a9y United States

12) Patent Application Publication (o) Pub. No.: US 2008/0246703 A1

Smith

(43) Pub, Date: Oct. 9, 2008

(54) DISPLAY DRIVING METHODS AND (30) Foreign Application Priority Data
APPARATUS FOR DRIVING A PASSIVE
MATRIX MULTICOLOR Aug. 23,2005 (GB) v 0517215.0
ELECTROLUMINESCENT DISPLAY
(75) Inventor: Euan C. Smith, Cambridgeshire Publication Classification
(GB) (51) Imt.ClL
G09G 3/30 (2006.01)
Correspondence Address:
MARSHALL, GERSTEIN & BORUN LLP (52) US.Cl oot 345/80
233 S. WACKER DRIVE, SUITE 6300, SEARS
TOWER
CHICAGO, IL 60606 (US) G7) ABSTRACT
: A method of driving a passive matrix multicolor electrolumi-
(73)  Assignee: %%A y;ﬁéggléglsgﬁgm) nescent display, thé:g diIs)play comprising a plurality of pixels
Cambrideeshire (GB ’ arranged in rows and columns, each said pixel comprising at
ambridgeshire (GB) least first and second sub-pixels having different respective
(21) Appl. No.: 12/063.979 first and second colors, the method comprising: driving
’ groups of said pixels in turn to display a multicolor image
(22) PCT Filed: Aug. 9, 2006 frame, said driving of a group of pixels comprising driving
first and second sub-groups of sub-pixels of respective said
(86) PCT No.: PCT/GB2006/002961 first and second colors; and wherein said driving further com-
prises driving a said group of pixels for a duration dependent
§371 (©)(1), upon a maximum drive level of a sub-pixel of a said sub-
(2), (4) Date: Jun, 18,2008 group.
2
“zxééééé??ééééé%é@éég é 5
T O _IQ_CLJDDDEH“’ ]
01 A I
PO EEECOO OO CO T e
e R
B I A o L
T e
T O
TN 0 O, o O o / 210
:]r"D:JDE% .J‘r_:,}%laj}f T%Ll Dglrj_‘___j%_ﬁﬂ )
LA ] I I
f‘!—J 1 o 2 A r'r“m“:#g
E7i' { f | '*L/«'zrﬂli T
A7 T T T . Dy
208 /| DO OO D e e
ERRN RN IS T, .
AN RN I = T
0 O O, o
DT J L DCC O e e
RN, B
DDEIDE_JDDDTJDDD__,} R O o, O
SRR AR
NN O O I O m LI e 8
o/ [EEOCOOOOOC IO e -
(T O O i]DElﬂr_l DT e e



Patent Application Publication Oct. 9,2008 Sheet 1 of 9

|

US 2008/0246703 A1
4118
1
1
TN
‘/‘\\ CATHODE 110 P
Mo ONCEHECTROLUMNESCENT 108 7 112
= "\ HOLE TRANSPORT 106 P -
l ANODE 104 I
102
SUBSTRATE
00 / LIGHT EMISSION
Figure 1a
(PRIOR ART)
:111
154 154
162 152
- L 1%
3 108f] A A l/ma 118
N .
104 é»m KW/
[ ANODE METAL W
158 102
SUBSTRATE 102

I -

LIGHT EMISSION

Figure 1b



Patent Application Publication Oct. 9,2008 Sheet 2 of 9 US 2008/0246703 A1

o 200
+Vs
ééééééééééééé%%éégéééé
EDDQQD;JDDF‘MFE L‘JE:JDDD,JDDDEa *—
R A uDDDDDEH *—
DDD:DD:IUE]_)DQL TDDDDDD:MJ(" o
DDD;WDDJDD:]D:; SOOI e e
D-@QQQQJDEWE D ICIUIC L e @/
L‘JLJ_LI:;;_.J_.;_L!L:LMLJ [0 R
I OOOCOO I e e
N O LI e e / 210
R TDDL_IEJDLJQ:LEH ]
R O O
0 oo o
?{Hil !Ifii!li?zill N
JxmLJU__J LI TR T o I
08/ [EEE SOOI OO e e
:]DEDD I T"LD]DD[;)LJ:];-: (=
) DO T e e
O I A =" O 2
0 T T
A0S0 O I_. ODDOCDCH-e - e
DDDDDDDD:]_JDD ) T T S
DO JJJLJD;]DD"]DHDLJDDE* o
o O o, o
4w i i i D
O DA O EICIL L e e~



Patent Application Publication Oct. 9,2008 Sheet 3 of 9 US 2008/0246703 A1

/ 320

PSU i~

/ 318 / 314

PROCESSOR |—» Y DRIVER

310
- 312

.....

™ 304

316 \ ﬁ.‘u

™~ 304

& T T
Ry

.....

8//)43‘/"-)@/ S D

306

/ Figure 3
300 (PRIOR ART)



Patent Application Publication

Oct.9,2008 Sheet4 of 9

- A

US 2008/0246703 A1

PIXEL

BRIGHTNESS
A

Figure 4a

PIXEL
BRIGHTNESS
A

le. >P
T ONE FRAME PERIOD'

Figure 4c

Figure 4b

L

la %
¥ ONE FRAME PERIOD'

Figure 4d



Patent Application Publication Oct. 9,2008 Sheet 5 of 9 US 2008/0246703 A1

<™

Figure 4e

Jo

la

Figure 4h



Patent Application Publication Oct. 9,2008 Sheet 6 of 9 US 2008/0246703 A1

400
READ FRAME X
402 l

FACTORISE X INTO F,G

5404 l
FOR COUNT =1TO A

S406

SET G COLUMN ¢ -+ R (ROW VECTOR)

NORMALISE R SUCH THAT SUM OF ELEMENTS = 1
GIVING SCALE FACTOR x WHERE R « R |

SETFROW a —C (COLUMN VECTOR)

SCALE C SUCH THAT MAX ELEMENT VALUE = 1
GIVING SCALE FACTOR y WHERE C « »C .

