US008040299B2

a2 United States Patent (o) Patent No.:  US 8,040,299 B2
Kretz et al. 45) Date of Patent: Oct. 18, 2011
(54) ACTIVE MATRIX OF AN ORGANIC 6,972,747 B2  12/2005 Bayot et al.
LIGHT-EMITTING DIODE DISPLAY SCREEN 6,977,638 Bl 122005 Bayot et al.
7,189,496 B2 3/2007 Saluel et al.
. . . 7,199,396 B2 4/2007 Lebrun
(75) Inventors: Thierry Kretz, Saint Jean de Mglrans é’ 425937 B2*  0/2008 INUKAL oo 345/76
(FR); Hugues Lebrun, Coublevie (FR); 2004/0066146 A1*  4/2004 Parketal. ................ 315/169.3
Elisabeth Chuiton, Revel (FR) 2004/0164303 Al 82004 Anzai
2006/0082716 Al 4/2006 Lebrun et al.
(73) Assignee: Thales, Neuilly sur Seine (FR) 2006/0146209 AL 772006 Kretz et al.
2007/0252780 Al  11/2007 Lebrun
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 OTHER PUBLICATIONS
US.C. 154(b) by 793 days. U.S. Appl. No. 11/997,679, filed Feb. 1, 2008, Hugues Lebrun, ct al.
(21)  Appl. No.: 12/049,747 U.S. Appl. No. 12/063,359, filed Feb. 8, 2008, Hughes Lebrun, et al.
T ’ U.S. Appl. No. 12/066,327, filed Mar. 10, 2008, Thierry Kretz.
(22) Filed: Mar. 17, 2008 * oited by examiner
(65) Prior Publication Data
US 2008/0231556 A1 Sep. 25, 2008 Primary Examiner — Lun-Yi Lao
20 . Aool p D Assistant Examiner — Sosina Abebe
. icati ioritv Dat
(30) oreign Application triority Data (74) Attorney, Agent, or  Firm —Oblon, Spivak,
Mar. 16,2007 (FR) woovoooceeeeccooeeeseeree e 0701929  McClelland, Maier & Neustadt, L.L.P.
(51) Int.Cl
G09G 3/30 (2006.01) G7) ABSTRACT
G09G 3/10 (2006.01) . . - e .
An active matrix for an organic light-emitting diode display
. / . . .
(2) US.ClL 345/76; 345/82; 345/204’3%/3'1/‘6‘833’ screen, including: pixels arranged in rows and in columns,
. . . ) each pixel including, a pixel electrode capable of accommo-
(38)  Field of (;Lass/szl(l)i:at;;lsl/?zgrlc 111 69 4169 g 453/@/;8663’ dating an organic light-emitting diode on the surface, and first
See anplication ﬁie for com. lete séa;ch his‘zo and second current drivers connected to said pixel electrode,
bp P Y wherein the first and second current drivers each include a
; current control transistor connected between a supply voltage
(56) References Cited rottr volta
Vdd and said pixel electrode and at least a first switching
U.S. PATENT DOCUMENTS transistor that controls a gate of said current control transistor.
6,359,608 Bl 3/2002 Lebrun et al.
6,611,311 Bl 8/2003 Kretz et al.
6,924,785 Bl 8/2005 Kretz et al. 10 Claims, 10 Drawing Sheets

DATA . DATA j+1
. P
Sean'i ‘
R Voo
" T L
. o) T -
T ct
P o
b “TE T2
7
2..........’........4
OLED ¥
PO
T .
Scan i’ . e, -




US 8,040,299 B2

U.S. Patent Oct. 18, 2011 Sheet 1 of 10
Data i Dara} Dara i+t DATA N
Scan 1 RIS SRR TOCION
Scan i S -
pix;;
Sean i+1 e
Scanm RSN TSI, SRR
Vdd e Tepixgy
COM | §}Q§v§‘ |
L T1,01, TrC
....................................... * . T : T 3
OLED
2
¥
Vi



U.S. Patent Oct. 18, 2011 Sheet 2 of 10 US 8,040,299 B2

DATA | pixi DATA |
Scan i . s i
Voo L
Gy Cy'
T2 T2
LEL
OLED %y
uZe’f%
Scan i +1
FIG.3
DaTa | ‘, DAaTA j+1
Pz
Scani >
c1l
T2']
OLED %7
RRARS
1.
Scan il

FIG.6



US 8,040,299 B2

Sheet 3 of 10

Oct. 18, 2011

U.S. Patent

P Old

7+ UBag

2000 poom

Qﬁc)

) iﬁms?

