97044120 A1 I A! A0 O 00 0 0 0 A

O

W

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

(19) World Intellectual Property Organization { f"
International Bureau

(43) International Publication Date
9 April 2009 (09.04.2009)

) IO O T O O A

(10) International Publication Number

WO 2009/044120 Al

(51) International Patent Classification:
G09G 3/32 (2006.01)

(21) International Application Number:
PCT/GB2008/003300

(22) International Filing Date:
26 September 2008 (26.09.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0719511.8 5 October 2007 (05.10.2007) GB
(71) Applicant (for all designated States except US): CAM-
BRIDGE DISPLAY TECHNOLOGY LIMITED
[GB/GB]; Building 2020, Cambourne Business Park,

Cambridge CB3 6DW (GB).

(72) Inventor; and

(75) Inventor/Applicant (for US only): SMITH, Euan
[GB/GB]; 10 Rampton Drift, Longstanton, Cambridgeshire
CB24 2EH (GB).

(74) Agent: TURNBULL, Alex; HI.BBshaw, 1200 Century
Way, Thorpe Park Business Park, Colton, Leeds LS15 8ZA
(GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: PIXEL CIRCUIT

3 @ w
( Data 72
Select 1 {
70L‘ 56
S;Iect 2 . ég \/Iolf ]
[ 02/ OLED
%!gk 2
(
pf urc. é S,Lf

(57) Abstract: A pixel driver circuit is provided for active matrix driving of an organic light emitting diode (OLED). The pixel
circuit is characterised by comprising a drive transistor having a current path connected to a first voltage supply line at one end and
& to an OLED at the other end and a gate terminal connected to a storage element connected between gate and source of the drive
€\ transistor to memorise a drive signal for the drive transistor under the control of a first switch transistor having a gate connection to
a first selection line and a current path connected between gate and drain of the drive transistor; a second switch transistor having a
gate connection to a second selection line, wherein the second switch transistor has a current path connected to the data line at one
end and a node at the other end located between the drive transistor and the OLED.
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PIXEL CIRCUIT

' The present invention relates, in general, to a pixel circuit for an active matrix

driven organic electroluminescent device.

Organic light emitting diodes (OLEDs) comprise a particularly preferred form of
electro-optic emitter. Displays fabricated using OLEDs provide a number of
advantages over LCD and other flat panel technologies. They are bright, fast
switching (compared to LCDs), provide a wide viewing angle and are easy and

cheap to fabricate on a variety of substrates.

Organic (which here includes organometallic) LEDs may be fabricated Using
materials including polymers, small molecules and dendrimers, in a range of
colours which depend upon the materials employed. Examples of polymer-
based OLEDs are described in WO 90/13148, WO 95/06400 and
WO 99/48160; examples of dendrimer-based materials are described in
WO 99/21935 and WO 02/067343; and examples of so-called small molecule
based devices are described in US 4539507.

With reference to Figure 1, the general device architecture of an OLED
comprises a transparent glass or plastic substrate 1, and anode 2 of indium tin
oxide and a cathode 4. An organic electroluminescent layer 3 is provided
between anode 2 and cathode 4. Further layers may be Iocéted between
anode 2 and cathode 4, such as charge transporting, charge injecting or charge

blocking layers.

Electroluminescent layer 3 may be patterned or unpatterned. For example, a
device used as an illumination source may be unpatterned. A device
comprising a patterned layer may be a passive matrix display or an active
matrix display. In a passive matrix display, the anode 2 is formed of parallel
stripes of anode material and the electroluminescent layer 3 is deposited over

the striped anode 2. Parallel stripes of the cathode 4 are arranged over the
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electroluminescent layer 3 orthogonal to the parallel stripes of the anode 2.
Adjacent stripes of cathode 4 are typically separated by stripes of insulating
material — so called “cathode separators”, formed by photolithography. Passive
matrix displays are driven using column and row drivers by repetitively scanning
the display to address individual pixels along columns and rows represented by
the orthogonal anode and cathode stripes respectively. So-called active matrix
displays typically have a patterned electroluminescent layer 3 used in
combination with a patterned anode 2 and an unpatterned cathode 4. In an
active matrix driving scheme each pixel of a display comprises its own
associated drive circuitry. The driver circuitry typically comprising at least a
memory element such as a capacitor, an address transistor or switching

transistor and a drive transistor.