SET FRAME SCALE FACTOR  f =§f-

—_——-
xy

5408 l

DRIVE DISPLAY COLUMN WITH F
DRIVE DISAPLY ROW WITH G
FOR (1/A} OF THE TOTAL FRAME PERIOD

Figure Af



Patent Application Publication Oct. 9,2008 Sheet 7 of 9 US 2008/0246703 A1

S410

INITIALISEF, G

8412

FORa=1TO A

5414 v

CALCULATE RESIDUAL R,*

S416 l 5499

CALCULATEG_F ITERATE

fa” au

FORi=1tol,u=1TOU

5418 l

IF G‘aor F, <0

SET TO ZERC

5420 l

LIMIT G or F,

USING UPPER AND LOWER
BOUNDS

Figure 4g



Oct. 9,2008 Sheet 8 of 9 US 2008/0246703 A1

Patent Application Publication

80¢ /

c0g /

80¢ /

e
™~

2

[42 0

W/ o s ] 2]

2 g S

3y

oie

o
|
. | K
EL

v/ﬁ( A A A

0ig

SHIAKA NWRT0D

o_.m.\

90¢
\ eg ainBi
1
\ 00g
b
5
= N\
O Zlg
P 2
<
mu.m_ abeloys
iz Mo0T10 | BL0E /mﬁm\,oEmm
N F
' /208 %
g [ mcm/
coc A AHOWIN
WYHOOHd
/  vivd
i Mo HOSSIDOH
INHA AVIdSIa  [TH7 7| ANOWAN 3N
- 7 vIva
605 NWNTIOD AJONIN
DNBIHOM
mnm\ [ V4
\ poa zos



Patent Application Publication Oct. 9,2008 Sheet 9 of 9 US 2008/0246703 A1

COLUMN
DRIVERS
/ 1002 lwozél 1002 { ;1002 {1002
Iref CONTROL > ; i
e —— \ § § "\
(PW)
1 2 3 4 m
' 1
510 / TO COLUMN ELECTRODES
REFERENCE
ROW SELECTOR
TO ROW
ELECTRODES
308
REF IN OUT OUT OUT OUT / 1012
PROGRAMMABLE CURRENT MIRROR
RATIO CONTROL
R(p) > e

e/
Figure 5b



US 2008/0246703 A1l

DISPLAY DRIVING METHODS AND
APPARATUS FOR DRIVING A PASSIVE
MATRIX MULTICOLOR
ELECTROLUMINESCENT DISPLAY

[0001] This invention is generally concerned with appara-
tus, methods and computer program code for driving elec-
troluminescent displays, in particular organic light emitting
diode (OLED) displays.

Organic Light Emitting Diode Displays

[0002] Organic light emitting diodes, which here include
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 organic LEDs 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 mol-
ecule based devices are described in U.S. Pat. No. 4,539,507.
A typical OLED device comprises two layers of organic
material, one of which is a layer of light emitting material
such as a light emitting polymer (LEP), oligomer or a light
emitting low molecular weight material, and the other of
which is a layer of a hole transporting material such as a
polythiophene derivative or a polyaniline derivative.

[0003] 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 sub-pixels. 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 to give the impression of
a steady image. Other passive displays include segmented
displays in which a plurality of segments share a common
electrode and a segment may be litup by applving a voltage to
its other electrode. A simple segmented display need not be
scanned but in a display comprising a plurality of segmented
regions the electrodes may be multiplexed (to reduce their
number) and then scanned.

[0004] FIG. 1a shows a vertical cross section through an
example of an OLED device 100. In an active matrix display
part of the area of a pixel is occupied by associated drive
circuitry (not shown in FIG. 1a). The structure of the device is
somewhat simplified for the purposes of illustration.

[0005] The OLED 100 comprises a substrate 102, typically
0.7 mm or 1.1 mm glass but optionally clear plastic or some
other substantially transparent material. Ananode layer 104 is
deposited on the substrate, typically comprising around 150
nm thickness of ITO (indium tin oxide), over part of which is
provided a metal contact layer. Typically the contact layer
comprises around 500 nm of aluminium, or a layer of alu-
minium sandwiched between layers of chrome, and this is
sometimes referred to as anode metal. Glass substrates coated
with ITO and contact metal are available from Corning, USA.
The contact metal over the ITO helps provide reduced resis-
tance pathways where the anode connections do not need to
be transparent, in particular for external contacts to the
device. The contact metal is removed from the ITO where it is
not wanted, in particular where it would otherwise obscure
the display, by a standard process of photolithography fol-
lowed by etching.
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[0006] A substantially transparent hole transport layer 106
is deposited over the anode layer, followed by an electrolu-
minescent layer 108, and a cathode 110. The electrolumines-
cent 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 a conductive
transparent polymer, for example PEDOT:PSS (polystyrene-
sulphonate-doped polyethylene-dioxythiophene) from Bayer
AG of Germany. In a typical polymer-based device the hole
transport layer 106 may comprise around 200 nm of PEDOT;
a light emitting polymer layer 108 is typically around 70 nm
in thickness. These organic layers may be deposited by spin
coating (afterwards removing material from unwanted areas
by plasma etching or laser ablation) or by inkjet printing. In
this latter case banks 112 may be formed on the substrate, for
example using photoresist, to define wells into which the
organic layers may be deposited. Such wells define light
emitting areas or pixels of the display.

