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7) ABSTRACT

A device for controlling current useful for driving an organic
light emitting diode (OLED) is disclosed which comprises a
driver further comprising a switching circuit and a capacitor
operatively connected to the switching circuit. The capacitor
serves to maintain Vg for at least one component of the
switching circuit. During operation of an exemplary
embodiment, current to a pixel may be controlled by pro-
viding a sampling stage, during which the capacitor may be
charged and/or discharged; providing a data current output-
ting stage during which summed current from each switch-
ing circuit may be provided to the pixel; and providing a
pixel current reproducing stage during which each pixel is
allowed to emit light in the presence of current in the data
line. It is emphasized that this abstract is provided to comply
with the rules requiring an abstract which will allow a
searcher or other reader to quickly ascertain the subject
matter of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the
scope or meaning of the claims.
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ARCHITECTURE OF DATA DRIVER APPLIED AT
DISPLAY ELEMENTS WITH CURRENT-DRIVEN
PIXELS

FIELD OF INVENTION

[0001] The present invention relates to drivers suitable to
transform digital data into currents for controlling pixels in
a display.

BACKGROUND OF THE INVENTION

[0002] Flat panel monitors eliminate the electron beam
and vacuum tube found in conventional displays, replacing
them with a grid of pixels. Referring now to FIG. 1, in
typical prior art drivers for pixels in such flat panel monitors,
it is necessary to have latches and level shifters in every
stage driver. This consumes power.

[0003] In certain prior art arrangements, current copiers
and other circuits are used in the current signal circuitry
block of data drivers, e.g. for OLED devices. A problem with
these prior art devices, e.g. FIG. 1, is that latches and level
shifters are also required in many such circuits, ¢.g. current
copier circuits, current mirror circuits, and the like. Further,
typical digital-to-current circuitry of the prior art allows
power source and current copier stage data drivers to be
connected momentarily, resulting in resistive power con-
sumption. Transferring digital data signals from flexible
printed circuit (FPC) pins to every data driver throughout the
video lines may also result in dynamic power consumption.
Additionally, sampling and amplifying digital signals may
require latches and level shifters in each stage driver. At
times, small level digital signals may not be transferred to an
appropriate driver circuit.

[0004] Reduction in power consumption is especially
desirable for organic light emitting diode (OLED) devices.
Allowing digital signals to be input and optionally ampli-
fied, e.g. by level shifters, without a need for latches and
level shifters driving every stage reduces the power require-
ments and power consumption of these devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a schematic overview of an exemplary
prior art circuit for controlling current in a digital-to-current
converter;

[0006] FIG. 2 is a schematic overview of a first exemplary
circuit of the present invention for controlling current in a
digital-to-current converter;

[0007] FIG. 3 is a schematic overview of a second exem-
plary circuit of the present invention for controlling current
in a digital-to-current converter;

[0008] FIG. 4 is a schematic overview of an exemplary
circuit for controlling current in a digital-to-current con-
verter of the present invention;

[0009] FIG. 5 is a schematic overview of an exemplary
system for controlling current in an OLED of the present
invention;

[0010] FIGS. 6a and 6b are schematic illustrations of the
operation of a driver for digital data signals; and

[0011] FIG. 7 is a timing diagram of an exemplary
embodiment.
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DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0012] Several drivers 1 are illustrated in FIGS. 2 and 3.
Although many configurations may be possible, only two
embodiments will be described herein. In general, driver 1
(FIG. 2 and FIG. 3) may be used to store voltage V4 which
may exist between a gate and a source of a CMOS transistor,
e.g. first active device 20 (FIG. 2 or FIG. 3). This voltage
storing function may then be used transform current, e.g.
from power source 2 (FIG. 2 or FIG. 3), to a pre-determined
voltage, ¢.g. the stored V5 voltage. A current could be
reproduced using the stored Vg voltage.

[0013] Referring now to FIG. 2, control current such as
may be useful for driving an organic light emitting diode
(OLED). In an embodiment illustrated in FIG. 2, driver 1 is
a current copier device and comprises first active device 10
which further comprises an output, e.g. drain 16, and is
adapted to operatively connect to power source 2, ¢.8. Vpp;
second active device 20, operatively connected to first active
device 10 and to preceding device 4 third active device 30,
operatively connected to second active device 20, first active
device 10, and preceding device 4; fourth active device 40,
operatively connected to first active device 10 and preceding
device 4; and V4 storage device 60, operatively connected
to power source 2, second active device 20, and power
source 2. In a preferred embodiment, V44 storage device 60
comprises a capacitor. Third active device 30 may further be
operatively connected to controlling power source 3 (not
shown in FIG. 2) Further, preceding device 4, as illustrated
in FIG. 2, may be a shift register and controlling power
source 3 may be a control current sink.