L+ UBDS

QQ.?

b4f Lebad JEP Fi+had
: 7 ¥ M.
u” i S AR
4 i il L {3 Li
g e -y Lo
o] o]
. W«.x - ey
..... dpenaw  Faw WMQ e 0 Qnem. <gs
1o 13 i e X
. T HzL
/ 1 =
gen, L .W IS 5 O I S
ficiiedd H,Nm.w LR i /Nﬁ
% ; i
U R ¢ ~ b3 T
i 5 LL S Lu Iw W Li
aup ZL um i Zd m M__
. Mkv - bwé
B S e 0 O U SO s TN
mt.‘.,.m 13 Pl i FETT
- MWN‘_‘ — ,ﬁm‘w
GOx Y .W”, _____________ b bl wm%im_
....... NQ .W«. NC




U.S. Patent Oct. 18, 2011 Sheet 4 of 10 US 8,040,299 B2

«

Datai Vdd Dara i
DATARY' Vdd DaTa | < SR

o e ;
g g AT €299 ENMsd) - Oig
Vdd
’"a‘.
Sean i . ~ets(TH)
e Mad
N e 2
W BT ,
».‘M:”"w.,,,.,ejsd(‘rq }
"'"’M.,Ct4\e1 Sd(T? )
"‘m,}__sz
Msd ~
$ oo Mg
Mg ;,;’:M
E1 {Msd)~
Op »
T2 o T2
nf
ol3 . iss 71
T4 o a5
Scan i+t -
11
e §




U.S. Patent Oct. 18, 2011 Sheet 5 of 10 US 8,040,299 B2

o
ok
<
[y
<
o
- X
5 Elo3
& , Q.
sy
U et
a8 } 2
O
3 - P
< a
: Y
e ™
w -
- R =
St i Y
ﬂg'“v 3 2 ¥ >§§
e 2N 3 £ oo W
'MQ : MQ 'm;,‘ug‘
a =1
- | o
k a3 )
f:; , :
<
< _ .
£ o gy ] £ e
= a & =+ 2 o *
§ 2 > 8- 2 > =
e ]
< 4]
0 3



U.S. Patent Oct. 18, 2011 Sheet 6 of 10 US 8,040,299 B2

L I e ., i e G gt
Scan 1 B0 ) e cin ' e e 15(T1)
Sean § ~igafh ks e S e e e gg(T1)
e - T 3 etyy(T)

52

i
o

E1 (Msd).

-j/fzsd
L

% Fvdd (Msd)

2 " E1(Msd)

FIG. 8



U.S. Patent Oct. 18, 2011 Sheet 7 of 10 US 8,040,299 B2

Scan i1

- '%XC?‘

? wo Py

z bgn g
Begenad LR

3 % f‘

3 L3

b Voo

e & Scani

S‘tasﬁg A

: . piX;

; Data LS Voo

Scany i-1 ‘

Scan, | ee————
| e T T3l
! ke i
i E ;ﬂz
; cr =]
i i L2
P .
i s m
! REE g T
i "o" H %';
; ' »

i
; ¢ (T2
; .
] _ c ml FIG10
: N T
QS_??QQ_.?: Seang | T N

o 18

Seang i+1 g

; ? e




US 8,040,299 B2

Sheet § of 10

Oct. 18, 2011

U.S. Patent

R vﬁﬁm .

www.m ete:

I , e
:»z _____________________ H o - ; SIS M L+ Jueog
i ot L by ! Soed PR
% E - L i 3
g / N |
281 £io N.LM
z E uufu wﬂm 3
ot L1l
3 _
........ Illllll*mru
1 T
e ey EL S L
e rm—— L+ BUBOG
: P R
i E e S o i Queng
" L 5 e i3 R VP o T g
— el
m B0 i.. M ¥ =t
2l - .M.w..mm T
: MJ.E; SN i B ot g
— - g | Pueog
: ; % { Gueon
¥ ! o
aap, bk vivg  agp et {vivg



U.S. Patent Oct. 18, 2011 Sheet 9 of 10 US 8,040,299 B2




U.S. Patent Oct. 18, 2011 Sheet 10 of 10 US 8,040,299 B2

VDD
¥ Data 2 Data k-2 Data K
L Datat Dataj DATA K-

Scand

Scan 2

Sean 3 e h e

Scan 4 ,,,,,,,, e PR :

Sean z-1 L
Scanz Lo ‘ s ‘ , ‘*MM e
VDD»
cC
VDD
¥ DATA 2 DATAKZ  pyarak

Bl Datait DaTa k»?‘
Scan 4
Scan @ ‘ R 0 00 0
Sean 3
Scan 4

Scan z-1
Sean 2
VDD » g : f 7
Bh* P



US 8,040,299 B2

1
ACTIVE MATRIX OF AN ORGANIC
LIGHT-EMITTING DIODE DISPLAY SCREEN

The present invention relates to an active matrix for an
organic light-emitting diode display screen, or AMOLED
(Active Matrix Organic Light-Emitting Diode) matrix and
more particularly to an arrangement of the pixels in such a
matrix.

In an organic light-emitting diode display screen, the pixel
is a structure based on an organic light-emitting diode. Such
a display screen does not require an additional light source,
unlike other display devices such as LCD (Liquid Crystal
Display) devices. It has, as other advantages, a low power
consumption, a high brightness and low manufacturing cost.
The principle at the basis of the display of video data by
OLED diodes is the modulation of the diode current. This is
obtained by a current control transistor that receives, on its
gate, a voltage corresponding to the video data to be displayed
and delivers a corresponding current to the diode. In practice,
the display screen thus consists of two substrates, typically
one made of glass that supports an active matrix with the
current drivers and pixel electrodes, an organic light-emitting
diode being formed on each pixel electrode, between each
pixel electrode and a reference voltage plane, and the other
substrate, also made of glass, sealing the zone containing the
light-emitting diodes and their electrodes by isolating them
from water and air.