An OLED device may be fully transparent where both anode 2 and cathode 4
are transparent. So called “Top-emitting” OLED devices having transparent
cathodes are particularly advantageous for active matrix devices because
emission through a transparent anode in such devices is at least partially

blocked by drive circuitry located underneath the emissive pixels.

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.

Figure 2 shows an example of a voltage controlled OLED active matrix pixel
circuit 10. A pixel circuit 10 is provided for each pixel of the display and ground
12, Vss 14, row select 16 and column data 18 bus lines are provided
interconnecting the pixels. Accordingly, each pixel has a power and ground
connection and each row of pixels has a common row select line 16 and each

column of pixels has a common data line 18.
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Each pixel has an OLED 20 connected in series with a driver transistor 22
between ground and power lines 12, 14. A gate terminal 24 of driver transistor
22 is connected to a storage capacitor 26 and an addressing transistor 28
connects gate terminal 24 to column data line 18 under the control of row select
line 16. The addressing transistor 28 is a thin film Field Effect Transistor (FET)

- switch which connects column data line 18 to the gate terminal 24 and the

capacitor 26 when row select line 16 is activated. In this way, when the
addressing transistor 28 is ON a voltage on column data line 18 can be stored
on the capacitor 26. This is generally known as programming the pixel circuit.
The voltage is retained on the capacitor 26 for at least the frame refresh period
because of the relatively high impedances of the gate connection to the driver

transistor 22 and of the addressing transistor 28 in an OFF state.

The driver transistor 22 is typically also a FET transistor and passes a (drain-
source) current which is dependent upon the transistor's gate voltage less a
threshold voltage. ‘The voltage at gate terminal 24 therefore controls the current
through OLED 20 and in turn the brightness of OLED 20. The voltage
controlled circuit of Figure 2 may suffer from a number of drawbacks, in
particular because the OLED 20 emission depends non-linearly on the applied .
voltage and current control is preferable since the light output from an OLED is
proportional to the current it passes. Figure 3 (in which like elements to those
of Figure 2 are represented by like reference numerals) illustrates a variant of
the circuit of Figure 2 which employs current control. A current on the (column)
data line, set by current generator 30 “programs” the current through FET 32,
which in turn sets the current through OLED 20 since when transistor 28a is ON

(matched) transistors 32 and drive transistor 22 form a current mirror. -

Where the active matrix drive circuitry comprises organic thin film transistors
(OTFTs) or transistors fabricated in LTPs (Low Temperature Polysilicon) the

transistors are generally referred to as p-type devices.
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Where the active matrix drive circuitry comprises transistors fabricated in
hydrogenated amorphous silicon (a-Si:H) the transistors are generally referred

to as n-type devices.

One problem encountered in FET technology (a-Si:H and LTPs) is shift in
threshold voltage (Vth) for continuous operation. Generally, the shift in Vth for
a-Si:H transistors is very sensitive to voltage stress. Application of the high
voltages above threshold needed for a drive transistor causes large changes in
threshold voltage. This manifests itself as different driving transistors passing
different driving currents to an OLED for the same applied programming signal.
Accordingly, this may result in a problem of non-linearities in brightness of

pixels across a display.

One approach to solve the aforementioned problem has been put forward by
Shirasaki, T et al (hereinafter Shirasaki) in “Solution for Large-Area Full-Color
OLED Television Light Emitting Polymer and a-Si TFT Technologies” vol I,
p275-278, December 2004 in Proceedings of International Display Workshop
(IDW) and available on-line at http://hat-lab.ed.kyusha-
u.ac.jp//Documents/AMD3_OLEDS5-1.pdf. This paper discloses a three
transistor a-Si TFT pixel circuit in which it is purported that the pixel circuit and
driving scheme can compensate for instability caused by a shift in threshold

voltage.

