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(57) ABSTRACT

An active matrix OLED pixel driver circuit comprises: a
power supply connection to receive a power supply; an OLED
drive connection to drive an OLED; an OLED drive transistor
having an input, output and control connection, wherein said
input connection is coupled to said power supply connection
and said output connection is coupled to said OLED drive
connection; a gate capacitor having a first plate coupled to
said control connection of said OLED drive transistor and a
second plate coupled to a common capacitor connection; a
first select transistor having an input connection, an output
connection coupled to said first plate of said gate capacitor,
and a control connection coupled to a first pixel select con-
nection of said OLED pixel driver circuit; an input capacitor
having a first plate coupled to said input connection of said
first select transistor and a second plate coupled to said com-
mon capacitor connection; and a second select transistor hav-
ing an input connection, an output connection coupled to said
first plate of said input capacitor, and a control connection
coupled to a second pixel select connection of said OLED
pixel driver circuit.

1. _I_
124&

120




Patent Application Publication = May 15,2014 Sheet 1 of 7 US 2014/0132174 A1

Vdat
122\ 1106 »
104 . »
N J
12310\ T
' /102
FLf/_( L I“i
Vg 108
124X T T
'}OO/
Figure 1
Vdat

122
N j "%

[ vg’ ‘1/ 108
o | Tiu T

Figure 2



May 15,2014 Sheet 2 of 7 US 2014/0132174 Al

Patent Application Publication

qg ainbi4 eg ainbi-
0 0
?E_u pIoy jenba) O |B101 S53) 9%0E UM AMOU 1N Z8Y 1 T1ON !
- - o 10
70 L. 20
WA TS NI 7Sy UL TIY
NI TS SuiwwesSoud . 404 dosp -
_ SupuwesSosd : £0 9%0T 032wl ] F €0
Jo41eusis
J04{eudis %06 03 BWLL
o . 5 R .
_ %06 01 3w | L b0 . e unoupgsy 7O
VAR | 1oy doip
o f 4 50 %0r 018w - SO
?
90
30 M&IJ :
k\\ Lo / Lo
m>uvv\\\‘\ \\ j/
- g0 80
zie 01g \\\Nf in
>
Ba
T




Patent Application Publication =~ May 15,2014 Sheet 3 of 7 US 2014/0132174 A1
404 \ COLUMN_DATA
Vdd : :
' _L/ 104
source
402 103
102
/ 1y 4~
ROW_SELECT T
\ 408
2
124 6{3 OLED
GND :
y Figure 4a
400
440 \ COLUMN_DATA
Vvdd
l - 104

124
ROW_SELECT \

source
o 102

e

=
L

*ROW_SELECT

434

124bf

Yipar

442

|0LED 436

Figure 4b



Patent Application Publication = May 15,2014 Sheet 4 of 7 US 2014/0132174 A1

COLUMN_DATA
Yoar

472 POWER

ROW_SELECT
Vselect
shet

L ' - 482
102

103 E { |
__J Cs T3 sourrée
=2 |1 Figure 4¢
\ 464 oo

%

| f 466
Vieset
Tl L

GND
. Framing ~
, < et
| Writin Holding
w0/ =i >
VSelecL a
] H b
Y o
v
POWER <-meom e e e Y

EPTY




Patent Application Publication = May 15,2014 Sheet 5 of 7 US 2014/0132174 A1

404 \ COLUMN_DATA

504 502
1= 1

402 ~ 103 source
\ L T/ 4[/102

Vdd

g |

' N 508
ROW_SELECT

Y ' 406
124 ‘ .
: ‘g{ OLED

GND

o Figure 5a

440 \JCOLUMN_DATA
Vdd

| _ 534 |53
36 source
_ T ‘ : T o 102
l /432 o \ 103Ci .
124
ROW_SELECT \ T ,;uJ 434
L

*ROW_SELECT 4 438

1 241)7

lotep 436

&

¥ (oAt
442

Figure 5b



Patent Application Publication = May 15,2014 Sheet 6 of 7 US 2014/0132174 A1

COLUNIN_DATA
loat

472 POWER
470
ROW_SELECT d
\ 12
L 462
o3 102
\ ‘E ‘ bra
566 | source
i T‘ 564 T 562

¥Yloweo

gf 456

Figure 5¢



Patent Application Publication = May 15,2014 Sheet 7 of 7 US 2014/0132174 A1

6143 1616 /608

r>~—— F—— = r——-

l @ﬁ, | 1 B

| || @ [ ! @ :

! (o [ i

( | |

N FE R P R N A
S IS I _ A ;602
| A
! i, 124
| /

612\ : [ ﬁ
( t— — Row 1
| : _ ;
: L I .
I 1 | ] ] 124
[ /
; 1 |
R — =
T / ........... // ................
156 122 122
650 4

Figure 6



US 2014/0132174 Al

PIXEL DRIVER CIRCUITS

FIELD OF THE INVENTION

[0001] This invention relates to improved pixel driver cit-
cuits and techniques for active matrix organic light emitting
diode (OLED) displays.