BACKGROUND OF THE INVENTION

As illustrated schematically in FIG. 1, an active matrix of
an AMOLED display screen usually comprises nxm pixels
pix, , where i=1 to m and j=1 to n, m row select lines Scan i
and n columns DATA j allowing n pixels of the display screen
to be addressed. For example, the pixel pix,; may be con-
trolled so as to display video information by means of the
column DATA j, via which a voltage corresponding to the
video information to be displayed is applied, and a row select
line Scan i.

The invention concerns particular current control struc-
tures for a pixel which make it possible to solve the known
problem of display degradation in AMOLED display screens
due to the drift in threshold voltage of the current control
transistors that drive the organic light-emitting diodes.

These structures make it possible to provide a phase for
recovering the drift in threshold voltage of the current control
transistors for each pixel by means of a structure having two
current drivers. More precisely, as shown in FIG. 2, each pixel
pix,; comprises a structure having two drivers COM and
COM' for driving the organic diode OLED of the pixel. These
two drivers COM and COM' each have an output that controls
an electrode E1 ofthe OLED diode, which corresponds to the
pixel electrode produced on the active matrix, whereas the
other electrode E2 (cathode) of the diode, which corresponds
to the counter-electrode, is connected to a potential Vk com-
mon to all the pixels.

The drivers COM and COM' have an identical structure,
comprising at least: a switching transistor, a current control
transistor and a sustain capacitor. By convention, T1, C1 and
T2 denote these elements of the first referenced driver COM,
and T1', C1' and T2' these elements of the second referenced
driver COM".

These drivers COM and COM' are controlled by row select
lines and/or column data lines of the matrix in such a way that
they have a different function at each video frame, these
functions being periodically reversed. These functions are: 1)
to display video information, by application of a video volt-
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age to the gate of the current control transistor, so as to deliver
a corresponding current to the OLED diode; and 2) to com-
pensate for the stress occasioned by the first function, by
application of a blocking voltage to the gate of the current
control transistor.

Thus, during a given video frame, one of the two drivers,
for example the driver COM, has the function of displaying
the video information via the OLED diode, by application of
a corresponding video voltage on the gate of its current con-
trol transistor T2, while the other driver, in the example
COM, has the function of applying a blocking voltage to the
gate of its current control transistor T2', thereby placing this
transistor in threshold voltage drift recovery phase.

The functions of the two drivers are periodically reversed,
so that one frame in two on average is used, for each driver, in
order to destress its current control transistor. The average
threshold voltage drift of each current control transistor of the
active matrix is zero or approximately zero. This may be
obtained without affecting the duty cycle for applying the
video voltage to the OLED diode, so that the diode remains
continually controlled (100% duty cycle).

To control the two drivers COM and COM' appropriately,
as indicated above, rows and/or columns of the matrix are
used, with, where appropriate, additional rows or columns
especially provided, depending on the structure of the drivers.
More precisely, a first embodiment has a control structure
based on four transistors, two per driver COM, COM'
(namely a switching transistor T1, T1' and a current control
transistor T2, 72" and additional rows or columus are inserted
into the matrix in order to drive them appropriately. Another
embodiment has a control structure based on six transistors,
three per driver COM, COM' (namely two switching transis-
tors and one current control transistor) and row select lines for
the preceding and following pixels of the matrix are used in
addition to the usual row select line and column line for
driving the transistors of the drivers COM and COM' appro-
priately.

One technical problem that arises in the invention is how to
increase the number of transistors per pixel and/or the number
of rows or columns needed to control each pixel, while still
obtaining an open aperture ratio for a given pixel size (and
therefore active matrix size) and an optimum manufacturing
yield.

SUMMARY OF THE INVENTION

One solution provided by the invention to this technical
problem is a particular arrangement of the elements for con-
trolling the pixel and an optimized topology of the active
matrix corresponding to these structures for controlling the
OLED pixels with the desired functionalities, and in particu-
lar a topology of an active matrix for an AMOLED display
screen based on 4 or 6 TFT transistors per pixel electrode.

The invention therefore relates to an active matrix for an
organic light-emitting diode display screen, comprising pix-
els arranged in rows and in columns, each comprising a pixel
electrode capable of accommodating an organic light-emit-
ting diode on the surface and first and second current drivers
connected to said pixel electrode, each first driver and each
second driver comprising a current control transistor con-
nected between a supply voltage Vdd and said pixel electrode
and at least a first switching transistor for controlling the gate
of said current control transistor, said first switching transis-
tor being connected between a column data line of the matrix
and the gate of said current control transistor, and having its
gate connected to a row select line of the matrix, the source or
drain electrodes of the switching and control transistors and
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the pixel electrodes being produced on a source-drain metal
level, and the gate electrodes of these transistors each being
produced by a row select line of the matrix, on a gate metal
level, characterized in that:
each pixel is placed between two row select lines of the
matrix, with a driver placed between a first of these two
row select lines and its pixel electrode, said first row
select line forming the gate of the first switching tran-
sistor of this driver and the other driver placed between
a second of these two row select lines and the pixel
electrode, said second row select line forming the gate of
the first switching transistor of this driver;

asource-drain electrode of the control transistors is formed
by a supply bus Vdd produced on the source-drain metal
level, and the other source-drain electrode of the control
transistors is formed by at least one finger, which is an
excrescence of the pixel electrode on the same source-
drain metal level; and

each column data line is placed between two columns of

pixels of the matrix and formed by using said source-
drain metal level and said gate metal level, said gate
metal level being used along the pixel electrodes and
said source-drain metal level being used in the zones
between said pixel electrodes where the switching tran-
sistors of said drivers are produced.