Referring to Figures 4a and 4b which illustrate in Figure 4a, a pixel circuit of
Shirasaki and in Figure 4b an associated timing chart for the pixel circuit of
Figure 4a, it is seen that during driving of the pixel circuit, the source voltage,
Vsource Must be varied such that during the writing stage Vsource is low and during
the holding or driving stage Vsource returns to high. In some cases this may not
be desirable, for example, if existing “off the shelf’ driver components are used,
a standard LCD row driver may not be able to provide these varying non-
standard signals. The modulation of Vseuce can also cause some modification

of the capacitance thereby reducing the drive current I3 below that intended.
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Other methods suggested for compensation schemes require more complicated
pixel circuit configurations and drive schemes. In any device, there exists an
upper limit on the amount of “real-estate” for additional devices together with a
need to keep fabrication simple.  Moreover, an aperture ratio of a display,
defined generally as the space occupied by viewable emitting pixels compared
to that used by bus lines or devices is reduced the more devices or lines that

are included as a device.

A further parameter which affects the light emission of an OLED over time
comes from the OLED itself and in particular due to aging of the OLED. As
OLEDs age they generally become less efficient causing a loss of light output.
The loss of light output is generally thought to arise from a decrease in current-
to-photon conversion efficiency and from an increase in OLED resistance that

results in a reduction of current through the OLED for a given drive signal.

It is desirable to provide an improved pixel circuit which seeks to compensate

for threshold variation in a drive transistor of the pixel circuit.

It is also desirable to provide an improved pixel circuit which seeks to

compensate for OLED aging.

it is also desirable to provide an improved pixel circuit that reduces the number

of bus lines so that the aperture ratio of the device can be increased.
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According to a first aspect of the present invention there is provided a pixel
driver pixel driver circuit for driving an organic light-emitting diode (OLED)
comprising: a first selection line; a second selection line; a data line; a first
voltage supply line; and a drive transistor having a current path connected to
the first voltage supply line at one end and the OLED at the other end and a
gate terminal connected to a storage element connected between gate and
source of the drive transistor to memorise a drive signal for the drive transistor
under the control of a first switch transistor having a gate connection to the first
selection line and a current path connected between gate and drain of the drive
transistor; a second switch transistor having a gate connection to the second
selection line, wherein the second switch transistor ‘has a current path
connected to the data line at one end and a node at the other end located
between the drive transistor and the OLED.

In a further embodiment, a third selection line and a third switch transistor
having a gate connection to the third selection line is provided, wherein the third
switch transistor is located in the current path of the drive transistor in series
between the OLED and drive transistor.

Preferably, the first selection line is a non-inverted selection line and the third
selection line is an inverted selection line such that when the first selection line
is HIGH the third selection line is LOW.

More preferably, the first and second selection lines are common.

Preferably, the first voltage supply line and another selection line are formed as

a combined voltage supply and selection line.

Preferably, the first voltage supply line and another selection line are formed as
a combined voltage supply and selection line and wherein the first and second

selection lines are common.
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In a further embodiment, the another selection line is the first selection line of a

neighbouring pixel circuit sharing a common data line.

In embodiments of the present invention, the drive transistor is an n-type

transistor and preferably fabricated from amorphous silicon.

Preferably, the OLED has a current path such that an anode terminal of the

OLED is connected to the drive transistor.

The present invention also provides a plurality of pixel driver circuits as
described above and arranged in row and columns, each data line being
shared by each pixel circuit in a column and each combined voltage supply line
and all selection lines being shared by each pixel circuit in a row, wherein, for a
particular column and during addressing the combined voltage supply and
selection line of the n-1th pixel driver circuit acts as the first voltage supply line
to the nth pixel driver circuit and the combined voltage supply and selection line
of the n+1th pixel driver circuit acts as a selection line to the nth pixel driver

circuit.

Preferably, the pixel driver circuits are arranged in row and columns to form the
display and each data line is shared by each pixel circuit in a column and each

selection line is shared by each pixel circuit in a row.

