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EFFICIENT PROGRAMMING AND FAST CALIBRATION SCHEMES FOR
LIGHT-EMITTING DISPLAYS AND STABLE CURRENT SOURCE/SINKS FOR
THE SAME
COPYRIGHT

[0001] A portion of the disclosure of this patent document contains material which is -
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent disclosure, as it appears in the Patent and Trademark

Office patent files or records, but otherwise reserves all copyright rights whatsoever.

FIELD OF THE PRESENT DISCLOSURE
[0002] The present disclosure generally relates to circuits and methods of driving,

calibrating, or programming a display, particularly light emitting displays.

BACKGROUND

[0003] The disclosed technique improves display resolution by reducing the number
of transistors in each pixel. The switch transistor is shared between several pixel circuits in
several adjacent sub-pixels. A need exists for an improved display resolution and
manufacturing yield while at the same time enabling normal sequential scan programming of
the display.

[0004] Most backplane technologies offer only one type of thin-film transistor (TFT),
either p-type or n-type. Thus, the device-type limitation needs to be overcome to enable
integration of more useful circuitry onto the display substrate, which can result in better
performance and lower cost. The main circuit blocks for driving amorphous organic light-
emitting device (AMOLED) circuits include current sources (or sinks) and voltage-to-current
converters. '

[0005] For example, p-type devices have been used in conventional current mirror and
current sources because the source terminal of at least one TFT is fixed (e.g., connected to
VDD). The current output passes through the drain of the TFT, and so any change in the
output line will affect the drain voltage only. As a result, the output current will remain
constant despite a change in the line voltage, which undesirably leads to high output
resistahce current sources. On the other hand, if a p-type TFT is used for a current sink, the
source of the TFT will be connected to the output line. Thus, any change in the output
voltage due to a variation in the output load will affect the gate-source voltage directly.

Consequently, the output current will not be constant for different loads. To overcome this
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problem, a circuit design technique is needed to control the effect of source voltage
variability on the output current.
[0006] A need also exists for improving the spatial and/or temporal uniformity of a

display, such as an OLED display.

BRIEF SUMMARY

[0007] EMBODIMENT 1A. A circuit for a display panel having an active area
having a plurality of light emitting devices arranged on a substrate, and a peripheral area of
the display panel sepAarate from the active area, the circuit comprising: a shared switch
transistor connected between a voltage data line and a shared line that is connected to a
reference voltage through a reference voltage transistor; a first pixel including a first light
emitting device configured to be current driven by a first drive circuit connected to the shared
line through a first storage device; a second pixel including a second light emitting device
configured to be current driven by a second drive circuit connected to the shared line through
a second storage device; and a reference current line configured to apply a bias current to the
first and second drive circuits.

[0008] EMBODIMENT 2A. The circuit of EMBODIMENT 1A, a display driver
circuit in the peripheral area and coupled to the first and second drive circuits via respective
first and second select lines, to the switch transistor, to the reference voltage transistor, to the
voltage data line, and to the reference current line, the display driver circuit being configured
to switch the reference voltage transistor from a first state to a second state via a reference
voltage control line such that the reference voltage transistor is disconnected from the
reference voltage and to switch the shared switch transistor from the second state to the first
state via a group select line during a programming cycle of a frame to allow voltage
programming of the first pixel and the second pixel, and wherein the bias current is applied
during the programming cycle.

[0009] EMBODIMENT 3A. The circuit of EMBODIMENT 2A, wherein the display
driver circuit is further configured to toggle the first select line during the programming cycle
to program the first pixel with a first programming voltage specified by the voltage data line
and stored in the first storage capacitor during the programming cycle and to toggle the
second select line during the programming cycle to program the second pixel with a second
programming voltage specified by the voltage data line and stored in the second storage

capacitor during the programming cycle.
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[0010) EMBODIMENT 4A. The circuit of EMBODIMENT 3A. wherein the display
driver circuit is further configured to, following the programming cycle, switch the reference
voltage transistor from the second state to the first state via a reference voltage control line
and to switch the shared switch transistor via a group select line from the first state to the
second state, the display driver circuit including a supply voltage control circuit configured to
adjust the supply voltage to turn on the first and second light emitting devices during a
driving cycle of the frame that follows the programming cycle, thereby causing the first and
second light emitting devices to emit light at a luminance based on the first and second
programming voltages, respectively.

[0011] EMBODIMENT 5A. The circuit of EMBODIMENT 2A, wherein the display
driver circuit is further coupled to a supply voltage to the first pixel and the second pixel, the
display driver circuit being configured to adjust the supply voltage to ensure that the first
light emitting device and the second light emitting device remain in a non-emitting state
during the programming cycle.

[0012) EMBODIMENT 6A. The circuit of EMBODIMENT 1A, wherein the display
driver circuit includes a gate driver coupled to the first and second drive circuits via
respective first and second select lines in a peripheral area of the display panel.

[0013] EMBODIMENT 7A. The circuit of EMBODIMENT 1A, wherein the first
drive circuit includes a first drive transistor connected to a supply voltage and to the first light
emitting device, a gate of the first drive transistor being connected to the first storage device,
and a pair of switch transistors each coupled to the first select line for transferring the bias
current from the reference current line to the first storage device during a programming cycle,
wherein the first storage device is a capacitor.

[0014] EMBODIMENT 8A. The circuit of EMBODIMENT 7A. wherein one of the
pair of switch transistors is connected between the reference current line and the first light
emitting device and the other of the pair of switch transistors is connected between the first
light emitting device and the first storage capacitor.

[0015] EMBODIMENT 9A. The circuit of EMBODIMENT 8A, wherein the pair of
switch transistors and the drive transistor are p-type MOS transistors.

[0016] EMBODIMENT 10A.The circuit of EMBODIMENT 7A. wherein the second
drive circuit includes a second drive transistor connected to the supply voltage and to the
second light emitting device, a gate of the second drive transistor being connected to the

second storage device, and a pair of switch transistors each coupled to the second select line
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for transferring the bias current from the reference current line to the second storage device
during a programming cycle, wherein the second storage device is a capacitor.