[0007] Cathode layer 110 typically comprises a low work
function metal such as calcium or barium (for example depos-
ited by physical vapour deposition) covered with a thicker,
capping layer of aluminium. Optionally an additional layer
may be provided immediately adjacent the electrolumines-
cent layer, such as a layer of barium fluoride, for improved
electron energy level matching. Mutual electrical isolation of
cathode lines may be achieved or enhanced through the use of
cathode separators (not shown in FIG. 1a).

[0008] The same basic structure may also be employed for
small molecule and dendrimer devices. Typically anumber of
displays are fabricated on a single substrate and at the end of
the fabrication process the substrate is scribed, and the dis-
plays separated before an encapsulating can is attached to
each to inhibit oxidation and moisture ingress.

[0009] To illuminate the OLED power is applied between
the anode and cathode, represented in FIG. 1a by battery 118.
In the example shown in FIG. 1a light is emitted through
transparent anode 104 and substrate 102 and the cathode is
generally reflective; such devices are referred to as “bottom
emitters”. Devices which emit through the cathode (“top
emitters™) may also be constructed, for example by keeping
the thickness of cathode layer 110 less than around 50-100nm
so that the cathode is substantially transparent.

[0010] It will be appreciated that the foregoing description
is merely illustrative of one type of OLED display, to assist in
understanding some applications of embodiments of the
invention. There is a variety of other types of OLED, includ-
ing reverse devices where the cathode is on the bottom such as
those produced by Novaled GmbH. Moreover application of
embodiments of the invention are not limited to displays,
OLED or otherwise.

[0011] 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 dis-
plays the individual elements are generally addressed by acti-
vating row (or column) lines to select the pixels, and rows (or
columns) of pixels are written to, to create adisplay. 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.
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[0012] Referring now to FIG. 15, this shows a simplified
cross-section through a passive matrix OLED display device
150, in which like elements to those of FIG. 1a are indicated
by like reference numerals. As shown the hole transport 106
and electroluminescent 108 layers are subdivided into a plu-
rality of pixels 152 at the intersection of mutually perpendicu-
lar anode and cathode lines defined in the anode metal 104
and cathode layer 110 respectively. In the figure conductive
lines 154 defined in the cathode layer 110 run into the page
and a cross-section through one of a plurality of anode lines
158 running at right angles to the cathode lines is shown. An
electroluminescent pixel 152 at the intersection of a cathode
and anode line may be addressed by applying a voltage
between the relevant lines. The anode metal layer 104 pro-
vides external contacts to the display 150 and may be used for
both anode and cathode connections to the OLEDs (by run-
ning the cathode layer pattern over anode metal lead-outs).
The above mentioned OLED materials, in particular the light
emitting polymer and the cathode, are susceptible to oxida-
tion and to moisture and the device is therefore encapsulated
in a metal can 111, attached by UV-curable epoxy glue 113
onto anode metal layer 104, small glass beads within the glue
preventing the metal can touching and shorting out the con-
tacts.

[0013] Referring now to FIG. 2, this shows, conceptually, a
driving arrangement for a passive matrix OLED display 150
of the type shown in FIG. 1b. A plurality of constant current
generators 200 are provided, each connected to a supply line
202 and to one of a plurality of column lines 204, of which for
clarity 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 comprise anode con-
nections 158 and row lines 206 comprise cathode connections
154, although the connections would be reversed if the power
supply line 202 was negative and with respect to ground line
208.

[0014] 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. Preferably, however, to allow individual pixels to
remain on for longer and hence reduce overall drive level, a
row is selected and all the columns written in parallel, that is
acurrent driven onto each of the column lines simultaneously
to illuminate each pixel in a row at its desired brightness. Each
pixel in a column could be addressed in turn before the next
column is addressed but this is not preferred because, inter
alia, of the effect of column capacitance.

[0015] The skilled person will appreciate that in a passive
matrix OLED display it is arbitrary which electrodes are
labelled row electrodes and which column electrodes, and in
this specification “row” and “column are used interchange-
ably.

[0016] Itisusual to provide a current-controlled rather than
avoltage-controlled drive to an OLED because the brightness
of an OLED is determined by the current flowing through the
device, this determining the number of photons it generates.
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

Oct. 9, 2008

appear when driven by a given voltage. In a colour display the
accuracy of colour representations may also be affected.
[0017] The conventional method of varying pixel bright-
ness is to vary pixel on-time using Pulse Width Modulation
(PWM). In a conventional 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. An
alternative method is to vary the column drive current.
[0018] FIG. 3 shows a schematic diagram 300 of a generic
driver circuit for a passive matrix OLED display according to
the prior art. 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 a plurality m of
column lines 308 with a corresponding plurality of column
electrode contacts 310. An OLED is connected between each
pair of row and column lines with, in the illustrated arrange-
ment, 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.

[0019] Some examples of OLED display drivers are
describedin U.S. Pat. No. 6,014,119, U.S. Pat. No. 6,201,520,
U.S. Pat. No. 6,332,661, EP 1,079,361 A and EP 1,091,339A
and OLED display driver integrated circuits employing PWM
are sold by Clare Micronix of Clare, Inc., Beverly, Mass.,
USA. Some examples of improved OLED display drivers are
described in the Applicant’s co-pending applications WO
03/079322 and WO 03/091983. In particular WO 03/079322,
hereby incorporated by reference, describes a digitally con-
trollable programmable current generator with improved
compliance.

SUMMARY OF THE INVENTION

[0020] Thereis a general need to improve the lifetime and/
or power consumption of OLED displays. In particular, in
multicolour OLED displays the red, green and blue-emitting
materials used for the sub-pixels of the display in general have
different efficiencies and age at different rates, normally blue
sub-pixels ageing faster than red and green sub-pixels. There
is therefore a need for improved techniques for driving OLED
displays to mitigate these problems.