Preferably, the second switch transistor is connected to a voltage sensing
device for sensing a voltage drop across an OLED and for generating a sensed
voltage drop signal to a controller for adjusting the drive signal in response to

the sensed voltage drop signal.

More preferably, the sensed voltage drop signal is provided to a lookup table for
storing voltage data representing a relationship between voltage and drive
signal for a characteristic OLED and the controller being programmed to adjust

the drive signal in response to the relationship.
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In embodiments the voltage sensing device is for sensing the voltage drop of all
the OLEDs of the display and a plurality of voltage sensing devices are
provided, each for sensing a voltage drop on a sub-set of the OLEDs of the
display. The sensed voltage drop sensed by the voltage sensing device can be

a combination of the voltage drops across a plurality of the OLEDs.

Preferably, the present invention further provides an active matrix display
device further comprising a module for determining a transistor characteristic of

a transistor of a pixel driver circuit from the sensed voltage drop signal.

The determined transistor characteristic can be a threshold voltage shift of the

drive transistor. Particularly, the pixel driver circuits are current-programmed.

According to a second aspect of the present invention, there is provided a pixel
driver circuit for driving an organic light-emitting diode (OLED) comprising: a
first selection line;  a data line; a first voltage supply line; and a drive transistor
having a current path connected to the first voltage supply line at one end and
the OLED at the other end and a gate terminal connected to a storage element
connected to the data line to memorise a drive signal for the drive transistor
under the control of first and second switch transistors having gate connections
to the first selection line; a third switch transistor having a gate connection to a
second selection line, wherein the third switch transistor is located in the current

path of the drive transistor in series between the OLED and drive transistor.

Preferably, the first selection line is a non-inverted selection line and the second
selection line is an inverted selection line such that when the first selection line
is HIGH the second selection line is LOW. More preferably, the first voltage
supply line and another selection line are formed as a combined voltage supply
and selection line and optionally the another selection line is the first selection

line.
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Embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings in which:

Figure 1 is a prior art example of an organic electroluminescent device;

Figure 2 is a prior art example of a voltage driven active matrix OLED pixel
circuit;

Figure 3 is a prior art example of a current driven active matrix OLED pixel
circuit;

Figure 4a is a prior art example of a current driven active matrix OLED pixel
circuit;

Figure 4b is a timing diagram for the pixel circuit illustrated in Figure 43a;

Figure 5 is a pixel circuit according to a first embodiment of the present
invention;

Figure 6 is a pixel circuit according to a second embodiment of the present
invention; and

Figure 7 is a pixel circuit according to a third embodiment of the present

invention.

Referring to Figure 5, a first embodiment of the present invention illustrates a
pixel circuit 50. Such a pixel circuit 50 is provided for each OLED 52 of the
overall display (not shown) of pixels. A ground 54, supply voltage rail 56, first

row select 58 and column data 60 lines are provided interconnecting the pixels.

A second row select line 62 is also provided interconnecting the pixels.
Accordingly each pixel circuit 50 has a common ground 54, supply voltage rail
56, and each pixel has a common first and second row select line 58, 62 and

column data line 60.

The OLED 52 is connected in series with a first transistor 64 and a drive
transistor 66 between supply voltage rail 56 and ground 54. The cathode
terminal of the OLED 52 is connected to ground 54 and the anode terminal is

connected to the supply voltage rail 56 by way of the series connection with the
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first transistor 64 and drive transistor 66. A gate terminal of the first transistor
64 is connected to and thereby under the control of the second row select line
62.

The drive transistor 66 has a gate terminal connected to a first terminal of a
storage capacitor 68, a second terminal of which is connected to a first terminal
of a switch transistor 70. A gate terminal of the switch fransistor 70 is
connected to and thereby under the control of the first row select line 58. A
second terminal of the switch transistor 70 is connected to the column data line
60. A second transistor 72 has a gate terminal connected to and thereby under
the control of the first row select line 58, a first terminal connected to the first
terminal of storage capacitor 68 and gate terminal of the drive transistor 66 and

a second terminal connected to the supply voltage rail 56.