In one embodiment, for a matrix in which the drivers com-
prise a second switching transistor connected between the
row select line, to which the gate of the first switching tran-
sistor of the relevant driver is connected, and the gate of said
control transistor, and the gate of which is connected to
another row select line, each row select line is divided in the
active zone into a first branch and a second branch placed on
either side of a corresponding row of pixels.

The invention applies to organic light-emitting diode dis-
play screens comprising an active matrix according to the
invention.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein the preferred
embodiments of the invention are shown and described, sim-
ply by way of illustration of the best mode contemplated of
carrying out the invention. As will be realized, the invention is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
aspects, all without departing from the invention.

Accordingly, the drawings and description thereofare to be
regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically an OLED active matrix
structure according to the prior art;

FIG. 2 is a diagram showing the principle of an OLED pixel
of a matrix to which the invention applies;

FIG. 3 illustrates an equivalent circuit diagram of a first
OLED diode pixel structure;

FIGS. 4 and 5 illustrate a corresponding implementation
according to the invention;

FIG. 6 illustrates an equivalent circuit diagram of a second
OLED diode pixel structure; and

FIGS. 7 and 8 illustrate a corresponding implementation
according to the invention;

FIG. 9 illustrates a third OLED diode pixel structure
according to another embodiment of the invention;

FIGS. 10 to 12 illustrate a corresponding implementation
according to the invention; and
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FIG. 13 illustrates the matrixed distribution of the voltage
Vdd applicable in particular to FIGS. 3 to 8 and FIG. 14
illustrates the distribution of the voltage Vdd that applies
more particularly to FIGS. 9 to 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following description, three current control struc-
tures having two drivers COM and COM' are presented and,
for each structure, an arrangement of the pixel and a corre-
sponding implementation of the active maxtrix, according to
the invention, will be explained.

For the sake of clarity and simplification of the presenta-
tion, the elements common to the various figures bear the
same references.

The row select lines that control the gates of the switching
transistors are called Scan i or Scan 1'. The prime symbol
means that the line is provided in the matrix in addition to the
usual row select line.

The column data lines via which the video or blocking
voltages are transmitted to the switching transistors are called
DATA j or DATA j'. The prime symbol indicates that the line
is provided in the matrix in addition to the usual column data
line.

The two electrodes on either side of the channel of a tran-
sistor Tk are both called source-drain electrodes, their func-
tions not being different. These two electrodes are denoted as
ek, and ek’ ;.

FIGS. 3 and 6 are two examples of a circuit diagram for a
control structure based on four transistors, namely two per
driver COM, COM'. In this case, each driver comprises two
transistors, namely a switching transistor T1, T1' and a cur-
rent control transistor T2, T2'. The switching transistor (T1,
T1") is connected between a column data line and the gate of
the control transistor (T2, T2") and its gate is connected to a
row select line, making it possible to apply a control (video or
blocking) voltage to the gate of the control transistor (12, T2')
when the pixel is selected. The control transistor (T2, T2') is
connected as a current generator between a supply voltage
Vdd and the control electrode E1 of the OLED diode. The
sustain capacitor (C1, C1') is connected between the gate of
the control transistor and the supply voltage Vdd. It should be
noted that various ways of connecting the sustain capacitor
exist. For example, the sustain capacitor of one of the drivers
could be connected to the row select line that controls the gate
of the switching transistor of the other driver (not illustrated).

The difference between the two structures stems from the
way in which the switching transistors T1 and T1' are
addressed for alternately controlling the display function or
the recovery function on the associated drivers COM and
COM..

FIG. 3 is a basic circuit diagram that illustrates a first way
of implementing this addressing. FIG. 4 is a circuit diagram
corresponding to the implementation of a pixel correspond-
ing to the invention and FIG. 5 shows a topological imple-
mentation of a corresponding active matrix.

In this first embodiment, two column data lines per pixel
are provided, and the alternating control in video display
mode and recovery phase of the two switching transistors of
a pixel pix, ; uses two column data lines DATA j and DATA j'
associated with the pixel, each column data line receiving
alternately a video voltage and a blocking voltage, the gates of
the switching transistors T1 and T1' being driven by the row
selectline Scan 1 of the pixel. The first column dataline DATA
j is connected to the drain or to the source of the switching
transistor T1 while the second column data line DATA ' is
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connected to the switching transistor T1'. A corresponding
matrix of n columns x m rows of pixels therefore requires 2n
column data lines—two per column—and m row select lines
for addressing it, i.e. n additional columns compared with a
standard matrix. Moreover, it comprises two 2-transistor driv-
ers each per pixel.

In an arrangement according to the invention, each pixel
pix,; is placed between two row select lines Scan 1 and Scan
i+1 as demonstrated in the circuit diagram of FIG. 4 and the
topological diagram of FIG. 5, with a symmetrical arrange-
ment of the drivers COM and COM'. This arrangement is
facilitated by modifying the control of the switching transis-
tor T1 and T1' compared with the diagram shown in FIG. 3.
These transistors are controlled by two different row select
lines of the display screen, namely Scan 1 and Scan i+1, rather
than by the same line. In the example, the gate of the switch-
ing transistor T1'is driven by the row select line Scan i while
the gate of the switching transistor T1 is controlled by the row
select line Scan i+1.