[0017] EMBODIMENT 11A.The circuit of EMBODIMENT 10A, wherein one of the
pair of switch transistors is connected between the reference current line and the second light
emitting device and the other of the pair of switch transistors is connected between the
second light emitting device and the second storage device.

[0018] EMBODIMENT 12A.The circuit of EMBODIMENT 11A, wherein the pair of
switch transistors and the drive transistor are p-type MOS transistors.

[0019] EMBODIMENT 13A.The circuit of EMBODIMENT 12A, wherein a source
of the first drive transistor is connected to the supply voltage, a drain of the first drive
transistor is connected to the first light emitting device, a source of one of the pair of switch
transistors is connected to a drain of the other of the pair of switch transistors, a drain of the
one of the pair of switch transistors is connected to the reference current line, a source of the
other of the pair of switch transistors is connected to the first storage capacitor, a drain of the
shared transistor is connected to the first storage capacitor and to the second capacitor, a
source of the shared switch transistor is connected to the voltage data line, a source of the
reference voltage transistor is connected to the reference voltage, and the first light emitting
device is connected between a drain of the gating transistor and a ground potential.

[0020) EMBODIMENT 14A. The circuit of EMBODIMENT 1A, wherein the
peripheral area and the pixel area are on the same substrate.

[0021] EMBODIMENT 15A.The circuit of EMBODIMENT 1A, wherein the first
drive circuit includes a first drive transistor connected to a supply voltage and a gating
transistor connected to the first light emitting device, a gate of the first drive transistor being
connected to the first storage device, and a pair of switch transistors each coupled to the
select line for transferring the bias current from the reference current line to the first storage
device during a programming cycle, wherein the gating transistor is connected to a reference
voltage control line that is also connected to the reference voltage transistor.

[0022] EMBODIMENT 16A.The circuit of EMBODIMENT 15A, wherein the
reference voltage control line switches both the reference voltage transistor and the gating
transistor between a first state to a second state simultaneously, and wherein the reference
voltage control line is configured by the display driver circuit to disconnect the reference
voltage transistor from the reference voltage and the first light emitting device from the first

drive transistor during the programming cycle.
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[0023] EMBODIMENT 17A.The circuit of EMBODIMENT 16A. wherein a source
of the first drive transistor is connected to the supply voltage, a drain of the first drive
transistor is connected to the first light emitting device, a source of one of the pair of switch
transistors is connected to a drain of the other of the pair of switch transistors and to a source
of the gating transistor, a drain of the one of the pair of switch transistors is connected to the
reference current line, a source of the other of the pair of switch transistors is connected to the
first storage capacitor, a drain of the shared transistor is connected to the first storage
capacitor and to the second transistor, a source of the shared switch transistor is connected to
the voltage data line, a source of the reference voltage transistor is connected to the reference
voltage, and the first light emitting device is connected between the drain of the first drive
transistor and a ground potential.

[0024] EMBODIMENT 18A.The circuit of EMBODIMENT 1A, wherein the circuit
is a current-biased, voltage-programmed circuit.

[0025] EMBODIMENT 19A.A method of programming a group of pixels in an active
matrix area of a light-emitting display panel, the method comprising: during a programming
cycle, activating a group select line to cause a shared switch transistor to turn on; while the
group select line is activated, activating a first select line for a first row of pixels in the active
matrix area and providing a first programming voltage on a voltage data line to program a
pixel in the first row by storing the programming voltage in a first storage device; while the
group select line is activated, activating a second select line for a second row of pixels in the
active matrix area and providing a second programming voltage on the voltage data line to
program a pixel in the second row by storing the programming voltage in a second storage
device; and while programming the first row and the second row of pixels, applying a bias
current to a reference current line connected to a first pixel drive circuit in the first row and to
a second pixel drive circuit in the second row.

[0026] EMBODIMENT 20A.The method of EMBODIMENT 19A, further
comprising, during the programming cycle, decreasing the supply voltage to a potential
sufficient to cause a first light emitting device in the pixel of the first row and a second light
emitting device in the pixel of the second row to remain in a non-luminescent state during the
programming cycle.

[0027] EMBODIMENT 21A.The method of EMBODIMENT 20A, further
comprising, responsive to the completion of the programming cycle, deactivating the group

select line to allow the first storage device to discharge through a first drive transistor of the
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pixel of the first row and the second storage device to discharge through a second drive
transistor of the pixel of the second row.

[0028] EMBODIMENT 22A. The method of EMBODIMENT 20A, further
comprising restoring the supply voltage to cause the first light emitting device and the second
emitting device to emit light a luminance indicative of the first and second programming
voltages, respectively.

[0029] EMBODIMENT 23A.The method of EMBODIMENT 19A, further
comprising, during the programming cycle, deactivating a group emission line to turn off a
reference voltage transistor connected to a reference voltage during the programming cycle.

[0030) EMBODIMENT 24A.The method of EMBODIMENT 23A, wherein the
deactivating the group emission line turns off a first gating transistor in the pixel of the first
row and a second gating transistor of the pixel in the second row during the programming
cycle, the first gating transistor being connected to a first light emitting device in the pixel of
the first row and the second gating transistor being connected to a second light emitting
device in the pixel of the second row, and wherein a gate of the first gating transistor and a
gate of the second gating transistor are connected to the group emission line.

[0031] EMBODIMENT 25A.The method of EMBODIMENT 24A, further
comprising, responsive to the completion of the programming cycle, deactivating the group
select line to allow the first storage device to discharge through a first drive transistor of the
pixel of the first row and the second storage device to discharge through a second drive
transistor of the pixel of the second row thereby causing the first light emitting device and the
second emitting device to emit light a luminance indicative of the first and éecond
programming voltages, respectively.

[0032] EMBODIMENT 1B. A high output impedance current source or sink circuit
for a light-emitting display, the circuit comprising: an input that receives a fixed reference
current and provides the reference current to a node in the current source or sink circuit
during a calibration operation of the current source or sink circuit; a first transistor and a
second transistor series-connected to the node such that the reference current adjusts the
voltage at the node to allow the reference current to pass through the series-connected
transistors during the calibration operation; one or more storage devices connected to the
node; and an output transistor connected to the node to source or sink an output current from
current stored in the one of more storage devices to a drive an active matrix display with a

bias current corresponding to the output current.
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[0033] EMBODIMENT 2B. The circuit of EMBODIMENT 1B, further comprising
an output control line connected to a gate of the output transistor for controlling whether the
output current is available to drive the active matrix display.