[0014] First active device 10, second active device 20,
third active device 30, and fourth active device 40 may each
be a transistor. In a preferred embodiment, first active device
10 and fourth active device 40 are P-type transistors and
second active device 20 and third active device 30 are
N-type transistors.

[0015] First active device 10 may further comprise source
12 connected to power source 2, gate 14 connected to second
active device 20 and capacitor 60, and drain 16 operatively
connected to data line output 5, second active device 20, and
third active device 30.

[0016] Second active device 20 may further comprise
drain 22 connected to capacitor 60, gate 24 operatively
connected to preceding device 4, and source 26 connected to
third active device 30 and to source 16 of first active device
10.

[0017] Third active device 30 may further comprise drain
32 connected to source 26 of second active device 20 and
drain 16 of first active device 10, gate 34 connected to gate
24 of second active device 20 and preceding device 4, and
source 36 connected to control power source 3.

[0018] Fourth active device 40 may further comprise
source 42 connected to drain 16 of first active device 10, gate
44 connected to preceding device 4, and drain 46 connected
to data line output 5.

[0019] In an embodiment illustrated in FIG. 3, driver 1 is
a current mirror device and comprises first active device 10
which further comprises an output, e.g. drain 16, and is
adapted to operatively connect to power source 2, €.g. Vpp;
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second active device 20, operatively connected to first active
device 10 and to power source 2; third active device 30,
operatively connected to second active device 20 and pre-
ceding device 4; fourth active device 40, operatively con-
nected to first active device 10 and preceding device 4; fifth
active device 50, operatively connected to first active device
10, second active device 20, third active device 30, fourth
active device 40, and preceding device 4; and capacitor 60,
operatively connected to power source 2, first active device
10, second active device 20, third active device 20, fourth
active device 40, and fifth active device 20. Third device 30
may be operatively connected to controlling power source 3
(not shown in FIG. 3). Further, preceding device 4, as
illustrated in FIG. 3, may be a shift register and controlling
power source 3 may be a control current sink.

[0020] First active device 10, second active device 20,
third active device 30, fourth active device 40, and fifth
active device 50 may each be a transistor. In a preferred
embodiment, first active device 10, second active device 20,
and fourth active device 40 are P-type transistors and third
active device 30 and fifth active device 50 are N-type
transistors.

[0021] Referring now to FIG. 4, several drivers 1 are
illustrated in a circuit configuration. Preceding device 4, as
illustrated in FIG. 4, may be a shift register. As further
illustrated, each driver 1 or a group of drivers 1 may be
operatively connected to a single controlling power source 3
or to separate controlling power sources 3. Further, a group
of drivers 1 may be organized into rows and columns where
each driver 1 that is a member of a column has its switching
circuit connected to a common output of horizontal shift
register 4 and each driver 1 of a row is connected to a
common output of controlling power source 3. Thus, the first
row may be connected to controlling power source 3 which
provides input Do to control current T to inpour or stream
the current power source, the next row to controlling power
source 3 which provides input D, to control current 2 to
inpour or stream, and the N row to controlling power
source 3 which provides input Dy ;) to control current
2N to inpour or stream. As used herein, “switching
circuit” is understood to be a component of driver 1 and may
be either a current copier or current mirror configuration as
described above.

[0022] As further illustrated in FIG. 4, each driver 1 may
be cascaded with other drivers 1, e.g. drain 46 of fourth
active device 40 may be connected to data line output 5
along with drain 46 of other fourth active devices 40 of other
drivers 1.

[0023] Referring now to FIG. 5, system 100 for supplying
a data line signal useful for controlling an OLED pixel may
comprise a digital logic signal input device which may
comprise horizontal shift register 4, further comprising a
plurality of shift register outputs 4a, 4b, 4c; digital data
controlling power source/sink 3; and at least one driver 1 for
each of the plurality of shift register outputs 4a, 4b, 4c. As
noted above, controlling power source 3 may further com-
prise a plurality of controlling power sources 3a, 3b, 3c. In
a preferred embodiment, each driver 1 in system 100 is of an
identical configuration.

[0024] Additional circuitry may be present as well to
supply needed circuitry for the OLED device, e.g. vertical
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shift register 6, pixels 8, and scan lines 9. In a preferred
embodiment, current to pixel 8 may be controlled by device

1.