Advantageously, this arrangement has:

a symmetry of the topology within the pixel pix,; with
respect to the pixel electrode E1, each driver located as
close as possible to the row select line that drives it, in the
example, Scan i in the case of the driver COM' and Scan
i+1 in the case of the driver COM;

symmetrical positioning of the transistors T2 of the pixels
of one row relative to the transistors T2' (and vice versa)
of the pixels of the following (or preceding) row relative
to the row select line between the two rows. In the
example, the transistors T2 are positioned above each
row select line and the transistors T2' are positioned
below it; and

a back-to-back arrangement on either side of a row select
line of the first switching transistor of the first driver for
one pixel with the first switching transistor of a second
driver for another pixel. Thus, there are pairs of transis-
tors T1, T1' placed back-to-back with respect to a com-
mon row select line that drives these two transistors T1
and T1', such as for example the pair formed by the
transistor T1 of the pixel pix,, , - and the transistor T1' of
the pixel pix; ., as may be seen in FIG. 4, and demon-
strated in the bottom-right part of the topological dia-
gram in FIG. 5. This back-to-back positioning with
respect to a row select line makes it possible to optimize
the space and therefore to increase the open aperture
ratio. This is because the row select lines that are usually
produced from gate metal Mg (typically TiMo, i.e. tita-
nium molybdenum) have a suitable design (FI1G. 5) so as
to form the gates g of the switching transistors T1 and
T1'. Furthermore, a source electrode of these transistors
is formed by the associated column data line, without
having to provide an excrescence of this line. The space
is best optimized.

The supply Vdd is advantageously distributed over the
matrix not only in columns (or only in rows) but over a
matrixed arrangement of row conductors and column conduc-
tors rc and cc in electrical continuity, as illustrated in FIG. 13,
which makes it possible to deliver Vdd to the source/drain
electrodes of the current control transistors T2 and T2 at the
nodes nl and n2 which each also correspond to the common
node between the current control transistor and the sustain
capacitor of the corresponding driver. This distribution of the
supply Vdd is accomplished without encroaching on the zone
of the pixel electrode E1 in which the OLED diode is pro-
duced. With such a matrixed distribution of the supply bus
Vdd, the access resistance is low and substantially the same
for all the pixels. The matrixed distribution advantageously
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6

provides a redundancy function, so that the manufacturing
vield of the matrix is much better: matrixed distribution
ensures that the current is distributed for all the pixels of the
active zone even in the event of breaks that may occur in the
supply columns or rows in the fabrication process. Matrixed
distribution makes it possible to reach all the nodes for con-
nection to Vdd (n1, n2) of the matrix, while still optimizing
the optical area available at each pixel.

The supply bus Vdd is typically produced on the source-
drain metal level Msd of the matrix (typically made of molyb-
denum (Mo)). It thus naturally produces a source-drain elec-
trode of the transistors T2 and T2' by extending laterally along
the rows on either side of each supply column Vdd, thus
forming the matrix arrangement.

The source-drain metal level is also usually that of the
column data lines DATA j, DATA j', that thus form of course
in the source-drain electrodes of the switching transistors T1,
T1', for example the electrode el of the transistor T1 (FIG.
).

Between two columns of pixels there are thus three vertical
conductors, namely one supply column conductor Vdd and
two column data line conductors, for example DATA j' and
DATA j+1, placed on either side of it.

Both to limit the risks of a short circuit on the source-drain
metal level between the coplanar column conductors and to
produce these various column conductors close together, in
order to increase the open aperture ratio, the column data lines
are advantageously produced using a knitting method
between two metal levels of the matrix, i.e. by using the
source-drain metal level and the gate metal level, and by
providing contact point(s) between them: the source-drain
metal level Msd is used only in the geographical zone of the
transistors, to produce source/drain electrodes el_, of the
switching transistors T1 and T1'. The gate metal level Mg is
used everywhere else, and especially along the pixel elec-
trodes E1, thereby having the supply column Vdd and the
column data lines on either side of it very close together. In
respect of the column data lines, the passage between the two
metal levels Msd and Mg is typically formed by means of
contact points ctl, ct2 obtained by an aperture Oig in the gate
insulation layer, allowing the source-drain metal level Msd to
come into contact at these points with the gate metal level.

The other source-drain electrode el',; of the switching
transistors T1, T1', made of source-drain metal, is connected
to the gate of the associated current control transistor T2 or
T'2 by providing an aperture in the gate insulation for making
the contact (ct3).

The matrixed distribution of the supply bus Vdd prevents
passage of a source-drain metal conductor Msd in the zone
between the two contact points ct1 and ct2: the column con-
ductor Vdd made of source-drain metal Msd is divided on
each side into supply line conductors before ctl, in order to
form on each side the source-drain electrodes €2 _;and €2'_, of
the transistors T2 and T2' that face each other symmetrically
withrespect to the row select line, and join up onthe other side
after ct2. In other words, the matrixed distribution Vdd is
produced so as to bypass each of the pairs of back-to-back
transistors T1 and T1'. In this way, the optical aperture is
optimized without in any way sacrificing the reliability of the
fabrication process and the fabrication yield.

