connection and a
collecter terminal coupled to a connection for an electrode of the other of said first and

second pluralities of display driving electrodes.

16. A column electrode display driver for a passive OLED display, the display
comprising a matrix of OLEDs and a plurality of row and column electrodes, each
OLED having an anode coupled to a said column electrode and a cathode coupled to a
said row electrode, the display driver comprising a plurality of independently
adjustable, high compliance bipolar column current drivers each having an analogue

input for providing a variable column current drive to the display. |

17. A column electrode display driver as ¢laimed in claim 16 wherein each said
column current driver comprises 2 bipolar transistor having an emitter directly

connected to a power supply connection,

18. A column electrode display driver as claimed in claim 17 further comprising a
MOS column current drive controller.
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19. A column electrode display driver as claimed in claim 18 wherein each said
column current driver comprises a current mirror with a current control connection, and
wherein said MOS controller is configured to control a current in the current control

cormection of each colummn current driver.

20.  Display driver circuitry for an organic electroluminescent display, the display
comprising a plurality of organic electroluminescent pixels each pixel being addressed
by one of each of a first plurality and a second plurality of driving electrodes, the
display driver circuitry comprising:

a power supply connection;

a plurality of electrode driver outputs for driving a plurality of said display
driving electrodes;

a plurality of current driver circuits for each driving electrode for providing a
plurality of current drives for a said electrode driver output, each having a control input
and each comptising a bipolar current drive transistor having an emitter terminal
substantially directly connected to said power supply connection and a collector
terminal coupled to a said electrode driver output; and

control circuitry coupled to the control inputs of said driver circuits and
configured to provide a signal to each said control input for controlling the current drive
provided to a said electrode driver output;

whereby the brightness of each pixel is adjustable.

21. A method of increasing the efficiency of a current driver for an organic
electroluminescent display, the method comprising;

using a bipolar transistor with an emitter terminal substantially directly
connected to a power line to prbvide a current drive for the display; and

using a voltage for the power line such that when the organic electroluminescent
display is at substantially a maximum desired brightness the bipolar transistor cutrent
drive is operating substantially at its limit of compliance.

22. A method as claimed in claim 21 wherein the organic electroluminescent display

is a variable brightness display and said current drive is a variable current drive.
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