[0034] EMBODIMENT 3B. The circuit of EMBODIMENT 1B, wherein the one or
more storage devices includes a first storage device connected between the node and the first
transistor and a second storage device connected between the node and the second transistor.

[0035] EMBODIMENT 4B. The circuit of EMBODIMENT 1B, wherein the one or
more storage devices includes a first storage device connected between the node and the first
transistor and a second storage device connected between the first transistor and a gate of the
second transistor.

[0036)] EMBODIMENT 5B. The circuit of EMBODIMENT 1B, further comprising:
a first voltage switching transistor controlled by a calibration access control line and
connected to the first transistor; a second voltage switching transistor controlled by the
calibration access control line and connected to the second transistor; and an input transistor
controlled by the calibration access control line and connected between the node and the
input.

[0037] EMBODIMENT 6B. The circuit of EMBODIMENT 5B, wherein the
calibration access control line is activated to initiate the calibration operation of the circuit
followed by activating the access control line to initiate the programming of a column of
pixels of the active matrix display using the bias current.

[0038] EMBODIMENT 7B. The circuit of EMBODIMENT 1B, wherein the one or
more storage devices includes a first capacitor and a second capacitor, the circuit further
comprising: an input transistor connected between the input and the node; a first voltage
switching transistor connected to the first transistor, the second transistor, and the second
capacitor; a second voltage switching transistor connected to the node, the first transistor, and
the first transistor; and a gate control signal line connected to the gates of the input transistor,
the first voltage switching transistor, and the second voltage switching transistor.

[0039] EMBODIMENT 8B. The circuit of EMBODIMENT 1B, further comprising a
reference current source external to the active matrix display and supplying the reference
current.

[0040] EMBODIMENT 9B. The circuit of EMBODIMENT 1B, further comprising:
an input transistor connected between the input and the node; a gate control signal line

connected to the gate of the input transistor; and a voltage switching transistor having a gate
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connected to the gate control signal line and connected to the second transistor and the one or
more storage devices.

[0041] EMBODIMENT 10B.The circuit of EMBODIMENT 1B, wherein the first
transistor, the second transistor, and the output transistor are p-type field effect transistors
having respective gates, sources, and drains, wherein the one or more storage devices
includes a first capacitor and a second capacitor, wherein the drain of the first transistor is
connected to the source of the second transistor, and the gate of the first transistor is
connected to the first capacitor, and wherein the drain of the output transistor is connected to
the node, and the source of the output transistor sinks the output current.

[0042] EMBODIMENT 11B.The circuit of EMBODIMENT 10B, further
comprising: a first voltage switching transistor having a gate connected to a calibration
control line, a drain connected to a first voltage supply, and a source connected to the first
capacitor; a second voltage switching transistor having a gate connected to the calibration
control line, a drain connected to a second voltage supply, and a source connected to the
second capacitor; and an input transistor having a gate connected to the calibration control
line, a drain connected to the node, and a source connected to the input, wherein the gate of
the output transistor is connected to an access control line, and the first voltage switching
transistor, the second voltage switching transistor, and the input transistor being p-type field
effect transistors.

[0043) EMBODIMENT 12B.The circuit of EMBODIMENT 11B, wherein the second
capacitor is connected between the gate of the second transistor and the node.

[0044) EMBODIMENT 13B.The circuit of EMBODIMENT 11B, wherein the second
capacitor is connected between the gate of the second transistor and the source of the second
transistor.

[0045] EMBODIMENT 14B.The circuit of EMBODIMENT 1B, wherein the first
transistor, the second transistor, and the output transistor are n-type field effect transistors
having respective gates, sources, and drains, wherein the one or more storage devices
includes a first capacitor and a second capacitor, wherein the source of the first transistor is
connected to the drain of the second transistor, and the gate of the first transistor is connected
to the first capacitor, and wherein the source of the output transistor is connected to the node,
and the drain of the output transistor sinks the output current.

[0046] EMBODIMENT 15B.The circuit of EMBODIMENT 14B, further
comprising: a first voltage switching transistor having a gate connected to a gate control

signal line, a drain connected to the node, and a source connected to the first capacitor and to
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the first transistor; a second voltage switching transistor having a gate connected to the gate
control signal line, a drain connected to the source of the first transistor, and é source
connected to the gate of the second transistor and to the second capacitor; and an input
transistor having a gate connected to the gate control signal line, a source connected to the
node, and a drain connected to the input, wherein the gate of the output transistor is
connected to an access control line, and the first voltage switching transistor, the second
voltage switching transistor, and the input transistor are n-type field effect transistors.

[0047] EMBODIMENT 16B.The circuit of EMBODIMENT 1B, wherein the first
transistor, the second transistor, and the output transistor are p-type field effect transistors
having respective gates, sources, and drains, wherein the one or more storage devices
includes a first capacitor, wherein the drain of the first transistor is connected to the source of
the second transistor, and the gate of the first transistor is connected to the first capacitor, and
wherein the drain of the output transistor is connected to the node, and the source of the
output transistor sinks the output current.

[0048] EMBODIMENT 17B.The circuit of EMBODIMENT 16B, further
comprising: an input transistor connected between the node and the input, wherein a drain of
the input transistor is connected to a reference current source and a source of the input
transistor is connected to the node, a gate of the input transistor being connected to a gate
control signal line; a voltage switching transistor having a gate connected to the gate control
signal line, a source connected to the gate of the second transistor, and a drain connected to a
ground potential; wherein the gate of the output transistor is connected to an access control
line, and wherein the first capacitor is connected between the gate of the first transistor and
the source of the first transistor.