[0021] According to a first aspect of the present invention
there is therefore provided a method of driving a passive
matrix multicolour electroluminescent display, the display
comprising a plurality of pixels arranged in rows and col-
umns, each said pixel comprising at least first and second
sub-pixels having different respective first and second
colours, the method comprising: driving groups of said pixels
in turn to display a multicolour image frame, said driving ofa
group of pixels comprising driving first and second sub-
groups of sub-pixels of respective said first and second
colours; and wherein said driving further comprises driving a
said group of pixels for a duration dependent upon a maxi-
mum drive level of a sub-pixel of a said sub-group.

[0022] The groups of pixels may comprise lines of pixels
corresponding to rows or columns of the display in a conven-
tional line-scanned passive matrix OLED display, or the
groups of pixels may comprise temporal sub-frames with a
variable display duration in a display driven according to a
multi-line or “total matrix” addressing (MLA or TLA)
scheme such as has previously been described in the appli-
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cant’s UK Patent Applications, for example, No. 0501211.7
(priority date 30 Sep. 2004) and 0428191.1 (filing date 23
Dec. 2004) the contents of which are hereby incorporated in
their entirety by reference.

[0023] In some preferred embodiments the duration is
dependent upon a maximum drive level of a sub-pixel of a
single colour sub-group, for example the sub-group of blue
sub-pixels of each group of pixels. Thus the driving of groups
of pixels to display an image frame preferably comprises
driving over a frame period comprising, for example, a set of
line scan intervals or a set of sub-frame display intervals. The
frame period may then be divided into periods for driving
each group of pixels, such as each line or temporal sub-frame,
in proportion to the maximum drive level of the selected
sub-group (for example the blue-group) for each group of
pixels. The driving may then comprise driving the group of
pixels according to these frame period divisions.

[0024] Such embodiments help to reduce the ageing of the
most sensitive pixel elements, typically the blue sub-pixels,
thereby helping to extend the life of the whole display.
Broadly speaking, if a given group of pixels (line or sub-
frame) has a reduced peak luminence for a particular colour,
say blue, then this group of pixels may be driven for a rela-
tively shorter time whereas a group of pixels with a high peak
luminescence for, say, blue is driven for longer. In this way, to
the eye of ahuman observer the level of blue luminance is still
substantially that desired but this has been achieved by using
a lower peak luminance for a longer duration by, in effect,
adjusting or averaging the durations for which the groups of
pixels are driven, within a frame period.

[0025] The above techniques are particularly useful for
increasing the lifetime of blue sub-pixels. However embodi-
ments of the method may also be applied for other purposes—
for example red sub-pixels tend to have a reduced efficiency
at higher luminences and therefore by applying similar tech-
niques (scaling the on-time of a group of pixels according to
peak luminance) the overall power consumption of a display
can be reduced.

[0026] In other, related embodiments the duration for
which a group of pixels is driven is dependent upon a
weighted combination of the maximum drive level for a plu-
rality of sub-pixels—for example a weighted combination of
a maximum drive level of a sub-group of red sub-pixels
and/or a maximum drive level of a sub-group of green sub-
pixels and/or a maximum drive level of a sub-group of blue
sub-pixels. Thus, in a similar way to that described above, a
frame period may be divided in proportion to a weighted
combination and the groups of pixels driven accordingly.

[0027] In the above embodiments the drive to one or more
sub-groups of sub-pixels may be adjusted responsive to the
determined duration for driving the sub-group. This may
conveniently be achieved by adjusting a reference level, such
as a reference current source common to a set of sub-pixels
such as a red and/or green and/or blue current or voltage
reference. Thus, for example, the reference level for a sub-
group of sub-pixels can be reduced in proportion to an
increase in drive duration for the group of pixels comprising
the sub-group (reduced/increased as compared with, for
example, a norm defined by equal drive durations for each
group of pixels). Thus, preferably, the drive, or more particu-
larly reference level, for each of the three colours is adjusted
on a group-by-group (line or sub-frame) basis to compensate
for adjustments in the pixel group drive duration.
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[0028] In preferred embodiments of the above described
method the multicolour electroluminescent display com-
prises an OLED display.

[0029] The invention further provides a carrier medium
carrying processor control code to implement the above
described methods and display drivers. This code may com-
prise conventional program code, for example source, object
or executable code in a conventional programming language
(interpreted or compiled) such as C, or assembly code, code
for setting up or controlling an ASIC (Application Specific
Integrated Circuit) or FPGA (Field Programmable Gate
Array), or code for a hardware description language such as
Verilog (Trade Mark) or VHDL (Very high speed integrated
circuit Hardware Description Language). Such code may be
distributed between a plurality of coupled components. The
carrier medium may comprise any conventional storage
medium such as a disk or programmed memory (for example
firmware such as Flash RAM or ROM), or a data carrier such
as an optical or electrical signal carrier.

[0030] Theinvention further provides a display driver com-
prising means for implementing embodiments of display
driving methods as described above.

[0031] Thus in a related aspect the invention provides a
driver for a passive matrix multicolour electroluminescent
display, the display comprising a plurality of pixels arranged
in rows and columns, each said pixel comprising at least first
and second sub-pixels having different respective first and
second colours, the driver comprising: means for driving
groups of said pixels in turn to display a multicolour image
frame, said driving of a group of pixels comprising driving
first and second sub-groups of sub-pixels of respective said
firstand second colours; and means for driving asaid group of
pixels for a duration dependent upon a maximum drive level
of a sub-pixel of a said sub-group.