BACKGROUND TO THE INVENTION

[0002] It is known to drive an OLED display using an
‘active matrix’ arrangement in which individual pixels of the
display are activated by an associated thin film transistor. (In
this specification, where in this specification, references to
pixels of an OLED display should be interpreted as also
covering sub-pixels of a multicolour OLED display, typically
constructed using groups of red, green and blue-emitting
sub-pixels).

[0003] In one drive technique an analogue current is
employed to program the drive current of an active matrix
OLED pixel so that the current through the pixel, and hence
the luminance, is proportional to the programmed level. In
another approach a pixel is voltage-programmed and the pixel
luminance is determined by a programming voltage applied
to the active matrix (AM) pixel.

[0004] Whether a pixel is current programmed or voltage
programmed, an active matrix pixel comprises a memory
element, typically a storage capacitor, coupled to an OLED
drive transistor.

[0005] It is generally desirable to reduce the area of the
memory element (storage capacitance), butit is also desirable
to maintain a long pixel ‘memory’ (programmed luminance
hold time) especially as the number of pixels in a display
grows larger.

SUMMARY OF THE INVENTION

[0006] According to a first aspect of the invention there is
therefore provided an active matrix OLED pixel driver cir-
cuit, the circuit comprising: a power supply connection to
receive a power supply;

[0007] an OLED drive connection to drive an OLED; an
OLED drive transistor having an input, output and con-
trol connection, wherein said input connection is
coupled to said power supply connection and said output
connection is coupled to said OLED drive connection; a
gate capacitor having a first plate coupled to said control
connection of said OLED drive transistor and a second
plate coupled to a common capacitor connection; a first
select transistor having an input connection, an output
connection coupled to said first plate of said gate capaci-
tor, and a control connection coupled to a first pixel
select connection of said OLED pixel driver circuit;

[0008] an input capacitor having a first plate coupled to
said input connection of said first select transistor and a
second plate coupled to said common capacitor connec-
tion; and a second select transistor having an input con-
nection, an output connection coupled to said first plate
of said input capacitor, and a control connection coupled
to a second pixel select connection is a said OLED pixel
driver circuit.

[0009] In embodiments by doubling up the number of
capacitors, and sharing the storage capacitance amongst
these, the total area of the storage capacitance (summing that
of the gate capacitor and input capacitor) may be reduced.
This may be achieved whilst maintaining the hold time of the
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active matrix pixel circuit and, simultaneously, maintaining
or reducing the programming time of the circuit. This is
counter-intuitive because normally one would expect both the
hold time and the programming time to be proportional to the
capacitance, and that therefore increasing one should
increase the other. In embodiments of the pixel driver circuits
we describe, the programming time may be reduced without
substantially affecting the hold time for the same overall area
of storage capacitance.

[0010] In embodiments, each of the pixel select connec-
tions is coupled to a shared pixel select connection of the pixel
driver circuit, although this is not essential as ‘ganged’ control
of two (or more) pixel select connections may be employed.
Similarly, in embodiments of one type of pixel driver circuit
the common capacitor connection is coupled to the power
supply connection for the pixel driver circuit. However in
other embodiments of the same type of pixel driver circuit the
common capacitor connection may be brought out on a sepa-
rate line (shared between multiple pixel driver circuits).
[0011] The above described techniques may be employed
for programming and storing the gate voltage on the OLED
drive transistor in either a current-programmed or a voltage-
programmed active matrix pixel driver circuit, that is in a
circuit in which the drive transistor gate voltage/pixel lumi-
nance is programmed by either a current or a voltage on a
programming connection to the OLED pixel driver circuit.
[0012] Depending upon the implementation of the pixel
drive circuit the programming signal (voltage or current) is
not necessarily applied to the input connection of the second
select transistor. In one arrangement a programming voltage
or current is applied directly to the input connection of the
second select transistor. In a variant of this, the programming
voltage or current is applied to the input connection of the
second select transistor via a further select transistor (con-
trolled by the same or a different pixel select connection of the
OLED pixel driver circuit).