[0049] EMBODIMENT 18B.A method of sourcing or sinking current to provide a
bias current for programming pixels of a light-emitting display, comprising: initiating a
calibration operation of a current source or sink circuit by activating a calibration control line
to cause a reference current to be supplied to the current source or sink circuit; during the
calibration operation, storing the current supplied by the reference current in one or more
storage devices in the current source or sink circuit; deactivating the calibration control line
while activating an access control line to cause sinking or sourcing of an output current
corresponding to the current stored in the one or more storage devices; and applying the
output current to a column of pixels in an active matrix area of the light-emitting display.

[0050) EMBODIMENT 19B.The method of EMBODIMENT 18B, further

comprising applying a first bias voltage and a second bias voltage to the current source or
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sink circuit, the first bias voltage differing from the second bias voltage to allow the reference
current to be copied into the one or more storage devices.

[0051] EMBODIMENT 20B.A voltage-to-current converter circuit providing a
current source or sink for a light-emitting display, the circuit comprising: a current sink or
source circuit including a controllable bias voltage transistor having a first terminal connected
to a controllable bias voltage and a second terminal connected to a first node in the current
sink or source circuit; a gate of the controllable bias voltage transistor connected to a second
node; a control transistor connected between the first node, the second node, and a third node;
a fixed bias voltage connected through a bias voltage transistor to the second node; and an
output transistor connected to the third node and sinking an output current as a bias current to
drive a column of pixels of an active matrix area of the light-emitting display.

[0052] EMBODIMENT 21B.The  voltage-to-current  converter  circuit  of
EMBODIMENT 20B, wherein the current sink or source circuit further includes a first
transistor series-connected to a second transistor, the first transistor connected to the first
node such that current passing through the controllable bias voltage transistor, the first
transistor, and the second transistor is adjusted to allow the second node to build up to the
fixed bias voltage, and wherein the output current is correlated to the controllable bias
voltage and the fixed bias voltage.

[0053] EMBODIMENT 22B.The  voltage-to-current  converter  circuit  of
EMBODIMENT 20B, wherein a source of the controllable bias voltage transistor is
connected to the controllable bias voltage, a gate of the controllable bias voltage transistor is
connected to the second node, and a drain of the controllable bias voltage transistor is
connected to the first node, wherein a source of the control transistor is connected to the
second node, a gate of the control transistor is connected to the first node, and a drain of the
control transistor is connected to the third node, wherein a source of the bias voltage
transistor is connected to the fixed bias voltage, a drain of the supply voltage transistor is
connected to the second node, and a gate of the bias voltage transistor is connected to a
calibration control line controlled by a controller of the light-emitting display, and wherein a
source of the output transistor is connected to a current bias line carrying the bias current, a
drain of the output transistor is connected to the third node, and a gate of the output transistor
is coupled to the calibration control line such that when the calibration control line is active
low, the gate of the output transistor is active high.

[0054) EMBODIMENT 23B. A method of calibrating a current source or sink circuit

for a light-emitting display using a voltage-to-current converter to calibrate an output current,
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the method comprising: activating a calibration control line to initiate a calibration operation
of the current source or sink circuit; responsive to initiating the calibration operation,
adjusting a controllable bias voltage supplied to the current source or sink circuit to a first
bias voltage to cause current to flow through the current source or sink circuit to allow a fixed
bias voltage to be present at a node in the voltage-to-current converter; deactivating the
calibration control line to initiate a programming operation of pixels in an active matrix area
of the light-emitting display; and responsive to initiating the programming operation,
sourcing or sinking the output current correlated to the controllable bias voltage and the fixed
bias voltage to a bias current line that supplies the output current to a column of pixels in the
active matrix area.

[0055] EMBODIMENT 24B.The method of EMBODIMENT 23B, further
comprising during the calibration operation, storing the current flowing through the current
source or sink circuit as determined by the fixed bias voltage in one or more capacitors of the
current source or sink circuit until the calibration control line is deactivated.

[0056] EMBODIMENT 25B.The method of EMBODIMENT 23B, further
comprising, responsive to deactivating the calibration control line, lowering the controllable
bias voltage to a second bias voltage that is lower than the first bias voltage.

[0057] EMBODIMENT 26B.A method of calibrating current source or sink circuits
that supply a bias current to columns of pixels in an active matrix area of a light-emitting
display, the method comprising: during a calibration operation of the current source or sink
circuits in the light-emitting display, activating a first gate control signal line to a first current
source or sink circuit for a first column of pixels in the active matrix area to calibrate the first
current source or sink circuit with a bias current that is stored in one or more storage devices
of the first current source or sink circuit during the calibration operation; responsive to
calibrating the first current source or sink circuit, deactivating the first gate control signal
line; during the calibration operation, activating a second gate control signal line to a second
current source or sink circuit for a second column of pixels in the active matrix area to
calibrate the second current source or sink circuit with a bias current that is stored in one or
more storage devices of the second current source or sink circuit during the calibration
operation; responsive to calibrating the second current source or sink circuit, deactivating the
second gate control signal line; and responsive to all of the current source or sink circuits
being calibrated during the calibration operation, initiating a programming operation of the

pixels of the active matrix area and activating an access control line to cause the bias current
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stored in the corresponding one or more storage devices in each of the current source or sink
circuits to be applied to each of the columns of pixels in the active matrix area.

[0058] EMBODIMENT 27B. The method of EMBODIMENT 26B, wherein
the current source or sink circuits include p-type transistors and the gate control signal lines
and the access control line are active low or wherein the current source or sink circuits
include n-type transistors and the gate control signal lines and the access control line are
active high.

[0059] EMBODIMENT 28B. A‘direct current (DC) voltage-programmed current sink
circuit, comprising: a bias voltage input receiving a bias voltage; an input transistor
connected to the bias voltage input; a first current mirror, a second current mirror, and a third
current mirror each including a corresponding pair of gate-connected transistors, the current
mirrors being arranged such that an initial current created by a gate-source bias of the input
transistor and copied by the first current mirror is reflected in the second current mirror,
current copied by the second current mirror is reflected in the third current mirror, and current
copied by the third current mirror is applied to the first current mirror to create a static current
flow in the current sink circuit; and an output transistor connected to a node between the first
current mirror and the second current mirror and biased by the static current flow to provide
an output current on an output line.