[0032] In a further related aspect the invention provides a
driver for passive matrix multicolour electroluminescent dis-
play, the display comprising a plurality of pixels arranged in
rows and columns, each said pixel comprising atleast first and
second sub-pixels having different respective first and second
colours, the driver comprising: a data input to receive image
data for display; a display drive system, coupled to said data
input and having a display drive output for driving said dis-
play, said display drive system being configured to output
display drive signals for driving groups of said pixels in turn
to display a multicolour image frame, said driving of a group
of pixels comprising driving first and second sub-groups of
sub-pixels of respective said first and second colours; and a
drive time computation system, coupled to said display drive
system, said drive time computation system being configured
to control said display drive system to drive a said group of
pixels for a duration dependent upon a maximum drive level
of a sub-pixel of a said sub-group.

[0033] Inanother aspect the invention provides a method of
driving an electroluminescent display having a plurality of
pixels arranged in rows and columns, the method comprising
driving the display with successive sets of row and column
signals to build up a displayed image, each set of signals
defining a sub-frame ofthe displayed image in which pixels in
a plurality of rows and columns of the display are driven
simultaneously, the sub-frames combining to create said dis-
played image, the method further comprising driving said
display with a said set of signals for a sub-frame for a duration
dependent upon a maximum drive level of a pixel of the
sub-frame.
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[0034] In embodiments one sub-frame is employed per
colour of a multicolour OLED display.

[0035] Inarelated aspect the invention provides a driver for
driving an electroluminescent display having a plurality of
pixels arranged in rows and columns, the driver comprising: a
data input to receive image data for display; a display drive
system, coupled to said data input and having a display drive
output for driving said display, said display drive system
being configured to output display drive signals for driving
the display with successive sets of row and column signals to
build up a displayed image, each set of signals defining a
sub-frame of the displayed image in which pixels in a plural-
ity of rows and columns of the display are driven simulta-
neously, the sub-frames combining to create said displayed
image; and a drive time computation system, coupled to said
display drive system, said drive time computation system
being configured to control said display drive system to drive
said display with a said set of signals for a sub-frame for a
duration dependent upon a maximum drive level of a pixel of
the sub-frame.

[0036] 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:

[0037] FIGS. 1a and 15 show, respectively, a vertical cross
section through an OLED device, and a simplified cross sec-
tion through a passive matrix OLED display;

[0038] FIG. 2 shows conceptually a driving arrangement
for a passive matrix OLED display;

[0039] FIG. 3 shows a block diagram of a known passive
matrix OLED display driver;

[0040] FIGS. 4a to 4k show, respectively, row, column and
image matrices and corresponding brightness curves for a
typical pixel over a frame period for a conventional drive
scheme; row, column and image matrices and corresponding
brightness curves for a typical pixel over a frame period for a
multiline addressing drive scheme; a diagrammatic represen-
tation of NMF factorisation of an image matrix; a flow dia-
gram of a method of driving a display using image matrix
factorisation; a flow diagram of an NMF procedure; and mul-
tiplication of a selected column and row of the G and F
matrices of FIG. 4e to determine a residual matrix; and
[0041] FIGS. 5a and 55 show, respectively, a display driver
embodying an aspect of the present invention, and example
column and row drive arrangements for driving a display
using the matrices of FIG. de.

Multi Line Addressing (MLA) Techniques

[0042] It is helpful, for understanding embodiments of the
invention, to outline Multi Line Addressing (MLA) tech-
niques.

[0043] Broadly speaking MLA techniques drive two or
more row electrodes at the same time as the column elec-
trodes are driven, or more generally drive groups of rows and
columns simultaneously, so that the required luminescence
profile of each row (line) is built up over a plurality of line
scan periods rather than as an impulse in a single line scan
period. Thus the pixel drive during each line scan period can
be reduced, hence extending the lifetime of the display and/or
reducing the power consumption due to a reduction of drive
voltage and reduced capacitive losses. This is because OLED
lifetime reduces with the pixel drive (luminance) to a power
typically between 1 and 2 but the length of time for which a
pixel must be driven to provide the same apparent brightness
to an observer increases only substantially linearly with
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decreasing pixel drive. The degree of benefit provided by
MLA depends in part upon the correlation between the
groups of lines driven together. The applicant refers to
arrangements where all the rows are driven together as total
matrix addressing techniques.

[0044] FIG. 4a shows row G, column F and image X matri-
ces for a conventional drive scheme in which one row is
driven at a time. FIG. 45 shows row, column and image
matrices for a multiline addressing scheme. FIGS. 4¢ and 44
illustrate, for a typical pixel of the displayed image, the
brightness of the pixel, or equivalently the drive to the pixel,
over a frame period, showing the reduction in peak pixel drive
which is achieved through multiline addressing.

[0045] Generally the row and column drive signals are
selected such that a desired luminescence of OLED pixels (or
sub-pixels) driven by the corresponding electrodes is
obtained by a substantially linear sum of luminescences
determined by the drive signals. We have previously
described (UK patent application no 0421711.3 filed 30 Sep.
2004) a controllable current divider to divide column current
drive signals between two or more rows in accordance with
the determined row drive signals.

[0046] To determine the required drive signals image data
for display may be considered as a matrix and factorised into
a product of two factor matrices, one defining row drive
signals, the other column drive signals. The display is driven
with successive sets of row and column signals, as defined by
these matrices, to build up a displayed image, each set of
signals defining a sub-frame of the displayed image the same
size as the originally factorised matrix. The total number of
line scan periods (sub-frames) may but need not necessarily
be reduced compared with a conventional line-by-line scan
(reduction implying image compression), since some benefit
is obtained merely by averaging out the brightness over a
number of sub-frames.