The pixel electrode E1 is typically produced on the source-
drain metal level Msd (FIG. 5). An aperture Op is made in the
passivation layer of the matrix in order to expose a contact
zone on this electrode E1, that is to say the optical zone of the
pixel on which the organic light-emitting diode will be
placed.
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To optimize the area occupied by the current control tran-
sistors, which must have a width W of the channel of large
enough size to provide the current needed for the OLED
diodes, these transistors T2, T2' advantageously have what is
called a topology with interdigitated source-drain electrodes,
as illustrated in FIG. 5, thereby making it possible to obtain
the desired ratio over a minimum width (considering the
width in the direction of the row select lines), and therefore
without degrading the open aperture ratio of the pixel. More
precisely, a source-drain electrode €2, of these transistors is
formed by excrescenses (fingers) of the pixel electrode E1
(source-drain metal Msd), whereas the other source-drain
electrode e2', , is formed by excrescenses from the supply bus
Vdd. The symmetrical positioning of the two transistors T2
and T?2' with respect to each row select line makes it possible
to produce a corresponding electrode e2_, in each of these two
transistors from the same portion of supply line conductor
Vdd. It will be noted that at this point the supply conductor
Vdd (made of Msd metal) is located on the row select line
made of gate metal Mg, so that there is optimum management
ofthe occupied space. Furthermore, this implementation with
aplurality of electrode fingers makes it possible to limit pixel
defect problems in the event of a break at a finger, compared
with implementations having single fingers.

Between two pixel columns there are thus two column data
line conductors, for example DATA j' and DATA j+1 flanking,
on each side, a supply column conductor Vdd.

The arrangement according to the invention makes it pos-
sible in particular to optimize the area occupied by a four-
transistor pixel, with an advantageous open aperture ratio.

The transistors are typically TFTs (thin-film transistors)
preferably made of amorphous silicon: the channel of these
transistors is made of amorphous silicon a-Si, between the
source-drain electrodes (Msd level), and controlled by the
gate (on the Mg level) more particularly as shown on one of
the transistors in FIG. 5.

FIG. 6 is a basic circuit diagram illustrating another
method of addressing the switching transistors T1 and T1' of
a four-transistor control structure for controlling, alternately,
the display function or therecovery function on the associated
drivers COM and COM'. FIG. 7 is a circuit diagram corre-
sponding to an implementation of a corresponding pixel
according to the invention and FIG. 8 shows a topological
implementation of a corresponding active matrix.

Instead of inserting additional column data lines in order to
allow the alternation of the display and recovery functions of
the drivers COM and COM' as in FIG. 3, row select lines are
used. Instead of doubling the number of column data lines, the
number of row select lines is doubled. A corresponding
matrix will therefore comprise 2-m row select lines—two per
pixel—and n column data lines associated with mn pixels
pix;,; of the display screen.

In this embodiment, the gate of the switching transistor T1
is connected to the row select line Scan i of the pixel pix, ,, and
the gate of the dual switching transistor T1' is connected to
another row select line, which is denoted by Scan i'. As
illustrated in FIG. 8, the same column data line, for example
DATA j+2, is connected to a source-drain electrode el of all
the transistors T1 of the pixels of the column to the right of
this line and to a source-drain electrode el',, of all the tran-
sistors T1' of the pixels of the column to the left of this line.

From the standpoint of the arrangement and the topology
of the matrix, everything described above in relation to FIGS.
3 to 6 applies in the same way, since in both cases each pixel
is flanked by two row select lines which each control one of
the switching transistors (T1, T1'") of this pixel, but the nec-
essary space for producing the pixels is greater here, since
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there is only one supply conductor and one column data line
between two columns of pixels.

Furthermore, the back-to-back positioning of the two tran-
sistors T1 and T1' associated with the same column data line
and with the same row select line therefore makes it possible
to produce the source-drain electrode el , for these two tran-
sistors T1 and T1' with the same column data line conductor,
that is to say the part of the source-drain metal Msd between
the two contacts ctl and c¢t2 without having to adapt the
design thereof. The space is thus best optimized.

FIG. 9 illustrates a diagram showing the principle of an
OLED pixel with a control structure based on six transistors,
namely three per driver COM. The advantage of such a struc-
ture is that it does not require additional row select or column
data lines to control the alternating recovery and video dis-
play functions on the drivers COM and COM'. For a screen
consisting of nxm pixels, there are therefore m row select
lines Scan 1 and n column data lines DATA j as in the prior art
(FIG.1).

This is a precious advantage in terms of circuit topology
(intersection of lines, control of the lines) and the space
occupied. This is achieved by providing an additional switch-
ing transistor by means of which the current control transis-
tors are alternately controlled. This additional driver switch-
ing transistor is denoted by T3 in the case of the driver COM
and T3' in the case of the driver COM'. In what follows, the
transistors T1 and T1' are referred to as first switching tran-
sistors and the transistors T3 and T3' are referred to as second
switching transistors.

As illustrated in FIGS. 8 and 9, for each pixel pix, , there is
asingle column data line DATA j that is connected to the first
switching transistors T1 and T1' of the two drivers COM and
COM, a first row select line, to which the gate of the first
switching transistor of one of the drivers is connected, and
another row select line of the matrix, preferably the previous
line, to which the gate of the first switching transistor of the
other driver is connected. In the example, in the case of the
pixel pix, , the row select line Scan 1is connected to the gate
of the switching transistor T1 of the driver COM, while the
row select line Scan i-1 is connected to the gate of the switch-
ing transistor T1' of the driver COM'. The components T1,C1
and T2 of the driver COM and T1', C1' and T2' of the driver
COM' are also connected together and to the OLED diode as
indicated previously, especially in relation to FIG. 3. As pre-
viously, n1 and n2 respectively denote the node for connec-
tion of a source-drain electrode of the transistor T2 and T2'
respectively to Vdd, while ct3 and ct4, respectively, denote
the node for connection of a source-drain electrode of the first
switching transistor T1and T1', respectively, to the gate of the
control transistor T2 and T2' respectively.