[0013] Inother arrangements, however, and in particular in
other current-programmed arrangements, the input connec-
tion of the second select transistor is coupled to a power
supply connection to the pixel driver circuit. Then a third-
select transistor may be employed, coupled between a current
programming line of the circuit and the common capacitor
connection. This third select transistor also has a control
connection coupled to the same or a different pixel select
connection of the pixel driver circuit. In this way, broadly
speaking the second select transistor may operate to diode-
connect the OLED drive transistor, the programming current
then being supplied to the circuit (from a current-program-
ming line) via the third select transistor. In embodiments of
this circuit the common capacitor connection may then be
coupled to the OLED drive connection of the circuit.

[0014] In embodiments of the above described circuits,
whether current or voltage programmed, a source connection
of the OLED drive FET (field effect transistor) is coupled to
the common capacitor connection. This may be a local con-
nection within the pixel driver circuit, or may be a connection
made elsewhere on the display, or such a connection may be
made off-display.

[0015] Insome embodiments of the circuit the gate capaci-
tor and input capacitor have substantially the same capaci-
tance value. However this is not essential and, in embodi-
ments, it may be desirable to increase the capacitance of the
input capacitor and decrease that of the gate capacitor to
change from a 50:50 ratio to a ratio of greater than 60:40,
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70:30, 80:20 or 90:10. In practice an optimum ratio may be
determined by Experiment—with a low gate capacitance,
parasitic capacitance in the circuit will cause coupling of
voltage changes onto the gate of the drive transistor. This is
undesirable especially where, as in many applications, accu-
rate pixel luminance values are important. Conveniently, in
embodiments, the gate capacitor is integrated with the OLED
drive transistor by extending a region of gate-source overlap
in the drive transistor.

[0016] Theabove described techniques may be extended by
incorporating a further select transistor having input/output
connections coupled between the output connection of the
second select transistor and the input connection of the first
select transistor, with a control connection coupled to the ora
pixel select connection of the circuit. Then a further capacitor
is coupled between the input connection of the first select
transistor and the common capacitor connection. In this way
the above described approach is extended to three select tran-
sistor-storage capacitor stages. However in practice there are
likely to be diminishing returns from increasing the number
of stages beyond two.

[0017] In arelated aspect the invention provides a method
of driving a pixel of an active matrix OLED display, using a
pixel driver circuit comprising: a power supply connection to
receive a power supply; an OLED drive connection to drive an
OLED; an OLED drive transistor having an input, output and
control connection, wherein said input connection is coupled
to said power supply connection and said output connection is
coupled to said OLED drive connection; the method compris-
ing: programming a control voltage on said control connec-
tion of said OLED drive transistor via a chain of transistor-
capacitor circuit sections, each said circuit section
comprising a select transistor having an output coupled to a
capacitor, a final said select transistor of said chain having
said output of said select transistor coupled to said control
connection of said OLED drive transistor, each of said select
transistors having a control connection coupled to a pixel
select line of said display and each capacitor of said chain
having one plate coupled to a common capacitor connection
for said chain; said programming comprising: controlling
each of said select transistors to switch on to charge each of
said capacitors responsive to a programming signal applied to
said chain of transistor-capacitor circuit sections, to charge a
final capacitor of said chain to apply said control voltage to
said OLED drive transistor; and controlling all of said select
transistors to switch off to maintain said control voltage on
said control connection of said OLED drive transistor.

[0018] As previously described, in embodiments the pro-
gramming signal need not necessarily be applied to an input
connection of a first transistor of a first transistor-capacitor
circuit section (i.e. the circuit section furthest from the gate of
the drive transistor). Instead, in some arrangements, the pro-
gramming signal may be applied via an additional select
transistor coupled directly to the capacitor of the first transis-
tor-capacitor circuit section of the chain.

[0019] In arelated aspect the invention provides an active
matrix OLED pixel driver circuit, the circuit comprising: a
power supply connection to receive a power supply; an OLED
drive connection to drive an OLED; an OLED drive transistor
having an input, output and control connection, wherein said
input connection is coupled to said power supply connection
and said output connection is coupled to said OLED drive
connection; and
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[0020] aprogramming circuit for programming a control
voltage on said control connection of said OLED drive
transistor, said programming circuit comprising a chain
of transistor-capacitor circuit sections, each said circuit
section comprising a select transistor having an output
coupled to a capacitor, a final said select transistor of
said chain having said output of said select transistor
coupled to said control connection of said OLED drive
transistor, each of said select transistors having a control
connection coupled to a pixel select line of said display
and each capacitor of said chain having one plate
coupled to a common capacitor connection for said
chain.