[0060] EMBODIMENT 29B.The circuit of EMBODIMENT 28B, wherein the gate-
source bias of the input transistor is created by the bias voltage input and a ground potential.

[0061] EMBODIMENT 30B.The circuit of EMBODIMENT 28B, wherein the first
current mirror and the third current mirror are connected to a supply voltage.

[0062] EMBODIMENT 31B.The circuit of EMBODIMENT 28B, further comprising
a feedback transistor connected to the third current mirror.

[0063] EMBODIMENT 32B.The circuit of EMBODIMENT 31B, wherein a gate of
the feedback transistor is connected to a terminal of the input transistor.

[0064] EMBODIMENT 33B.The circuit of EMBODIMENT 31B, wherein a gate of
the feedback transistor is connected to the bias voltage input.

[0065] EMBODIMENT 34B.The circuit of EMBODIMENT 31B, wherein the
feedback transistor is n-type.

[0066] EMBODIMENT 35B.The circuit of EMBODIMENT 28B, wherein the first
current mirror includes a pair of p-type transistors, the second mirror includes a pair of n-type
transistors, and the third mirror includes a pair of p-type transistors, and wherein the input

transistor and the output transistor are n-type.
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[0067] EMBODIMENT 36B.The circuit of EMBODIMENT 35B, further comprising
an n-type feedback transistor connected between the third current mirror and the first current
mirror, and wherein: a first p-type transistor of the first current mirror is gate-connected to a
fourth p-type transistor of the first current mirror; a third n-type transistor of the second
current mirror is gate-connected to a fourth n-type transistor of the second current mirror; a
second p-type transistor of the third current mirror is gate-connected to a third p-type
transistor of the third current mirror; respective sources of the first, second, third, and fourth
p-type transistors are connected to a supply voltage and respective sources of the first,
second, third, and fourth n-type transistors and the output transistor are connected to a ground
potential; the fourth p-type transistor is drain-connected to the fourth n-type transistor; the
third p-type transistor is drain-connected to the third n-type transistor; the second p-type
transistor is drain-connected to the second n-type transistor; the first p-type transistor is drain-
connected to the first n-type transistor; the drain of the third n-type transistor is connected
between the gates of the second and third p-type transistors; the drain of the fourth n-type
transistor is connected between the gates of the third and fourth n-type transistors and to the
node; and a gate of the output transistor is connected to the node.

[0068] EMBODIMENT 37B.The circuit of EMBODIMENT 36B, wherein the gate of
the second n-type transistor is connected to the gate of the first p-type transistor.

[0069] EMBODIMENT 38B.The circuit of EMBODIMENT 36B, wherein the gate of
the second n-type transistor is connected to the bias voltage input.

[0070] EMBODIMENT 39B.The circuit of EMBODIMENT 28B, wherein the circuit
lacks any external clocking or current reference signals.

[0071] EMBODIMENT 40B.The circuit of EMBODIMENT 28B, wherein the only
voltage sources are provided by the bias voltage input, a supply voltage, and a ground
potential and no external control lines are connected to the circuit.

[0072] EMBODIMENT 41B.The circuit of EMBODIMENT 28B, wherein the circuit
lacks a capacitor.

[0073] EMBODIMENT 42B.The circuit of EMBODIMENT 28B, wherein the
number of transistors in the circuit is exactly nine.

[0074] EMBODIMENT 43B.An alternating current (AC) voltage-programmed
current sink circuit, comprising: four switching transistors each receiving a clocking signal
that is activated in an ordered sequence, one after the other; a first capacitor charged during a
calibration operation by the activation of the first clocked signal and discharged by the

activation of the second clocked signal following the activation and deactivation of the first
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clocked signal, the first capacitor being connected to the first and second switching
transistors; a second capacitor charged during the calibration operation by the activation of
the third clocked signal and discharged by the activation of the fourth clocked signal
following the activation and deactivation of the third clocked signal, the second capacitor
being connected to the third and fourth switching transistors; and an output transistor
connected to the fourth switching transistor to sink, during a programming operation
subsequent to the calibration operation, an output current derived from current stored in the
first capacitor during the calibration operation.

[0075] EMBODIMENT 44B.The circuit of EMBODIMENT 43B, wherein the four
switching transistors are n-type.

[0076] EMBODIMENT 45B.The circuit of EMBODIMENT 43B, further
comprising: a first conducting transistor connected to the second switching transistor to
provide a conduction path for the first capacitor to discharge through the second switching
transistor, wherein a voltage across the first capacitor following the charging of the first
capacitor is a function of a threshold voltage and mobility of the first conducting transistor;
and a second conducting transistor connected to the fourth switching transistor to provide a
conduction path for the second capacitor to discharge through the fourth switching transistor.

[0077] EMBODIMENT 46B.The circuit of EMBODIMENT 45B, wherein the four
switching transistors, the output transistor, the first conducting transistor, and the second
conducting transistor are n-type; a gate of the first switching transistor receives the first
clocked signal, a drain of the first switching transistor is connected to a first bias voltage; a
source of the first switching transistor is connected to a gate of the first conducting transistor,
to the first capacitor, and to a source of the second switching transistor; a gate of the second
switching transistor receives the second clocked signal, a drain of the second switching
transistor is connected to a source of the second conducting transistor and a drain of the first
conducting transistor; a gate of the second conducting transistor is connected to the first
capacitor; a gate of the second conducting transistor is connected to drain of the third
switching transistor, the second capacitor, and a source of the fourth switching transistor; a
gate of the third switching transistor receives the third clocked signal, a source of the third
switching transistor is connected to a second bias voltage; a gate of the fourth switching
transistor receives the fourth clocked signal, a drain of the fourth switching transistor is
connected to a source of the output transistor; a gate of the output transistor is connected to
an access control line to initiate a programming cycle of the light-emitting display; a drain of

the output transistor sinks the output current to a column of pixels of an active matrix area of
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the light-emitting display; and the first capacitor, a source of the first conducting transistor,
and the second capacitor is connected to a ground potential.

[0078] EMBODIMENT 47B.The circuit of EMBODIMENT 43B, wherein the
number of transistors in the circuit is exactly seven.