The second switching transistor T3, T3' provided in each
driver is connected between the gate of the current control
transistor and the row select line Scan i, Scan i-1 respectively
of the first switching transistor of the driver to which it
belongs. The gate of the second switching transistor of a
driver is connected to the row select line associated with the
other driver. In the example illustrated, the transistor T3 ofthe
pixel pix, ;is thus connected between the row select line Scan
1 of the switching transistor T1 and the gate of the current
control transistor T2. Furthermore, its gate is connected to the
row select line Scan i-1 . The transistor T3' is connected
between the row select line Scani-1 of the switching transis-
tor T1' and the gate of the current control transistor T2'.
Furthermore, its gate is connected to the row select line Scan
1.

According to the invention, a corresponding pixel arrange-
ment is provided so as to best optimize the space, while still
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taking into account the technological constraints. In particu-
lar, as already indicated above, the aim is to arrange the
drivers COM and COM' symumetrically within the pixel so as
to obtain an optimum open aperture ratio. It is particularly
advantageous to be able to arrange the switching transistors
back-to-back, making it possible to limit the necessary space
and make the connections easier. It is also advantageous to be
able to arrange the current control transistors symmetrically
relative to the row select lines.

A corresponding arrangement according to the invention is
illustrated in FIGS. 10,11 and 12. FIGS. 10 and 11 are circuit
diagrams for a pixel (FIG. 10) and for four adjacent pixels
(FIG. 11). FIG. 12 is a topological diagram of a correspond-
ing matrix.

In this arrangement, a doubling of the row select lines is
provided so that there are two branches Scan,, i and Scan, i of
arow select line Scan i on either side of the optical area. Fach
pixel is thus flanked by two row select lines, which are the top
and bottom branches Scan, i and Scan, i of the same row
select line. This arrangement allows the switching transistors
of the pixel to be favourably implemented without crossing
over the pixel. It also allows the two drivers COM and COM'
of the pixel to be arranged symmetrically on either side of the
pixel electrode E1. In practice, the doubling of the lines is
provided on the boundary of the active zone AZ.

The current control transistors T2 and T2' of a pixel are
placed alongside the pixel electrode, between the pixel elec-
trode E1, which forms a source-drain electrode €2, of these
transistors, and a supply column Vdd, which forms the other
electrode €2', ; thereof. Here, the transistors are an L, with a
single source-drain electrode finger. The width W of the chan-
nel, which has to be large for these transistors, is obtained
here by exploiting the length of the pixel electrode E1. The
separation between the two transistors T2 and T2' is obtained
by a separation Og between the two gates g of these transis-
tors.

The supply bus Vdd is distributed via supply column con-
ductors cc coming from a top main bus Bt or bottom main bus
Bb, as illustrated in FIG. 14. There is thus one supply column
conductor cc for each column of pixels, which is placed in
each interval between two columns of pixels (FIG. 12).
Indeed, a matrixed distribution as in FIG. 13 is not advanta-
geous in the case of the six-transistor control structure. To
limit the voltage drop between the supply column conductors
¢, because of the current consumption in the pixels, broad
supply column conductors are produced, as may be seen in
FIG. 12, so as to obtain the lowest possible access resistance.

Apart from these differences, associated with the presence
of one additional switching transistor per driver, the other
features of an arrangement according to the invention, seen in
relation with the previous embodiments for four-transistor
control structures, apply in the same way with the same
effects. In particular, there is again knitting with the contact
points ctl and ct2. The switching transistors are concentrated
between two successive row select lines, mainly between the
bottom branch of a row select line, for example Scan,, i, and
the top branch of the following row select line, in the example
Scan, i+1. This arrangement makes it possible to optimize the
various connections to be produced, especially the connec-
tions connecting, in common, the source-drain electrodes of
the switching transistors of a driver to the gate of the current
control transistor: there is thus one point of contact ct3 for
connecting the source-drain electrode €'l_; of the transistor
T1 and the source-drain electrode '3, of the transistor T3 to
the gate of the transistor T2 and one point of contact ct4 for
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connecting the source-drain electrode €'l of the transistor
T1' and the source-drain electrode ¢3_; of the transistor T3' to
the gate of the transistor T2'.

The points of contact ct1 and ¢t2 also serve for connecting
the source-drain electrode el ; of the transistor T1' to the
column data line associated with the corresponding pixel,
which forms the source-drain electrode el of the transistor
T1 of the previous pixel in the column.

A point of contact ct5, ct6 respectively allows the electrode
€3, , of the transistor T3, T3' respectively to be connected to
the corresponding row select line.