[0021] The invention also provides an active matrix OLED
display incorporating the above described techniques. The
display may comprises a display panel bearing an array of
pixel driver circuits, each as described above, fabricated from
thin film transistors (TF1’s) in amorphous silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other aspects of the invention will now be
described, by way of example only, with reference to the
accompanying Figures in which:

[0023] FIG. 1 shows an active matrix OLED (AMOLED)
pixel driver circuit with a double select switch;

[0024] FIG. 2 shows an active matrix (AMOLED) pixel
driver circuit with two cascaded capacitors according to an
embodiment of the invention;

[0025] FIGS. 3a and 3b show simulations of the perfor-
mance of acircuits of FIGS. 1 and 2 showing, respectively, the
time for the gate voltage of the drive transistor to fall by 10%,
and the programming time to reach 90% of a desired gate
voltage;

[0026] FIGS. 4a to 4d illustrate active matrix OLED pixel
driver circuits in which the techniques we describe may be
employed;

[0027] FIGS. 5ato 5cillustrate embodiments of AMOLED
pixel driver circuits according to the invention; and

[0028] FIG. 6 illustrates an AMOLED display incorporat-
ing pixel driver circuits according to an embodiment of the
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] An AMOLED pixel circuit has at minimum a drive
transistor which supplies the OLED current, a select transis-
tor which selects the circuit when programming, and a capaci-
tor to store the required driver transistor gate voltage for the
frame time. Often there will be additional select devices,
other switch devices and possibly more than one drive device
and/or capacitor. However the principle of the techniques we
describe will also work for these variants.

[0030] The pixel circuit needs to store a drive level with
relative stability for a full frame period. The drive level is
typically determined via a programming current and some
kind of switchable feedback, or via a programming voltage.
However regardless of the method the result is a voltage on
the gate of the drive transistor which is held using a capacitor.
The size of the capacitor is determined by the total current
leakage—which changes the stored voltage with time—and
by the duration for which the voltage needs to be stored.
Typically the dominating leakage path is through the select
transistor.
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[0031] Referring now to FIG. 1, this shows an AMOLED
pixel circuit 100 comprising an OLED drive transistor 102
having a gate connection coupled to a gate charge storage
capacitor 104 storing a gate voltage V. Both the transistor
102 and gate capacitor 104 are coupled to a power supply
(Vpp) line 106. A pair of select transistors 110, 120 are
connected with their input/output connections in series
between the gate of drive transistor 102 and a data line 122,
here a voltage-programming data line to program directly
voltage V,, on the gate of transistor 102. The gates of transis-
tors 110, 120 are connected together to a pixel select line 124.
Connection 108 of drive transistor 102 provides an OLED
drive connection for driving an OLED pixel or sub-pixel
(OLED not shown in FIG. 1).

[0032] The arrangement of FIG. 1 uses the series-con-
nected select devices to reduce the leakage current, and hence
reduce the size of storage capacitor 104. In broad terms,
doubling up the select device enables the size of the storage
capacitance 104 to be reduced by a factor of approximately
two—the leakage current is effectively halved and thus for a
given storage time the size of the capacitance may also be
halved.

[0033] In broad terms the programming time T, of an
active matrix pixel driver circuit is proportional to the capaci-
tance C, to the resistance R though which the capacitance is
charged, and to the change in voltage, AV imposed by pro-
gramming of the pixel (whether voltage or current), and is
inversely proportional to the programming current, L., as
follows:

RCAV
[
prog

[0034] It can therefore be appreciated that the circuit of
FIG. 1 does nothing to improve the programming time:
Although the size of the storage capacitor 104 has halved, the
RC time constant is substantially unchanged because the
resistance through which the storage capacitor 104 is pro-
grammed has approximately doubled:

[0035] FIG. 2 shows an AMOLED pixel drive circuit 150
according to an embodiment of the invention. Like elements
to those of FIG. 1 are indicated by like reference numerals.
However in the circuit of FIG. 2 the storage capacitance 104
is split between a pair of capacitors, a gate capacitor 112
connected between the gate of transistor 102 and the V, , line
106 and an additional input capacitor 122 connected to the
series connection between transistors 110 and 120, and also
connected to power supply line 106. In embodiments of the
FIG. 2 arrangement there are the same number of switches as
in FIG. 1, and in embodiments the total capacitance may be
the same. However by cascading the capacitance the response
of the circuit is modified in a non-intuitive manner.

[0036] First, for a given capacitance, the time for the gate
voltage to drop to 10% of its original value is increased by
~40%. Alternatively it is possible to reduce the total capacitor
area to approximately 70% of that in the circuit shown in FIG.
1 while maintaining the same ability to hold the programmed
voltage.

[0037] Further, this circuit also reduces the time for the
circuit to settle to a new programmed voltage. These two
factors do not normally scale together. However the circuit in
FIG. 2 changes the profile of the gate voltage from an expo-
nential tending towards Vdat to more of an ‘S’ shaped profile,
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reducing the initial slope up to the 10% point, but increasing
the slope thereafter. If the capacitance is reduced to ~70% of
the previous circuit, the result is an approximate halving of
the programming time, with a reduced circuit area, without
compromising the hold-time to a 10% drop from the pro-
grammed level.