In operation, the pixel circuit 50 comprises a supply voltage Vdd being applied
across the pixel circuit 50 from the supply voltage rail 56 to ground 54. The
programming stage comprises the first row select line 58 being HIGH thereby
turning ON the switch transistor 70 and second transistor 72. At the same time,
the second row select line 62 which is an inverted row select line compared to
the first row select line 58 is LOW and switches off the first transistor 64. Thus
OLED 52 is isolated from the voltage supply line removing a need to modulate
the supply voltage between low and high levels. A voltage on column data line
60 can therefore be stored on capacitor 68. During an emission stage the first
row select line is LOW thereby turning off the switch transistor 70 and second
transistor 72. At the same time, the second row select line 62 is HIGH enabling
the drive transistor 66 and the first transistor 64 to pass a (drain-source) current
to the OLED 52.

The pixel circuit 50 of Figure 5 (and Figures 6 and 7 below) are current-
controlled with the addition of a current generator (not shown) on the column

data line 60 as is known in the art.
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Referring to Figure 6, in which like elements to those of Figure 5 are indicated
by like reference numerals, a second embodiment of the present invention
illustrates a pixel circuit 100. The pixel circuit 100 comprises an additional row

select line 102.

The switch transistor 70 has a gate terminal connected to the additional row
select line 102 and thereby under the control of the additional row select line
102, and a first terminal connected to a second terminal of a storage capacitor

68 and a first terminal connected to a column data line 60.

In operation, in a programming stage of the pixel circuit 100, a supply voltage
Vdd is held at a low potential such that there is a substantially zero potential
difference across the OLED 52. During the programming stage both the first
row select line 58 and additional row select line 102 are HIGH thereby a voltage
on column data line 60 can be stored on the capacitor 68. During the emission
stage, the supply voltage Vdd goes to a high potential and the first row select
line 58 and additional row select line 102 are LOW. Accordingly, the drive
transistor 66 enables a (drain-source) current to pass through the OLED 52.

The present embodiment as illustrated in Figure 6 includes a measurement
stage whereby the additional select line 102 is HIGH and enabling a voltage
drop on the column data line 60 to be measured across the OLED 52 from node
104 to ground 54. Since it is known that the voltage drop across an OLED can
vary due to aging of the organic materials, the measured voltage drop is
indicative of and can be used to compensate for such aging. Such a voltage
drop may be measured and compared with a look up table which via a controller
may require the pixel circuit 100 to be programmed with a higher or lower drive
signal (voltage or current) on the column data line 60. Individual pixels may be
compensated for in this way or a number of pixels may be measured and
compensated for row by row or the device may be compensated for as a whole.
A voltage drop over a number of OLEDs 52 may be obtained by a combination

of voltage drops across a number of OLEDs 52.
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Referring to Figure 7, a third embodiment of the present invention illustrates two
pixel circuits 200 and 250. In Figure 7 like elements to these described in
Figures 5 and 7 are indicated by like reference numerals. Referring to Figure 7,
a voltage supply line 252 of the pixel circuit 250 is shared with the row select
line 254 of adjacent pixel circuit 200. Accordingly, the number of bus lines of
the device is reduced. Thus the voltage supply line and row select line are

combined and shared between a number of pixel circuits.

This embodiment of pixel circuit may be incorporated with embodiments 1 and 2
together or alone if a reduction in the overall number of bus lines in the device is
required. Moreover, embodiment 1 may be combined with embodiment 2 if it is
desired to implement a pixel circuit capable of providing a compensation for
OLED aging without a need to modulate the supply voltage.

No doubt many other effective alternatives will occur to the skilled person. It will
be understood that the invention is not limited to the described embodiments
and 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 pixel driver circuit for driving an organic light-emitting diode (OLED)
comprising:

a first selection line;
a second selection line;
a data line;
a first voltage supply line; and
a drive transistor having a current path connected to the first voltage
supply line at one end and the OLED at the other end and a gate
terminal connected to a storage element connected between gate
and source of the drive transistor to memorise a drive signal for the
drive transistor under the control of a first switch transistor having a
gate connection to the first selection line and a current path
connected between gate and drain of the drive transistor; a second
switch transistor having a gate connection to the second selection
line, wherein the second switch transistor has a current path
connected to the data line at one end and a node at the other end
located between the drive transistor and the OLED.