[0047] Preferably non-negative matrix factorisation
(NMF) is employed, in which the image matrix X (which is
non-negative) is factorised into a pair of matrices F and G
such that X is approximately equal to the product of F and G,
F and G being chosen subject to the constraint that their
elements are all equal to or greater than zero. A typical NMF
algorithm iteratively updates F and G to improve the approxi-
mation by aiming to minimise a cost function such as the
squared Euclidean distance between X and FG. Non-negative
matrix factorisation is useful for driving an electrolumines-
cent display as such a display cannot be driven to produce a
“negative” luminescence.

[0048] ANMF factorisation procedure is diagrammatically
illustrated in FIG. 4e. The matrices F and G can be regarded
as defining a basis for the linear approximation of the image
data and in many cases a good representation of can be
achieved with a relatively small number of basis vectors since
images generally contain some inherent, correlated structure
rather than purely random data. The colour sub-pixels of a
colour display may be treated as three separate image planes
or together as a single plane. Sorting the data in the factor
matrices so that bright areas of a displayed image are gener-
ally illuminated in a single direction, from top to bottom of
the display, can reduce flicker.

[0049] FIG. 4f shows a flow diagram of an example proce-
dure for displaying an image using NMF. The procedure first
reads the frame image matrix X (step S400), and then fac-
torises this image matrix into factor matrices F and G using
NMF (step S402). This factorisation may be computed during
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display of an earlier frame. The procedure then drives the
display with A sub-frames at step 404. Step 406 shows the
sub-frame drive procedure.

[0050] The sub-frame procedure sets G-column a—R to
form arow vector R. This is automatically normalised to unity
by the row driver arrangement of FIG. 56 and a scale factor x,
R<xR is therefore derived by normalising R such that the
sum of elements is unity. Similarly with F, row a—C to form
a column vector C. This is scaled such that the maximum
element value is 1, giving a scale factor y, C<—yC. The a frame
scale factor

is determined and the reference current set by

h-f
Lgg = ——
xy

where I, corresponds to the current required for full bright-
ness in a conventionally scanned line-at-a-time system, the x
and y factors compensating for scaling effects introduced by
the driving arrangement (with other driving arrangements one
or both of these may be omitted).

[0051] Following this, at step S408, the display drivers
shown in FIG. 55 drive the columns of the display with C and
rows of the display with R for 1/A of the total frame period.
This is repeated for each sub-frame and the sub-frame data for
the next frame is then output.

[0052] Referring to FIG. 4g, an example NMF procedure
begins by initialising F and G (step S410) so that the product
of G and F is equal to the average value of X, X, . a8
follows:

G=1 1AF:(Xavemga/A)'1AU m

[0053] For a sequence of related images previously found
values of F and G may be used. The subscripts indicate
number of rows and columns respectively; lower case sub-
scripts indicate a single selected row or column (eg a for one
of A rows); 1 is the unity matrix.

[0054] Preferably, as a pre-processing step (not shown)
prior to step S410, blank rows and columns are filtered out.
[0055] The overall aim of the procedure is to determine
values for F and G such that:

GraFa~ X (3]

[0056] The procedure we describe operates with a single
column (a) of G and a single row (a) of F at a time, stepping
through all the column-row pairs, from a=1 to a=A (step
S412). Thus the procedure, for each column of G and row of
F, first calculates a residual R, for the selected column-row
pair, this residual comprising a difference between the target
X;r-and a sum of the combined contributions of all the other
columns and rows of G and F except for the selected column/
row (step S414):

Anta 3

Riy = X - Z GpFay

n=1

[0057] For each selected column-row pair a of G and F the
aim is for the contribution of the selected column-row pair to
equal the residual R,,”, as illustrated diagrammatically in
FIG. 4h. In mathematical terms the aim is:

Grf s Ret” (©)
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where R,,* defines an IxU image sub-frame with mux rate A
(A sub-frames contributing to a complete IxU displayed
image).

[0058] Equation (4) can be solved for each of the I elements
G,, of the selected column a of G and for each of the U
elements F_, of the selected row a of F (step S416). The
solution depends upon the cost function. For example, per-
forming a least squares fit (a Euclidean cost function) on (4)
multiplies the left hand side by F_,.F”_,, (which is a scalar
value, so that no matrix inversion is required to divide both
sides by this) and multiplies the right hand side by F%_,,
allowing G,, to be calculated directly.

[0059] Anexample solution for a Fuclidean cost function is
as follows:

Z RiyFoy GigRiy

=1 i=1

Gig = £ m Ny : i R
;1 Gia

z F(%M

U i (%)
u=1 i

[0060] To provide a non-negativity constraint, values ofG,,
and F_,, which are less than zero are set to zero (or a small
value), at step S418 (elements of R, are permitted to be
negative).

[0061] Preferably (but not essentially), to prevent division
by zero (or infinite) values of G, and F_, may be limited by
upper and/or lower bounds of, for example, 0.01 or 0.001 and
10 or 100, these may be varied according to the application
(step S420).

[0062] Optionally but preferably the procedure then iter-
ates (step S422), for example for a predetermined number of
iterations.

[0063] For further details reference may be made to UK
patent application no. 0428191.1 filed on 23 Dec. 2004.

Colour Lifetime Balanced Variable Scan Time Driving

[0064] Inone variable scan time drive technique the line or
sub-frame scan time is proportional to the peak luminence of
a sub-pixel irrespective of colour. This reduces the worst case
peak drive level and thus extends the life of the display.
However in a development of this technique the line or sub-
frame scan time is determined by or proportional to the lumi-
nance of the most (ageing) sensitive colour pixel element, the
aim being to minimise the ageing of the worst case sub-pixel.
In embodiments different colour weighting factors may be
employed for each sub-pixel so that the line or sub-frame scan
time is determined by

x.max{R}+y.max{G}+z.max{B}

where the weighting factors x, y, z of the respective sub-pixel
drive levels R, G, B may be determined by the ageing expe-
rienced by a sub-pixel colour and/or efficiency of a sub-pixel
colour (where a reduction in power consumption is para-
mount).
[0065]

such as

Alternatively some other weighted combination

max{xR+yG+zB}

may be employed.