[0079] EMBODIMENT 48B.The circuit of EMBODIMENT 43B, wherein the
number of capacitors in the circuit is exactly two.

[0080] EMBODIMENT 49B.A method of programming a current sink with an
alternating current (AC) voltage, the method comprising: initiating a calibration operation by
activating a first clocked signal to cause a first capacitor to charge; deactivating the first
clocked signal and activating a second clocked signal to cause the first capacitor to start
discharging; deactivating the second clocked signal and activating a third clocked signal to
cause a second capacitor to charge; deactivating the third clocked signal and activating a
fourth clocked signal to cause the second capacitor to start discharging; and deactivating the
fourth clocked signal to terminate the calibration operation and activating an access control
line in a programming operation to cause a bias current derived from current stored in the
first capacitor to be applied to a column of pixels in an active matrix area of a light-emitting
display during the programming operation.

[0081] EMBODIMENT IC. A calibration circuit for a display panel having an active
area having a plurality of light emitting devices arranged on a substrate, and a peripheral area
of the display panel separate from the active area, the calibration circuit comprising: a first
row of calibration current source or sink circuits; a second row of calibration current source
or sink circuits; a first calibration control line configured to cause the first row of calibration
current source or sink circuits to calibrate the display panel with a bias current while the
second row of calibration current source or sink circuits is being calibrated by a reference
current; and a second calibration control line configured to cause the second row of
calibration current source or sink circuits to calibrate the display panel with the bias current
while the first row of calibration current source or sink circuits is being calibrated by the
reference current.

[0082] EMBODIMENT 2C. The calibration circuit of EMBODIMENT 1C, wherein
the first row and second row of calibration current source or sink circuits are located in the
peripheral area of the display panel.

[0083] EMBODIMENT 3C. The calibration circuit of EMBODIMENT 1C, further
comprising: a first reference current switch connected between the reference current source

and the first row of calibration current source or sink circuits, a gate of the first reference
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current switch being coupled to the first calibration control line; a second reference current
switch connected between the reference current source and the second row of calibration
current source or sink circuits, a gate of the second reference current switch being coupled to
the second calibration control line; and a first bias current switch connected to the first
calibration control line and a second bias current switch connected to the second calibration
control line.

[0084] EMBODIMENT 4C. -The calibration circuit of EMBODIMENT 1C, wherein
the first row of calibration current source or sink circuits includes a plurality of current source
or sink circuits, one for each column of pixels in the active area, each of the current source or
sink circuits configured to supply a bias current to a bias current line for the corresponding
column of pixels, and wherein the second row of calibration current source or sink circuits
includes a plurality of current source or sink circuits, one for each column of pixels in the
active area, each of the current source or sink circuits configured to supply a bias current to a
bias current line for the corresponding column of pixels.

[0085] EMBODIMENT 5C. The calibration current of EMBODIMENT 4C, wherein
each of the current source or sink circuits of the first and second rows of calibration current
source or sink circuits is configured to supply the same bias current to each of the columns of
the pixels in the active area of the display panel.

[0086] EMBODIMENT 6C. The calibration circuit of EMBODIMENT 1C, wherein
the first calibration control line is configured to cause the first row of calibration current
source or sink circuits to calibrate the display panel with the bias current during a first frame,
and wherein the second calibration control line is configured to cause the second row of
calibration current source or sink circuits to calibrate the display panel with the bias current
during a second frame that follows the first frame.

[0087] EMBODIMENT 7C. The calibration circuit of EMBODIMENT 1C, wherein
the reference current is fixed and is supplied to the display panel from a current source
external to the display panel.

[0088] EMBODIMENT 8C. The calibration circuit of EMBODIMENT 1C, wherein
the first calibration control line is active during a first frame while the second calibration
control line is inactive during the first frame, and wherein the first calibration control line is
inactive during a second frame that follows the first frame while the second calibration
control line is active during the second frame.

[0089] EMBODIMENT 9C. The calibration circuit of EMBODIMENT 1C, wherein

the calibration current source or sink circuits each calibrate corresponding current-biased,
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voltage-programmed circuits that are used to program pixels in the active area of the display
panel.

[0090] EMBODIMENT 10C.A method of calibrating a current-biased, voltage-
programmed circuit for a light-emitting display panel having an active area, the method
comprising: activating a first calibration control line to cause a first row of calibration current
source or sink circuits to calibrate the display panel with a bias current provided by the
calibration current source or sink circuits of the first row while calibrating a second row of
calibration current source or sink circuits by a reference current; and activating a second
calibration control line to cause the second row to calibrate the display panel with the bias
current provided by the calibration current or sink circuits of the second row while calibrating
the first row by the reference current.

[0091] EMBODIMENT 11C.The method of EMBODIMENT 10C, wherein the first
calibration control line is activated during a first frame to be displayed on the display panel
and the second calibration control line is activated during a second frame to be displayed on
the display panel, the second frame following the first frame, the method further comprising:
responsive to activating the first calibration control line, deactivating the first calibration
control line prior to activating the second calibration control line; responsive to calibrating
the display panel with the bias current provided by the circuits of the second row,
deactivating the second calibration control line to complete the calibration cycle for a second
frame.

[0092] EMBODIMENT 12C.The method of EMBODIMENT 10C, further
comprising controlling the timing of the activation and deactivation of the first calibration
control line and the second calibration control line by a controller of the display panel, the
controller being disposed on a peripheral area of the display panel proximate the active area
on which a plurality of pixels of the light-emitting display panel are disposed.

[0093) EMBODIMENT 13C.The method of EMBODIMENT 12C, wherein the
controller is a current source or sink control circuit.

[0094) EMBODIMENT 14C.The method of EMBODIMENT 1C, wherein the light-
emitting display panel has a resolution of 1920x1080 pixels or less.

[0095] EMBODIMENT 15C.The method of EMBODIMENT 1C, wherein the light-
emitting display has a refresh rate of no greater than 120Hz.

[0096] The foregoing and additional aspects and embodiments of the present

disclosure will be apparent to those of ordinary skill in the art in view of the detailed
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description of various embodiments and/or aspects, which is made with reference to the

drawings, a brief description of which is provided next.