The various examples of arrangements that have just been
given for illustrating the invention show that, by arranging
each pixel between two row select lines that drive the switch-
ing transistors of this pixel (in the first example, Scan i and
Scan 1, and in the second example, Scan,, i and Scan,, 1), it is
possible to arrange the two drivers symmetrically, on either
side of the pixel electrode, between the pixel electrode and the
row select line that drives the switching transistor or transis-
tors of the driver in question, and that the knitting of the
column data lines between the conductor level of the source-
drain electrodes of the transistors and the gate conductor level
ofthe transistors makes it possible to produce an active matrix
with a maximized optical aperture and optimum fabrication
reliability (no risks of short circuits due to excess metal
between coplanar conductors).

The back-to-back arrangement of the switching transistors
driven by the same row select line advantageously increases
the optical aperture.

In the examples illustrated, the sustain capacitors C1 and
C1" are typically produced by the gate-source (or gate-drain)
capacitances of the current control transistors.

The matrixed distribution of the supply bus (FIG. 13) that
may advantageously be employed in the case in which the
drivers comprise a single switching transistor makes it pos-
sible to improve the access resistance and therefore to obtain
better power distribution over the matrix, while still improv-
ing the reliability of the fabrication process (redundancy).

The invention that has just been described applies most
particularly to organic light-emitting diode display screens
using an active matrix based on TFT (amorphous silicon)
transistors. It applies more generally to any active-matrix
organic light-emitting diode display screens.

It will be readily seen by one of ordinary skill in the art that
the present invention fulfils all of the objects set forth above.
After reading the foregoing specification, one of ordinary
skill in the art will be able to affect various changes, substi-
tutions of equivalents and various aspects of the invention as
broadly disclosed herein. It is therefore intended that the
protection granted hereon be limited only by the definition
contained in the appended claims and equivalent thereof.

The invention claimed is:
1. An active matrix for an organic light-emitting diode
display screen, comprising:
pixels arranged in rows and in columns, each pixel includ-
ing,
a pixel electrode capable of accommodating an organic
light-emitting diode on the surface, and
first and second current drivers connected to said pixel
electrode, wherein the first and second current drivers
each include,
a current control transistor connected between a sup-
ply voltage Vdd and said pixel electrode, and
at least a first switching transistor that controls a gate
of said current control transistor,
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wherein said first switching transistor is connected
between a column data line of the matrix and the
gate of said current control transistor,
a gate of the first switching transistor is connected to
a row select line of the matrix, and
source or drain electrodes of the first switching tran-
sistor and the current control transistor, and the
pixel electrodes are disposed at a source-drain
metal level, and the gate electrodes of the first
switching transistor and the current control transis-
tor are each disposed at a row select line of the
matrix, on a gate metal level;
each pixel is disposed between two row select lines of the
matrix, with the first current driver disposed between a
first of these two row select lines and the pixel electrode,
said first row select line forming the gate of the first
switching transistor of the first current driver and the
second current driver is disposed between a second of
these two row select lines and the pixel electrode, said
second row select line forming the gate of the first
switching transistor of the second current driver;

asource-drain electrode of the current control transistors of
the first and second current drivers is formed by a Vdd
supply bus produced on the source-drain metal level, and
the other source-drain electrode of the control transistors
is formed by an excrescence of the pixel electrode on the
source-drain metal level; and

each column data line is disposed between two columns of

pixels of the matrix and formed from said source-drain
metal level and said gate metal level, said gate metal
level being used along the pixel electrodes and said
source-drain metal level being used in zones between
said pixel electrodes where the first switching transistors
of said first and second current drivers are disposed.

2. The matrix according to claim 1, wherein said supply
voltage Vdd is distributed over the matrix by the Vdd supply
bus with a row/column matrixed arrangement.

3. The matrix according to claim 2, wherein each area

20

25

between two successive columns of pixels comprises the Vdd 40

supply bus and at least one column data line conductor.
4. The matrix according to claim 2, wherein the first
switching transistor of the first current driver for a first pixel

12

and the first switching transistor of the second current driver
for another pixel are placed back-to-back and on either side of
arow select line.

5. The matrix according to claim 4, wherein each area
between two successive columns of pixels comprises the Vdd
supply bus column and a column data line conductor, and said
first switching transistors placed back-to-back have a source-
drain electrode formed by a portion of a source-drain metal
column conductor of the column data line conductor.

6. The matrix according to claim 2, wherein the control
transistor of the first current driver of a first pixel and the
control transistor of the second current driver of a preceding
or following pixel are arranged symmetrically on either side
of a row select line.

7. The matrix according to claim 2, wherein the control
transistors of said first and second current drivers have inter-
digitated source-drain electrodes, each source-drain elec-
trode comprising more than one finger.

8. The matrix according to claim 1, wherein

each first current driver and each second current driver

comprises a second switching transistor connected
between the row select line, to which the gate of the first
switching transistor of the first current driver and second
current driver is connected, respectively, and the gate of
said control transistor, and

the gate of the second switching transistor is connected to

another row select line, wherein each row select line is
divided in an active zone into a first branch and a second
branch placed on either side of a corresponding row of
pixels.

9. The matrix according to claim 8, wherein the supply
voltage Vdd is distributed by column conductors, with a sup-
ply column conductor in each area between two columns of
pixels, and in which the control transistors of the first and
second current drivers of a pixel are produced along the pixel
electrode, between said pixel electrode and said supply col-
umn conductor which form, respectively, a first source-drain
electrode and a second source-drain electrode of said control
transistors.

10. A display screen comprising:

organic light-emitting diodes, each including an active

matrix according to any one of the preceding claims.
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