[0066] In embodiments, if all colours are equally sensitive
the colour weighting factors are the same and effectively
cancel each other out. However for very sensitive blues, for
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example, the weighting factor for the blue sub-pixel will
dominate and the line or sub-frame times will be largely
influenced by the blue sub-pixel luminence. For a particular
combination of blue, red and green materials the optimum
multiplication factors (which may be determined, for
example, by routine experimentation) may be pre-pro-
grammed into the drive controller with the aim of minimising
ageing. The reference current for each colour may be changed
on a line-by-line or sub-frame-by-sub-frame basis, for
example to scale the drive so that the peak drive current for a
line or sub-frame is substantially the same for all lines or
sub-frames (for a given colour). Thus preferred embodiments
of the techniques operate in the context of a system in which
separate current drive references are provided for red, green
and blue sub-pixels.

[0067] Inanembodiment the line or sub-frame time may be
scaled proportional to the peak blue luminence present during
a line or sub-frame as follows:

Zummax,blue

Tine or.subframe = 5 (totaltime. for.lines.or.subframes)

l”mmax,bme
tines.or.subframes

alternatively this equation may be modified to scale line or
sub-frame times to be proportional to peak luminence multi-
plied by a weighting factor dependent upon pixel colour.
[0068] Table 1 below shows an example in which the num-
bers represent peak luminences for each colour (red, green,
blue) for a series of hypothetical frames.

TABLE 1
R G B
0.2 05 10
04 1.0 0.5
1.0 0.9 0.9

[0069] Forequal time scanning each sub-frame is allocated
one-third of the total (frame) time and blue ageing is propor-
tional to:

0.0"2*1/3+0.572%1/3+0.9"2#1/3=0.686

[0070] However for colour weighted scanning if, say, the
blue luminences dominate due to a high weighting then the
sub-frame times for the three sub-frames are as shown in table
2 below:

TABLE 2
R G B t
02 0.3 1.0 1.0/2.4
04 1.0 0.5 0.5/24
10 09 09 0924

[0071]

((1.0+0.5+0.9)/3.0°2=0.64

[0072] Thus it can be seen that, in this example, the ageing
of the blue sub-pixels is reduced by approximately seven
percent.

[0073] FIG. 5a shows a schematic diagram of an embodi-
ment of a passive matrix OLED driver 500 suitable for imple-
menting embodiments of the invention.

In this case the blue ageing is proportional to:
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[0074] InFIG. 5a apassive matrix OLED display similar to
that described with reference to FIG. 3 has row electrodes 306
driven by row driver circuits 512 and column electrodes 310
driven by column drives 510. Details of these row and column
drivers are shown in FIG. 55. Column drivers 510 have a
column data input 509 for setting the current drive to one or
more of the column electrodes and for controlling the red/
green/blue reference currents; similarly row drivers 512 have
arow data input 511 for setting the current drive to a row and,
in an MLA embodiment, for setting the current drive ratio to
two or more of the rows. Preferably inputs 509 and 511 are
digital inputs for ease of interfacing; preferably column data
input 509 sets the current drives for all the U columns of
display 302.

[0075] Data for display is provided on a data and control
bus 502, which may be either serial or parallel. Bus 502
provides an input to a frame store memory 503 which stores
luminance data for each pixel of the display or, in a colour
display, luminance information for each sub-pixel (which
may be encoded as separate RGB colour signals or as lumi-
nance and chrominance signals or in some other way). The
data stored in frame memory 503 determines a desired appar-
ent brightness for each pixel (or sub-pixel) for the display, and
this information may be read out by means of a second, read
bus 505 by a display drive processor 506 (in embodiments bus
505 may be omitted and bus 502 used instead).

[0076] Display drive processor 506 may be implemented
entirely in hardware, or in software using, say, a digital signal
processing core, or in a combination of the two, for example,
employing dedicated hardware to accelerate matrix opera-
tions. Generally, however, display drive processor 506 will be
at least partially implemented by means of stored program
code or micro code stored in a program memory 507, opet-
ating under control of a clock 508 and in conjunction with
working memory 504. For example the display drive proces-
sor may be implemented using a standard digital signal pro-
cessor and code written in a conventional programming lan-
guage. The code in program memory 507 is configured to
implement either line-by-line raster scanning of the display or
amulti-line addressing method, in either case with adjustable
line or sub-frame duration as described above, and may be
provided on a data carrier or removable storage 507a.
[0077] FIG. 54 illustrates row and column drivers suitable
for driving display 302 with a variable reference current so
that, for example, the red/green/blue reference current may be
varied in proportion to a variation in line or sub-frame “scan”
time. The illustrated drivers are also suitable for driving dis-
play 302 with factorised image matrix data in an MLA
scheme.

[0078] Thecolumn drivers 510 comprise a set of adjustable
substantially constant current sources 1002 which are ganged
together and provided with a variable reference current I, for
setting the current into each of the column electrodes. This
reference current is pulse width modulated by a different
value for each column derived from a row of a factor matrix
such as row a of matrix F of FIG. 4e.

[0079] The row drivers 512 comprise a programmable cur-
rent mirror 1012, preferably with one output for each row of
the display or for each row of a block of simultaneously
driven rows. The row drive signals are derived from a column
of a factor matrix such as column a of matrix G of FIG. 4e.
Further details of suitable drivers can be found in the Appli-
cant’s co-pending UK patent application no. 0421711.3 filed
on 30 Sep. 2004, hereby incorporated by reference. In other
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arrangements other means of varying the drive to an OLED
pixel, in particular PWM, may additionally or alternatively
employed.