[0038] Inbroadterms, theeffect of splitting the gate storage
capacitance is that the voltage V.’ on the gate capacitance
‘chases’ the voltage V,, on the input capacitor 122. Concep-
tually one might expect this to increase rather than to reduce
the programming time but the overall effect, because the
value of the gate capacitor 112 may be reduced, is to decrease
the programming time.

[0039] Correspondingly, comparing the circuit of FIG. 2
with that of FIG. 1, in FIG. 1 the entire gate storage capaci-
tance 104 has two select transistor resistances in series with
this capacitance. One might expect that effectively reducing
the leakage resistance for a part of the storage capacitance by
locating the input capacitor 122 at a junction between the
series-connected select transistors would reduce the overall
hold time of the circuit. However, counter-intuitively, again
this is not the case, in broad terms because the value of V.’
chases’ the value of V, down.

[0040] With regard to the hold operation of the pixel circuit
of FIG. 2, the effect is to change the shape of the leakage
decay curve so that the initial portion of the curve is flattened
by comparison with that of FIG. 1. This is the important
portion of the curve since flattening this portion, albeit at the
expense of a faster later drop, increases the time for the stored
gate voltage to drop to a threshold value, for example 90%, of
its original level.

[0041] Referring next therefore to FIGS. 3a and 34, these
show the results of simulations of the circuits of FIGS. 1 and
2.FIG. 3a shows the decays of voltage values V,, V> and the
V,; of FIGS. 1 and 2 showing that although the V, falls faster
than V,, the gate voltage V’ of FIG. 2 falls slower than the
gate voltage V,_ of FIG. 1. Thus the point 300 in time at which
voltage V.’ falls to 90% of its original value is later than the
point 302 in time at which V,, ., ,, 90% of its original value.
It can also be seen that the shape of the decay curveis changed
and in particular flattened for an initial time portion of the
curve.

[0042] FIG. 35 shows corresponding curves for V,, V,, V.’
when programming the circuits of FIGS. 1 and 2. It can be
seen that the point 310 in time at which V_’ reaches 90% of a
target value is earlier than a point 312 in time at which V
reaches 90% of'its target value. Thus by comparison with the
circuit of FIG. 1, the pixel drive circuit 150 of FIG. 2 can be
programmed faster and holds its data longer than the circuit of
FIG. 1 and, as a corollary of this, for a given programming/
hold time target the total area devoted to storage capacitance
in the pixel drive circuit 150 of FIG. 2 may be reduced, in
embodiments by 30-40%.

[0043] The precise shapes of the curves shown in FIG. 3
depend upon details of the simulated circuit, parasitic capaci-
tances, leakage resistances and the like. Thus a determination
of the relative values of the gate capacitor 112 and input
capacitor 122 is best determined by experiment/simulation.
Reducing the value of input capacitor 122 towards zero will
tend to modify the behaviour of the circuit of FIG. 2 towards
that of FIG. 1. By contrast, increasing the value of the input
capacitor 122 away from an equal split of capacitance values
will tend to reduce the programming time by reducing the net
RC time constant for the storage capacitance. However with



US 2014/0132174 Al

too little gate capacitance 112 the gate voltage is pulled up
towards the source voltage and the drive transistor turns off.
Nonetheless the leakage through and parasitic capacitance of
the drive transistor 102 is relatively small compared with that
of the select transistors 110, 120, and one effect of reducing
the value of the gate capacitance 112 is to make the gate
voltage more vulnerable to step changes in voltage during the
programming process arising from charge injection via para-
sitic capacitance of the select transistors.

[0044] The rate of change of voltage on the gate capaci-
tance 112 is determined by the voltage on the input capaci-
tance 122. Thus making the input capacitance 122 larger and
the gate capacitance 112 smaller than a 50:50 ratio will in
theory tend to improve the programming/hold time of the
pixel circuit 150, but in practice the results of simulating the
circuit can be non-intuitive and thus a final determination of
the relative values of these components is preferably made by
simulating and testing an actual pixel circuit with which the
technique is to be employed. Thus in an actual circuit the
value of gate capacitor 112 may be less than, substantially
equal to, or greater than that of input capacitance 122. In
embodiments the gate storage capacitor 112 may be formed
by an extension of the date-source overlap of derive transistor
102, as illustrated by the structure inset in FIG. 2.