2. A pixel driver circuit as claimed in claim 1, further comprising a third
selection line and a third switch transistor having a gate connection to the
third selection line, wherein the third switch transistor is located in the
current path of the drive transistor in series between the OLED and drive

transistor.

3. A pixel driver circuit as claimed in claim 2, wherein the first selection line
is a non-inverted selection line and the third selection line is an inverted
selection line such that when the first selection line is HIGH the third

selection line is LOW.
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A pixel driver circuit as claimed in 2 or 3, wherein the first and second

selection lines are common.

A pixel driver circuit as claimed in any one of claims 1 to 4, wherein the
first voltage supply line and another selection line are formed as a

combined voltage supply and selection line.

A pixel driver circuit as claimed in claim 1, wherein the first voltage
supply line and another selection line are formed as a combined voltage
supply and selection line and wherein the first and second selection lines

are common.

A pixel driver circuit as claimed in claim 5 or 6, wherein the another
selection line is the first selection line of a neighbouring pixel circuit

sharing a common data line.

A pixel driver circuit as claimed in any preceding claim, wherein the drive

transistor is an n-type transistor.

A pixel circuit as claimed in claim 8, wherein the drive transistor is an

amorphous silicon transistor.

A pixel circuit as claimed in any preceding claim, wherein the OLED has
a current path such that an anode terminal of the OLED is connected to

the drive transistor.

A plurality of pixel driver circuits as claimed in any one of claims 5 to 10
and arranged in row and columns, each data line being shared by each
pixel circuit in a column and each combined voltage supply line and all
selection lines being shared by each pixel circuit in a row, wherein, for a
particular column and during addressing the combined voltage supply

and selection line of the n-1th pixel driver circuit acts as the first voltage
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13.

14.

15.

16.

15

supply line to the nth pixel driver circuit and the combined voltage supply
and selection line of the n+1th pixel driver circuit acts as a selection line

to the nth pixel driver circuit.

An active matrix display device comprising an array of pixel driver circuits
as claimed in any preceding claim, wherein the pixel driver circuits are
arranged in row and columns to form the display and each data line is
shared by each pixel circuit in a column and each selection line is shared

by each.pixel circuit in a row.

An active matrix display device as claimed in claimed in claim 12,
wherein the se(;ond switch transistor is connected to a voltage sensing
device for sensing a voltage drop across an OLED and for generating a
sensed voltage drop signal to a controller for adjusting the drive signal in

response to the sensed voltage drop signal.

An active matrix display device as claimed in claim 13, wherein the
sensed voltage drop signal is provided to a lookup table for storing
voltage data representing a relationship between voltage and drive signal
for a characteristic OLED and the controller being programmed to adjust

the drive signal in response to the relationship.

An active matrix display device as claimed in claim 13 or 14, wherein the
voltage sensing device is for sensing the voltage drop of all the OLEDs of

the display.

An active matrix display device as claimed in claim 13 or 14, wherein a
plurality of voltage sensing devices are provided, each for sensing a

voltage drop on a sub-set of the OLEDs of the display.
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An active matrix display device as claimed in any one of claims 13 to 16,
wherein the sensed voltage drop sensed by the voltage sensing device is

a combination of the voltage drops across a plurality of the OLEDs.

An active matrix display device as claimed in any one of claims 13 to 17,
further comprising a module for determining a transistor characteristic of

a transistor of a pixel driver circuit from the sensed voltage drop signal.

An active matrix display device as claimed in claim 18, wherein the

transistor characteristic is a threshold voltage shift of the drive transistor.

An active matrix display device as claimed in any one of claims 11 to 18,

wherein the pixel driver circuits are current-programmed.