[0080] No doubt many effective alternatives will occur to
the skilled person. For example display drive logic 506 may
be implemented using a microprocessor under software con-
trol rather than in dedicated logic, or a combination of a
microprocessor and dedicated logic may be emploved. Where
a microprocessor is employed buses 502 and 505 may be
combined in a shared address/data/control bus, although
again frame memory 504 is preferably dual-ported to sim-
plify interfacing the display to other devices.

[0081] It should be understood that the invention is not
limited to the described embodiments but encompasses modi-
fications apparent to those skilled in the art lying within the
spirit and scope of the claims appended hereto.

1. A method of driving a passive matrix multicolor elec-
troluminescent display, the display comprising a plurality of
pixels arranged in rows and columns, each said pixel com-
prising at least first and second sub-pixels having different
respective first and second colors, the method comprising:

driving groups of said pixels in turn to display a multicolor

image frame, said driving of a group of pixels compris-
ing driving first and second sub-groups of sub-pixels of
respective said first and second colors; and

wherein said driving further comprises driving a said group

of pixels for a duration dependent upon a maximum
drive level of a sub-pixel of a said sub-group.

2. A method as claimed in claim 1 wherein said driving of
groups of pixels to display an image frame comprises driving
over a frame period, wherein said frame period is divided into
periods for driving each said group of pixels in proportion to
said maximum drive level of said sub-group for each said
group of pixels, and wherein said driving comprises driving
said groups of pixels according to said frame period divisions.

3. A method as claimed in claim 1 wherein said colors
include blue, and wherein said duration is dependent upon a
maximum drive level of a sub-group of blue sub-pixels of a
group of pixels.

4. A method as claimed in claim 1 wherein said colors
include red, and wherein said duration is dependent upon a
maximum drive level of a sub-group of red sub-pixels of a
group of pixels.

5. A method as claimed in claim 1 wherein said duration is
dependent upon a weighted combination of a maximum drive
level of a first sub-pixel of said first sub-group and of a
maximum drive level of a second sub-pixel of said second
sub-group.

6. A method as claimed in claim 5 wherein said driving of
groups of pixels to display an image frame comprises driving
over a frame period, wherein said frame period is divided into
periods for driving each said group of pixels in proportion to
said weighted combination for each said group of pixels, and
wherein said driving comprises driving said groups of pixels
according to said frame period divisions.

7. A method as claimed in claim 1 further comprising
adjusting a drive to a said sub-group of sub-pixels responsive
to said duration of driving for the said sub-group.

8. A method as claimed in claim 1 wherein a said group of
pixels comprises a said row or column of said display; and
wherein said driving comprises row-by-row or column-by-
column driving of said display.

9. A method as claimed in claim 1 wherein a said group of
pixels comprises a temporal sub-frame of said display includ-
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ing pixels in a plurality of rows and a plurality of columns of
the display; and wherein said driving comprises driving said
display with a plurality of said temporal sub-frames in suc-
cession.

10. A method as claimed in claim 1 wherein said display
comprises an organic light emitting diode display.

11. A carrier carrying processor control code to implement
the method of claim 1.

12. A driver for a passive matrix multicolor electrolumi-
nescent display, the display comprising a plurality of pixels
arranged in rows and columns, each said pixel comprising at
least first and second sub-pixels having different respective
first and second colors, the driver comprising:

means for driving groups of said pixels in turn to display a
multicolor image frame, said driving ofa group ofpixels
comprising driving first and second sub-groups of sub-
pixels of respective said first and second colors; and

means for driving a said group of pixels for a duration
dependent upon a maximum drive level of a sub-pixel of
a said sub-group.

13. A driver for passive matrix multicolor electrolumines-
cent display, the display comprising a plurality of pixels
arranged in rows and columns, each said pixel comprising at
least first and second sub-pixels having different respective
first and second colors, the driver comprising:

a data input to receive image data for display;

a display drive system, coupled to said data input and
having a display drive output for driving said display,
said display drive system being configured to output
display drive signals for driving groups of said pixels in
turn to display a multicolor image frame, said driving of
a group of pixels comprising driving first and second
sub-groups of sub-pixels of respective said first and sec-
ond colors; and

a drive time computation system, coupled to said display
drive system, said drive time computation system being
configured to control said display drive system to drive a
said group of pixels for a duration dependent upon a
maximum drive level of a sub-pixel of a said sub-group.

14. A method of driving an electroluminescent display
having a plurality of pixels arranged in rows and columns, the
method comprising driving the display with successive sets of
row and column signals to build up a displayed image, each
set of signals defining a sub-frame of the displayed image in
which pixels in a plurality of rows and columns of the display
are driven simultaneously, the sub-frames combining to cre-
ate said displayed image, the method further comprising driv-
ing said display with a said set of signals for a sub-frame for
a duration dependent upon a maximum drive level of a pixel
of the sub-frame.

15. A carrier carrying processor control code to implement
the method of claim 14.

16. A driver for driving an electroluminescent display hav-
ing a plurality of pixels arranged in rows and columns, the
driver comprising;

a data input to receive image data for display;

a display drive system, coupled to said data input and
having a display drive output for driving said display,
said display drive system being configured to output
display drive signals for driving the display with succes-
sive sets of row and column signals to build up a dis-
played image, each set of signals defining a sub-frame of
thedisplayed image in which pixelsina plurality of rows
and columns of the display are driven simultaneously,
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the sub-frames combining to create said displayed
image; and

a drive time computation system, coupled to said display
drive system, said drive time computation system being
configured to control said display drive system to drive
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said display with a said set of signals for a sub-frame for
a duration dependent upon a maximum drive level of a
pixel of the sub-frame.
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