BRIEF DESCRIPTION OF THE DRAWINGS

[0097] The foregoing and other advantages of the present disclosure will become
apparent upon reading the following detailed description and upon reference to the drawings.

[0098] FIG. 1 illustrates an electronic display system or panel having an active matrix
area or pixel array in which an array of pixels are arranged in a row and column
configuration;

[0099] FIG. 2a illustrates a functional block diagram of a current-biased, voltage-
programmed circuit for the display panel shown in FIG. 1;

[00100] FIG. 2b is a timing diagram for the CBVP circuit shown in FIG. 2a;

[00101] FIG. 3a is a circuit schematic of an exemplary CBVP circuit schematic that
can be used in connection with the CBVP circuit shown in FIG. 2a;

[00102] FIG. 3b illustrates an example timing diagram for the CBVP circuit shown in
FIG. 3a;

[00103] FIG. 4a illustrates a variation of the CBVP circuit shown in FIG. 3a, except
that a gating transistor (T6 and T10) is added between the light emitting device and the drive
transistor (T1 and T7);

[00104] FIG. 4b is a timing diagram for the CBVP circuit shown in FIG. 4a;

[00105] FIG. 5a illustrates a functional block diagram of a current sink or source
circuit according to an aspect of the present disclosure;

[00106] FIG. 5b-1 illustrates a circuit schematic of a current sink circuit using only p-
type TFTs;

[00107] FIG. 5b-2 is a timing diagram for the current sink circuit shown in FIG. 5b-1;

[00108] FIG. 5c is a variation of FIG. 5b-1 having a different capacitor configuration;

[00109] FIG. 6 illustrates a simulation result for the output current, lout, of the current
sink circuit shown in FIG. 5b-1 or Sc as a function of output voltage;

[00110] FIGS. 7a and 7b illustrate a parameter (threshold voltage, V1, and mobility,
respectively) variation in a typical poly-Si process;

[00111] FIG. 8 highlights Monte Carlo simulation results for the current source output
(Ibias);

[00112] FIG. 9a illustrates the use of the current sink circuit (such as shown in FIG.

5b-1 or 5¢) in a voltage-to-current converter circuit;
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[00113] FIG. 9b illustrates a timing diagram for the voltage-to-current converter circuit
shown in FIG. 9a;

[00114] FIG. 10a illustrates illustrate an N-FET based cascade current sink circuit that
isa var/iation of the current sink circuit shown in FIG. 5b-1;

[00115] FIG. 10b is a timing diagram for two calibration cycles of the circuit shown in
FIG. 10a;

[00116] FIG. 1la illustrates a cascade current source/sink circuit during activation of
the calibration operation;

[00117] FIG. 11b illustrates the operation of calibration of two instances (i.e., for two
columns of pixels) of the circuit shown in FIG. 11a;

[00118] FIG. 12 illustrates a CMOS current sink/source circuit 1200 that utilizes DC
voltage programming;

[00119] FIG. 13a illustratess a CMOS current sink circuit with AC voltage
programming;

[00120] FIG. 13b is an operation timing diagram for calibrating the circuit shown in
FIG. 13a;

[00121] FIG. 14a illustrates a schematic diagram of a pixel circuit using a p-type drive
transistor and n-type switch transistors;

[00122] FIG. 14b is a timing diagram for the pixel circuit shown in FIG. 14a;

[00123] FIG. 15a illustrates a schematic diagram of a current sink circuit implemented
using n-type FETs;

[00124] FIG. 15b illustrates a timing diagram for the circuit shown in FIG. 15a;

[00125] FIG. 16a illustrates a schematic diagram of a current sink implemented using
p-type EFTs;

[00126] FIG. 16b illustrates a timing diagram of the circuit shown in FIG. 16a;

[00127] FIG. 17 illustrates an example block diagram of a calibration circuit;

[00128] FIG. 18a illustrates a schematic diagram example of the calibration circuit
shown in FIG. 17; and

[00129] FIG. 18b illustrates a timing diagram for the calibration circuit shown in FIG.
18a.

[00130] While the present disclosure is susceptible to various modifications and
alternative forms, specific embodiments and implementations have been shown by way of
example in the drawings and will be described in detail herein. It should be understood,

however, that the present disclosure is not intended to be limited to the particular forms
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disclosed. Rather, the present disclosure is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the inventions as defined by the appended

claims.

‘DETAILED DESCRIPTION

[00131]) FIG. 1 is an electronic display system or panel 100 having an active matrix area
or pixel array 102 in which an array of pixels 104 are arranged in a row and column
configuration. For ease of illustration, only two rows and columns are shown. External to
the active matrix area 102 is a peripheral area 106 where peripheral circuitry for driving and
controlling the pixel area 102 are disposed. The peripheral circuitry includes a gate or
address driver circuit 108, a source or data driver circuit 110, a controller 112, and an
optional supply voltage (e.g., Vdd) control driver or circuit 114. The controller 112 controls
the gate, source, and supply voltage drivers 108, 110, 114. The gate driver 108, under control
of the controller 112, operates on address or select lines SEL[i], SEL{i+1], and so forth, one
for each row of pixels 104 in the pixel array 102. In pixel sharing configurations described
below, the gate or address driver circuit 108 can also optionally operate on global select lines
GSEL[j] and optionally /GSEL[j], which operate on multiple rows of pixels 104 in the pixel
array 102, such as every two rows of pixels 104. The source driver circuit 110, under control
of the controller 112, operates on voltage data lines Vdata[k], Vdata[k+1], and so forth, one
for each column of pixels 104 in the pixel array 102. The voltage data lines carry voltage
programming information to each pixel 104 indicative of a luminance (or brightness as
subjectively perceived by an observer) of each light emitting device in the pixel 104. A
storage element, such as a capacitor, in each pixel 104 stores the voltage programming
information until an emission or driving cycle turns on the light emitting device, such as an
organic light emitting device (OLED). The optional supply voltage control circuit 114, under
control of the controller 112, controls a supply voltage (EL_Vdd) line, one for each row of
pixels 104 in the pixel array 102, and optionally any of the controllable bias voltages
disclosed herein, although the controllable bias voltages can alternately be controlled by the
controller 112. During the driving cycle, the stored voltage programming information is used
to illuminate each light emitting device at the programmed luminance.