A pixel driver circuit for driving an organic light-emitting diode (OLED)
comprising:
a first selection line;
a data line;
a first voltage supply line; and
a drive transistor having a current path connected to the first
voltage supply line at one end and the OLED at the other end and a
gate terminal connected to a storage element connected to the data
line to memorise a drive signal for the drive transistor under the
control of first and second switch transistors having gate connections
to the first selection line;
a third switch transistor having a gate connection to a second
selection line, wherein the third switch transistor is located in the
current path of the drive transistor in series between the OLED and

drive transistor.

A pixel driver circuit as claimed in claim 20, wherein the first selection

line is a non-inverted selection line and the second selection line is an



10

15

WO 2009/044120 PCT/GB2008/003300

22.

23.

24.

25.

17

inverted selection line such that when the first selection line is HIGH the

second selection line is LOW.

A pixel driver circuit as claimed in claim 20 or 21, wherein the first
voltage supply line and another selection line are formed as a combined

voltage supply and selection line.

A pixel driver circuit as claimed in claim 22, wherein the another selection

line is the first selection line.

A pixel driver circuit substantially as hereinbefore described and/or with

reference to Figures 5, 6 and 7 of the accompanying drawings.

An active matrix display device substantially as hereinbefore described
and/or with reference to Figures 5, 6 and 7 of the accompanying

drawings.



WO 2009/044120

PCT/GB2008/003300

WS
e ‘
et
<«— 1
Figure 1
73 /[ Q\ COLUMN_DATA
GND /
26
9 Loy 29
i 7
ROW_SELECT
\ g 20
: / Yicol o ‘g{SZ/ OLED
/ / Vss /L'L @/J
0 Figure 2
12 \(COLUMN_DATA
GND /
72 1/
l]tl 1z Z(FI Y 22
= L IL,
| N\ N
ROW_SELECT 28 28a :
/‘6 20
/“L *"mho ‘g{% OLED
Vss / é/ |

Figure 3



WO 2009/044120 PCT/GB2008/003300

a4
Ot
Source line
VSouroe
Select line
1 Vsetext
| | L
3 T1
3
§ | |
< 'I‘2 b
! llou-:b
e =
Figure 4a
L Framing -
Writing Holding \‘:
VSelea )_‘ {} {
VSoumf 5
- | »
A B = ,
Iy —_— ~
foLen {




WO 2009/044120 PCT/GB2008/003300

3+

rEp s
FEB«K%

‘Select :70 68 [—l_/
) ?\
61 =

Frauwee S
U
g 60
| ( Data 2 ' :
Select 1 { .

| L_‘ ‘Vdd :
703 E{%@é 6
Select 2 . 0 ég i IO‘/-

/ 022/ OLED

=\

GND

F I'?urt, é ‘Q’L




WO 2009/044120 PCT/GB2008/003300

o]

LED

GND %2
6dd(n+1)/se|ect(n)

:'EE ¢ S




INTERNATIONAL SEARCH REPORT

international application No

PCT/GB2008/003300

A. CLASSIFICATION OF SUBJECT MATTER
INV. G09G3/32

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G09G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to ctaim No.
X US 2005/088103 Al (KAGEYAMA HIROSHI [JP] ' 1,2,
ET AL) 28 April 2005 (2005-04-28) 8-10,12
paragraphs [0039] - [0043], [0054]
figures 1,2,4
X US 6 229 506 Bl (DAWSON ROBIN MARK ADRIAN 1-4,
[US] ET AL) 8 May 2001 (2001-05-08) 8-10,12,
, _ 20,21
Y 5-7,11,
13-19,
23-26
column 2, line 55 - column 4, line 34
figure 2
Y US 2005/140304 A1l (CHANG HUNG J [TW] ET 5-7,11,
AL) 30 June 2005 (2005-06-30) 23-26
paragraphs [0009], [0022] - [0026]
figure 2
-/

m Further documents are listed in the continuation of Box C.

. [] See patent family annex.