[0025] In the operation of an exemplary embodiment,
referring now to FIGS. 64 and 6b, current through driver 1
may be controlled at a sampling stage and at an outputting
stage. As will be familiar to those of ordinary skill in the
semiconductor arts, a transistor, e.g. active device 20, may
be used as a switch having an open state and a closed state.
Digital signals may therefore be input and then amplified by
level shifters and then enter controlling power source 3.
Digital signals may be of less power than analog signals and
will not transfer into every stage data driver through video
lines. Further, latches and level shifters are not needed for
driving every stage. As a result, power consumption may
decrease over the prior art.

[0026] FIG. 6a and FIG. 6b illustrate using a current
copier embodiment of driver 1. Pixels 8 may be controlled
by providing a sampling stage, a data current outputting
stage, and a pixel current reproducing stage.

[0027] In a data sampling stage, a digital logic signal
arising from a source of a digital logic signal may be
provided to control power source 3. If the digital logic signal
goes high, a current path will be provided to second active
device 20 and third active device 30 should they be enabled,
i.e. placed into their closed state. A control signal may be
provided from each output of horizontal shift register 4 to a
corresponding input of second active device 20 and third
active device 30, thus enabling second active device 20 and
third active device 30. Accordingly, controlling power
source 3 will control current through first active device 10,
allowing current to flow through the switching circuit driver
1 in the presence of a digital high signal from digital data
controlling current source/sink 3.

[0028] Concurrently, active device 40 is in its open state,
blocking the digital logic signal, e.g. a logical “0.” This
allows current from power source 3 to be maintained
through first active device 10 to source 36 of third active
device 30 while simultaneously being blocked from flowing
through fourth active device 40.

[0029] Capacitor 60, acting as a Vg storage device, will
be charged in the presence of a digital high signal from
digital data controlling current source/sink 3. Further,
capacitor 60 will be discharged in the presence of a digital
low signal from digital data controlling current source/sink
3. When capacitor 60 is discharged, voltage V44 supplied by
capacitor 60 will drop to a level below which the switching
circuit, e.g. active device 10, will be disabled and current
will no longer flow through the switching circuit, e.g. active
device 10.

[0030] As will be familiar to those in the art, one or more
level shifters may be located ahead of driver 1. Before
signals are input into controlling power source 3, data
signals may thus be amplified and then input to controlling
power source 3 to control output from controlling power
source 3.

[0031] During a data current outputting stage, current
from power source 2 may be permitted to flow through
fourth active device 40 while being blocked from flowing
through second active device 20 or third active device 30.
The configuration of device 1 allows the voltage between
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gate 14 and source 12, V4, to be stored in capacitor 60, e.g.
to be charged when the digital logic signal is high. If the
digital logic signal goes low, second active device 20 and
third active device 30 are placed into their open state and
fourth active device 40 placed into its closed state. The
stored voltage in capacitor 60 will then help maintain Vg,
which then controls first active device 10. Accordingly,
during an outputting stage, a digital logic signal may be
provided through fourth active device 40 and blocked from
controlling power source 3 by disabling second active
device 20 and third active device 30 and enabling fourth
active device 40.

[0032] As a plurality of drivers 1 may be connected and
provide current to a single data line, .g. data line output 5,
during the outputting stage current from each such driver 1
may be summed and provided to pixel 8 operatively con-
nected to the data line, e.g. data line output 5.

[0033] Referring now to FIG. 7, in an embodiment the
data sampling stage is provided for driver 1 when the data
signal from a (k+1)*® horizontal shift register 4 is in a logical
low state and the data signal from the previous sequential
horizontal shift register, e.g. k'™ horizontal shift register 4, is
in a logical high stage. The data current outputting stage may
be provided when the data signal from the k'™ horizontal shift
register 4 for that driver is in a logical low state and the data
signal from the next sequential shift register, ¢.g. from the
(k+1) horizontal shift register 4, is in a logical high stage.
As illustrated in FIG. 7, when second active device 20 and
third active device 30 are disabled by the (k+1)™ horizontal
shift register 4, fourth active device 40 may be enabled. If
pixel 8 has its scan line enabled, current will flow through
data current line 5. Additionally, capacitor 60 will be
charged, storing Vgg.

[0034] During a pixel current reproducing stage, a scan
line connected to each pixel may be provided with an
enabling signal or pathway. Each enabled pixel 8 may then
emit light in the presence of current in the data line, e.g.
when the scan line is in a low state. In a preferred embodi-
ment, each pixel emits light in proportion to the current in
the data line.

[0035] Tt will be understood that various changes in the
details, materials, and arrangements of the parts which have
been described and illustrated above in order to explain the
nature of this invention may be made by those skilled in the
art without departing from the principle and scope of the
invention as recited in the appended claims.