[0045] Referring now to FIGS. 4a and 45, these show
examples of pixel drive circuits incorporating storage in
which the techniques we describe may be employed. These
pixel driver circuits store the pixel data by, respectively,
directly programming a gate voltage on the drive transistor,
and by employing a current-copy technique in a current-
program circuit. Like elements to those previously described
are indicated by like reference numerals.

[0046] Thus in the voltage-programmed pixel circuit 400 of
FIG. 4a a gate connection 103 of driver transistor 102 is
coupled to a storage capacitor 104 and a select transistor 402
couples gate 103 to voltage-programming column data line
404 (similar to line 122 of FIG. 1), under control of row select
line 124. When switch 402 is on a voltage on column data line
404 can be stored on a capacitor 104, and the voltage at gate
node 103 controls the current through OLED 406 and hence
the brightness of the OLED.

[0047] FIG. 4b (which is taken from our earlier patent
application WQO03/038790) shows an example of a “current
copying” current-programmed pixel driver circuit 430. In this
circuit the current through an OLED 436 is programmed by
setting a drain-source current for OLED driver transistor 102
using a controllable current generator 442. Thus the bright-
ness of OLED 436 is determined by the current, I, on the
(column) data line 440 flowing into reference current genera-
tor 442, which is set for the pixel being addressed as desired.
In operation the circuit copies and memorises the driver tran-
sistor gate voltage required for this drain-source current.
[0048] A switching transistor 438 is connected between
drive transistor 102 and OLED 436 to inhibit OLED illumi-
nation during the programming phase. Select transistors 432
and 434 are coupled between column data line 440 and the
gate connection 103 of driver transistor 102, operated by row
select line 124. In the illustrated example circuit a corre-
sponding inverted row select line 1245 controls operation of
a drive switch transistor 438.

[0049] To copy and store the programming current the drive
switch transistor 438 is “opened” so that the programming
current flows through drive transistor 102, and select transis-
tors 432, 434 are switched on (the switches are “closed”) to
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set Vg on drive transistor 102 for the programmed current,
and to store this Vg value on capacitor 104.

[0050] FIGS. 4¢ and 44 are taken from the IDW *04 paper
and show a further example of a current programmed active
matrix pixel circuit 460 in which the techniques we describe
may be employed, and a corresponding timing diagram.
These figures are adapted from the paper “Solution for Large-
Area Full-Color OLED Television—ILight Emitting Polymer
and a-Si TFT Technologies” (Shirisaki et al, of Casio Com-
puter Co Ltd and Kyushu University, Invited paper AMD3/
OLEDS -1, 11* International Display Workshops, 8-10 Dec.
2004, IDW ’04 Conference Proceedings pp. 275-278, 2004).
The brightness of OLED 466 is determined by the current,
1547 on (column) data line 470 flowing into reference current
generator 472.

[0051] Again storage capacitor Cs 104 is connected
between the gate and the source of the driver transistor T1
104, but in this example circuit the source of drive transistor
104 provides an OLED drive connection to OLED 466. Thus
one plate of capacitor 104 is connected to gate 103 of drive
transistor 104 and a second plate of capacitor 104 is con-
nected to the OLED drive connection. A first select transistor
T1 462 selectively connects the gate 103 of drive transistor T3
to a power supply line (Power) 106 and a further select tran-
sistor T2 464 selectively connects the gate 103 of drive tran-
sistor T3 to data line 470. A reset transistor 464 is provided to
selectively ground data line 470.

[0052] In operation, in a first stage column data line 470 is
briefly grounded to discharge Cs 104 and the junction capaci-
tance of the OLED (Vselect, Vreset high; Power low). Then a
data current 1, is applied so that a corresponding current
flows through T3, and Cs stores the gate voltage required for
this current (Power is low so that no current flows through the
OLED, and T1 is on so T3 is diode connected). Finally the
select line is de-asserted and Power is taken high so that the
programmed current (as determined by the gate voltage
stored on Cs) flows through the OLED (1,7 zp))-

[0053] Referring now to FIGS. 5¢ and 54, these show pixel
drive circuits 500, 530 based upon those of FIGS. 4¢ and 45,
modified to implement the techniques we have described. In
each case, like elements are indicated by like reference
numerals.

[0054] Thus in FIG. 5a the pixel drive circuit 500 as a gate
capacitor 502 programmed via an additional select transistor
506 having an input coupled to input capacitor 504. Thus the
pixel driver circuit 500 of FIG. 5a has two select transistor-
storage capacitor stages coupled in series, comprising tran-
sistor 402 and capacitor 504, and transistor 506 and capacitor
504, respectively. The select transistors 402, 506 are each
coupled to the pixel drive circuit select line 124.