* Special categories of cited documents :

"A' document defining the general state of the art which is not
considered to be of particular relevance

"E' earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publicalion date of another
citation or other special reason (as specified)

*0* document referring to an oral disclosure, use, exhibition or
other means

*P' document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the art. '

“&" document member of the same patent family

Date of the actual completion of the international search

15 January 2009

Date of mailing of the intemational search report

23/01/2009

Name and mailing address of the ISA/ .
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Ladiray, Olivier

Form PCT/ISA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

paragraphs [0063], [0065], [0095]
figure 6

PCT/GB2008/003300
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005/040441 A1l (KIMURA HAJIME [JP]) 5-7,11,
24 February 2005 (2005-02-24) 23-26
paragraphs [0016], [0079], [0080]
figure 3
Y US 2007/195020 A1 (NATHAN AROKIA [CA] ET 13-19
AL) 23 August 2007 (2007-08-23)
paragraphs [0071] - [0078]
paragraphs [0115] - [0122]
figures 7,22
Y US 2005/110420 A1 (ARNOLD ANDREW D [US] ET 13-19
AL) 26 May 2005 (2005-05-26)
paragraphs [0022] - [0024]
figure la
X US 2004/246241 A1 (SATO KAZUHITO [JP] ET 1,8-10,
AL) 9 December 2004 (2004-12-09) 12
Y 5-7,11,
13-19,
23-26

Form PCT/ISA/210 (continuation of second sheat) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

international application No

PCT/GB2008/003300
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005088103 A1l 28-04-2005 CN 1612192 A 04-05-2005
JP 2005134435 A 26-05-2005
KR 20050040679 A 03-05-2005

US 6229506 Bl 08-05-2001  NONE

US 2005140304 Al 30-06-2005 TW 227651 B 01-02-2005

US 2005040441 Al 24-02-2005  NONE

US 2007195020 Al 23-08-2007 WO 2007090287 Al 16-08-2007
EP . 1987507 Al 05-11-2008

us 2005110420 Al 26-05-2005 CN 1886774 A 27-12-2006
JP 2007514966 T 07-06-2007
KR 20060134938 A 28-12-2006
WO 2005055186 Al 16-06-2005

US 2004246241 Al 09—12—2004 AU 2003238700 Al 06-01-2004
CA 2460747 Al 31-12-2003
CN 1565013 A 12-01-2005
CN 101071538 A 14-11-2007
EP 1417670 Al 12-05-2004
HK 1073379 Al 29-08-2008
WO 2004001714 Al 31-12-2003
JP 2004021219 A 22-01-2004
MX PAD4002755 A 29-06-2004
NO 20041152 A 19-01-2005
TW 250483 B 01-03-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[R50 i (% RIAR) A (i)
o (S RIA) A (i2)

S 3T H (B FIR) A (F)
HRIK A A

KA

IPCHE&

CPCH¥%k=
REALI(E)

5648

Shapet i

BEG®F)

ek

EP2195805A1 K (AE)B
EP2008806450

Sl REARBRAF
SR AR ARAE
QIR RRHEARAF
SMITH EUAN

SMITH, EUAN

G09G3/32

2010-06-16

2008-09-26

patsnap

G09G3/325 G09G2300/0417 G09G2300/0465 G09G2300/0842 G09G2300/0861 G09G2320/043

SHARP , ALAN COOPER

2007019511 2007-10-05 GB

Espacenet

RUGERRHEEATHENRA-IRE (OLED ) WERIEMRE . Z&
ZEENBIETIRERNREE  ZRIREEEREED KNS
—HBEMNE NS —mAOLED BREEE , URERIERERI KK
E AR AR < B B 7 T A AR IR o SR TR RBERS
TRREZRHREENEHNES  ZF-—FTXFAEEFIE EELN
AR S AE B I 3h R AR E RO MR AR AR AR < (6 B9 BB R BR R S =TT R &
#E  ERIFE - ARKOMIERE  HPE A XRFEERE K
ERIBIRL N BRBEENER S REENOLED B E#EE 5 — KA T

=1

/™o


https://share-analytics.zhihuiya.com/view/5ee1b969-1a62-4d1e-be1d-3c3c95c42ade
https://worldwide.espacenet.com/patent/search/family/038739211/publication/EP2195805A1?q=EP2195805A1