We claim:

1. A device for supplying a data line signal useful for
controlling current to an organic light emitting diode
(OLED) pixel, comprising;

a. a horizontal shift register, further comprising a plurality
of shift register outputs;

b. a digital data controlling power source/sink, further
comprising a plurality of controllable power sources,
and

c. at least one driver for each of the plurality of shift
register outputs of the horizontal shift register, each
driver further comprising:

g

o

—
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i. a V4q storage device; and

il. a switching circuit operatively connected to a unique
shift register output of the plurality of shift register
outputs of the horizontal shift register.

. The device of claim 1, wherein:

the digital data controlling power source/sink is an
N-bit digital data controlling power source/sink.

. The device of claim 1, wherein:

the switching circuit further comprises:
1. a transistor; and

il. a data line output; and

. the Vg storage device further comprises a capacitor

operatively connected to a gate and source of the
transistor and to a voltage source operatively connected
to the source of the transistor.

. The device of claim 3, further comprising:

a vertical shift register; and

. a plurality of pixels, each pixel operatively connected

to an output of the vertical shift register and to the data
line output of a unique driver.

. A method of controlling current to a pixel, comprising:

. connecting a unique data driver to each output of a

horizontal shift register, the data driver further com-
prising a Vg storage device and a switching circuit
operatively connected to the output of the horizontal
shift register;

. connecting each data driver to a digital data controlling

current source/sink;

providing a digital logic signal from each output of the
horizontal shift register to each corresponding data
driver;

. providing a digital control signal from the digital data

controlling current source/sink to each corresponding
data driver;

. allowing current to flow through each data driver to the

digital data controlling current source/sink upon the
presence of a high digital signal from the digital data
controlling current source/sink at that data driver;

. allowing current to be impeded through each data driver

to the digital data controlling current source/sink upon
the presence of a low digital signal from the digital data
controlling current source/sink at that data driver;

. maintaining a gate-to-source voltage Vg at a prede-

termined transistor component of each switching cir-
cuit upon the high digital signal from the digital data
controlling current source/sink at that data driver; and

. allowing the gate-to-source voltage Vg at the prede-

termined transistor component of each switching cir-
cuit to discharge upon the low digital signal from the
digital data controlling current source/sink at that data
driver.

. A method of controlling current to a pixel, comprising:

providing a sampling stage, further comprising con-
trolling current in a Vg storage device portion of a
driver based on the presence of a digital signal of an
output of a digital data controlling current source/sink



US 2004/0251840 Al

device operatively connected to the driver, the driver
further comprising an input and an output operatively
connected to a data line;

b. providing a data current outputting stage, further com-
prising providing current from the driver to a pixel
operatively connected to the data line; and

c. providing a pixel current reproducing stage, further
comprising operatively connecting a scan line to the
pixel and allowing the pixel to emit light in the pres-
ence of current in the data line when the scan line is in
at least one of (i) a high state or (ii) a low state.

7. The method of claim 6, the driver further comprising a
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current source/sink to a level below which the switch-
ing circuit will be disabled.
8. The method of claim 7, further comprising:

a. providing the data sampling stage when the data signal
from the shift register for the driver is in a logical low
state and the data signal from an output of a previous
sequential shift register is in a logical high state; and

b. providing the data current outputting stage for the
driver when the data signal from the shift register for
the driver is in a logical low state and the data signal
from an output of the next sequential shift register is in
a logical high state.

switching circuit, the switching circuit further comprising an
input and an output, wherein providing the sampling stage
further comprises:

9. The method of claim 6, wherein providing the data
current outputting stage further comprises:

a. operatively connecting the digital data controlling
current source/sink to the switching circuit,

b. providing a control signal from an output of a shift
register, the shift register comprising at least one out-
put, to a corresponding input of the switching circuit;

c. allowing current to flow through the switching circuit
in the presence of a digital high signal of the digital data
controlling current source/sink;

d. charging the V44 storage device in the presence of the
digital high signal of the digital data controlling current
source/sink; and

¢. discharging the V4 storage device in the presence of
a digital low signal of the digital data controlling

a. connecting a plurality of switching circuits to the data
line;

b. summing current from each of the plurality of switch-
ing circuits operatively connected to the data line; and

c. providing the summed current to a pixel operatively
connected to the data line.

10. The method of claim 6, wherein:

a. each pixel emits light in proportion to the current in the
data line.

11. The method of claim 6, wherein:

a. the pixel is an organic light emitting diode pixel.
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