[0055] The pixel driver circuit 530 of FIG. 55 likewise has
a gate capacitor 532 connected via an additional select tran-
sistor 536 to an input capacitor 534. Thus, again, the circuit
530 of FIG. 55 comprises a pair of series-coupled select
transistor-storage capacitor stages, comprising transistor 532
and capacitor 534, and transistor 536 and capacitor 532,
respectively. The select transistors 432, 536 (and transistor
434) are coupled to the pixel driver circuit select line 124.
[0056] FIG. Sc shows a pixel driver circuit 560 which is a
modified version of the circuit 460 or FIG. 4¢, implementing
the cascaded capacitor techniques we describe. The arrange-
ment of FIG. 5¢ s a little different to those of FIGS. 5a and 56
but again the circuit comprises a gate capacitor 562, an input
capacitor 564, and an additional select transistor 566 series
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coupled between these two capacitors and having a control
input coupled to the select line 124. The common connection
of capacitors 562, 564 is connected to the OLED drive con-
nection rather than to a power supply line. Nonetheless, simi-
larly to the arrangements described above, the circuit of FIG.
Sc¢ comprises a pair of series coupled select transistor-storage
capacitor circuit sections or stages, in the example of FIG. 5¢,
comptrising transistor 462 and capacitor 564, and transistor
566 and capacitor 562 respectively. In the circuit of FIG. 5¢ a
further select transistor 464 programs the circuit by selec-
tively coupling the common capacitor connection of capaci-
tors of 562 and 564 to the column data line 470, select tran-
sistor 462 operating to diode-connect drive transistor 102
during programming.

[0057] FIG. 6 shows anactive matrix OLED display system
650 comprising an AMOLED display 600 on a glass panel
602, the display comprising an M row by N column array of
voltage or current programmed active matrix pixel circuits
150 according to an embodiment of the invention. For clarity,
only nine pixel circuits are shown, though the structure and
operating principle of display 600 can be readily ascertained.
Each active matrix pixel circuit 150 may comprise a circuit
similar to that described above with reference to FIGS. 2 and
5a-5¢ for example, though any suitable active matrix pixel
circuit could be implemented alternatively. Each active
matrix pixel is connected to a column (data) line 122, 404,
440, 470 driven by column driver 608, and a row (select) line
124 driven by row driver 612. Here, the column driver 608
includes column control circuitry 614 including a control-
lable current source 616 for each column.

[0058] In embodiments of the above described circuits the
gate capacitor generally has one plate formed in the gate
metal layer, but since this capacitor connects to a source/drain
connection of a select transistor, there will generally be a via
connection between the source/drain metal layer and the gate
metal layer for this capacitor. In a similar manner the input
capacitor will generally also have a via connection to the
source/drain metal layer of a select transistor, and thus
embodiments of the above described pixel driver circuits may
employ an extra via by comparison with a circuit having a
single gate capacitor. Nonetheless there is still an overall
benefit provided that the size of a via is less than the reduction
in storage capacitor area, and this is generally the case. In
principle the above described circuits could be extended to
three or more cascaded select transistor-storage capacitor
stages, but in practice there are likely to be diminishing
returns from such implementations.

[0059] Broadly speaking, we have described splitting the
pixel capacitance using a secondary select switch, to both
reduce the storage capacitor size and to reduce the program-
ming signal level settle time when programming. The general
principle of splitting the capacitance into two (or potentially
further) and the inclusion of an additional select device
between the two capacitances can, potentially, be applied to
any AMOLED pixel driver circuit, to both reduce settling
time and to reduce the size of storage capacitor used to main-
tain OLED current in the presence of switch transistor leak-
age.

[0060] No doubt many other effective alternatives will
occur to the skilled person. It will be understood that the
invention is not limited to the described embodiments and
encompasses modifications apparent to those skilled in the art
lying within the spirit and scope of the claims appended
hereto.

May 15,2014

1. An active matrix OLED pixel driver circuit, the circuit
comptrising:

a power supply connection to receive a power supply;

an OLED drive connection to drive an OLED;

an OLED drive transistor having an input, output and con-
trol connection, wherein said input connection is
coupledto said power supply connection and said output
connection is coupled to said OLED drive connection,

a gate capacitor having a first plate coupled to said control
connection of said OLED drive transistor and a second
plate coupled to a common capacitor connection;

a first select transistor having an input connection, an out-
put connection coupled to said first plate of said gate
capacitor, and a control connection coupled to a first
pixel select connection of said OLED pixel driver cir-
cuit;

an input capacitor having a first plate coupled to said input
connection of said first select transistor and a second
plate coupled to said common capacitor connection; and

a second select transistor having an input connection, an
output connection coupled to said first plate of said input
capacitor, and a control connection coupled to a second
pixel select connection of said OLED pixel driver cir-
cuit.

2. An active matrix OLED pixel driver circuit as claimed in
claim 1 wherein said first and second pixel select connections
comprise connections to a shared pixel select connection of
said OLED pixel driver circuit.

3. An active matrix OLED pixel driver circuit as claimed in
claim 1 wherein said input connection of said second select
transistor is coupled to a voltage or current programming
connection of said OLED pixel driver circuit.

4. An active matrix OLED pixel driver circuit as claimed in
claim 3 wherein said input connection of said second select
transistor is coupled to said voltage or current programming
connection of said OLED pixel driver circuit via a further
select transistor.

5. An active matrix OLED pixel driver circuit as claimed in
claim 1 wherein said common capacitor connection is
coupled to said power supply connection of said OLED pixel
driver circuit.

6. An active matrix OLED pixel driver circuit as claimed in
claim 1 further comprising a third select transistor having an
input connection coupled to a current programming connec-
tion of said OLED pixel driver circuit, an output connection
coupled to said common capacitor connection, and a control
connection coupled to a third pixel select connection of said
OLED pixel driver circuit, and wherein said input connection
of said second select transistor is coupled to said power sup-
ply connection of said OLED pixel driver circuit.

7. An active matrix OLED pixel driver circuit as claimed in
claim 6 wherein said common capacitor connection is
coupled to said OLED drive connection.

8. An active matrix OLED pixel driver circuit as claimed in
claim 6 wherein said first, second and third select connections
comprise connections to a shared pixel select connection of
said OLED pixel driver circuit.

9. An active matrix OLED pixel driver circuit as claimed in
claim 1 wherein said common capacitor connection is
coupled to a source connection of said OLED drive transistor.

10. An active matrix OLED pixel driver circuit as claimed
in claim 1 wherein said gate capacitor and said input capacitor
have substantially the same capacitance value.
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11. An active matrix OLED pixel driver circuit as claimed
in claim 1 wherein a capacitance of said input capacitor is
larger than a capacitance of said gate capacitor.

12. An active matrix OLED pixel driver circuit as claimed
in claim 1 wherein said gate capacitor is integrated with said
OLED drive transistor.

13. An active matrix OLED pixel driver circuit as claimed
in claim 1 further comprising:

a further select transistor coupled between said output con-
nection of said second select transistor and said input
connection of said first select transistor, and having a
control connection coupled to a further pixel select con-
nection of said OLED pixel driver circuit; and

a further capacitor coupled between said input connection
of said select transistor and said common capacitor con-
nection.

14. An active matrix OLED display comprising an array of
active matrix OLED pixel driver circuits each as recited in
claim 1.

15. A method of driving a pixel of an active matrix OLED
display, using a pixel driver circuit comprising:

a power supply connection to receive a power supply;

an OLED drive connection to drive an OLED; and

an OLED drive transistor having an input, output and con-
trol connection, wherein said input connection is
coupled to said power supply connection and said output
connection is coupled to said OLED drive connection;

the method comprising:

programming a control voltage on said control connection
of said OLED drive transistor via a chain of transistor-
capacitor circuit sections, each said circuit section com-
prising a select transistor having an output coupled to a
capacitor, a final said select transistor of said chain hav-
ing said output of said select transistor coupled to said
control connection of said OLED drive transistor, each
of said select transistors having a control connection
coupled to a pixel select line of said display and each
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capacitor of said chain having one plate coupled to a
common capacitor connection for said chain;
said programming comprising:
controlling each of said select transistors to switch on to
charge each of said capacitors responsive to a program-
ming signal applied to said chain of transistor-capacitor
circuit sections, to charge a final capacitor of said chain
to apply said control voltage to said OLED drive tran-
sistor; and
controlling all of said select transistors to switch off to
maintain said control voltage on said control connection
of said OLED drive transistor.
16. An active matrix OLED pixel driver circuit, the circuit
comprising:
a power supply connection to receive a power supply;
an OLED drive connection to drive an OLED;
an OLED drive transistor having an input, output and con-
trol connection, wherein said input connection is
coupled to said power supply connection and said output
connection is coupled to said OLED drive connection;
and
a programming circuit for programming a control voltage
on said control connection of said OLED drive transis-
tor, said programming circuit comprising a chain of
transistor-capacitor circuit sections, each said circuit
section comprising a select transistor having an output
coupled to a capacitor, a final said select transistor of
said chain having said output of said select transistor
coupled to said control connection of said OLED drive
transistor, each of said select transistors having a control
connection coupled to a pixel select line of said display
and each capacitor of said chain having one plate
coupled to a common capacitor connection for said
chain.
17. An active matrix OLED display comprising an array of
active matrix OLED pixel driver circuits each as recited in
claim 16.
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