[00132] The display system or panel 100 further includes a current source (or sink)
circuit 120 (for convenience referred to as a current “source” circuit hereafter, but any current
source circuit disclosed herein can be alternately a current sink circuit or vice versa), which

supplies a fixed bias current (called Ibias herein) on current bias lines 132a, 132b (Ibias[k],
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Ibias[k+1]), and so forth, one for each column of pixels 104 in the pixel array 102. In an
example configuration, the fixed bias current is stable over prolonged usage and can be
spatially non-varying. Alternately, the bias current can be pulsed and used only when needed
during programming operations. In some configurations, a reference current Iref, from which
the fixed bias current (Ibias) is derived, can be supplied to the current source or sink circuit
120. In such configurations, a current source control 122 controls the timing of the
application of a bias current on the current bias lines Ibias. In configurations in which the
reference current Iref is not supplied to the current source or sink circuit 120 (e.g., FIGS. 9a,
12, 13a), a current source address driver 124 controls the timing of the application of a bias
current on the current bias lines Ibias. The current bias lines can also be referred to herein as
reference current lines.

[00133] As is known, each pixel 104 in the display system 100 needs to be programmed
with information indicating the luminance of the light emitting device in the pixel 104. This
information can be supplied to each light emitting device in the form of a stored voltage or a
current. A frame defines the time period that includes a programming cycle or phase during
which each and every pixel in the display system 100 is programmed with a programming
voltage indicative of a luminance and a driving or emission cycle or phase during which each
light emitting device in each pixel is turned on to emit light at a luminance commensurate
with or indicative of the programming voltage stored in a storage element or a programming
current. A frame is thus one of many still images that compose a complete moving picture
displayed on the display system 100. There are at least schemes for programming and
driving the pixels: row-by-row, or frame-by-frame. In row-by-row programming, a row of
pixels is programmed and then driven before the next row of pixels is programmed and
driven. In frame-by-frame programming, all rows of pixels in the display system 100 are
programmed first, and all of the pixels are driven row-by-row. Either scheme can employ a
brief vertical blanking time at the beginning or end of each frame during which the pixels are
neither programmed nor driven.

[00134] The components located outside of the pixel array 102 can be disposed in a
peripheral area 130 around the pixel array 102 on the same physical substrate on which the
pixel array 102 is disposed. These components include the gate driver 108, the source driver
110, the optional supply voltage control circuit 114, current source control 122, and current
source address driver 124, the current source or sink circuit 120, and the reference current
source, Iref. Alternately, some of the components in the peripheral area can be disposed on

the same substrate as the pixel array 102 while other components are disposed on a different
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substrate, or all of the components in the peripheral are can be disposed on a substrate
different from the substrate on which the pixel array 102 is disposed. Together, the gate
driver 108, the source driver 110, and optionally. the supply voltage control circuit 114 make
up a display driver circuit. The display driver circuit in some configurations can include the
gate driver 108 and the source driver 110 but not the supply voltage control circuit 114. In
other configurations, the display driver circuit can include the supply voltage control circuit
114 as well.

[00135] A programming and driving technique for programming and driving the pixels,
including a current-biased, voltage-programmed (CBVP) driving scheme is disclosed herein.
The CBVP driving scheme uses a programming voltage to program different gray or color
scales to each pixel (voltage programming) and uses a bias current to accelerate the
programming and to compensate for time-dependent parameters of a pixel, such as a shift in
the threshold voltage of the driving transistor and a shift in the voltage of the light emitting
device, such as an organic light emitting device or OLED.

[00136] A particular type of CBVP scheme is disclosed in which a switch transistor is
shared between multiple pixels in the display, resulting in improved manufacturing yield by
minimizing the number of transistors used in the pixel array 102. This shared switch scheme
also allows a conventional sequential scan driving to be used, in which pixels are
programmed and then driven row by row within each frame. An advantage of the shared-
transistor configurations disclosed herein is that the total transistor count for each pixel can
be reduced. Reducing the transistor count can also improve each pixel’s aperture ratio, which
is the ratio between the transparent (emissive) area, excluding the pixel’s wiring and
transistors, and the whole pixel area including the pixel’s wiring and transistors.

SHARING SWITCH TFTS IN PIXEL CIRCUITS

[00137] FIG. 2a illustrates a functional block diagram of a CBVP circuit 200 for the
display panel 100 shown in FIG. 1. The CBVP circuit 200 includes the active area 102
shown in FIG. 1 and a peripheral area separate from the active area 102, and the active area
102 includes pixels 104, and each pixel includes a light emitting device 202a arranged on a
substrate 204. In FIG. 2a, only two pixels 104a,b are shown for ease of illustration, and a
first pixel 104a is in a first row i, and a second pixel 104b is in a second row i+1, adjacent to
the first row. The CBVP circuit 200 includes a shared switch transistor 206 connected
between a voltage data line Vdata and a shared line 208 that is connected to a reference
voltage Vref through a reference voltage transistor 210. The reference voltage can be a direct

current (DC) voltage, or a pulsed signal. The first pixel 104a includes a first light emitting
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device 202a configured to be current-driven by a first drive circuit 212a connected to the
shared line 208 through a first storage device 214a, and the second pixel 104b includes a
second light emitting device 202b configured to be current-driven by a second drive circuit
212b connected to the shared line 208 through a second storage device 214b.

[00138] The CBVP circuit 200 includes a reference current line 132a configured to apply
a bias current Ibias to the first and second drive circuits 212a,b. The state (e.g., on or off,
conducting or non-conducting in the case of a transistor) of the shared switch transistor 206
can be controlled by a group select line GSEL[j]. The state of the reference voltage switch
210 can be controlled by a reference voltage control line, such as \GSEL([j]. The reference
voltage control line 216 can be derived from the group select line GSEL, or it can be its own
independent line from the gate driver 108. In configurations where the reference voltage
control line 216 is derived from the group select line GSEL, the reference voltage control line
216 can be the inverse of the group select line GSEL such that when the group select line
GSEL is low, the reference voltage control line 216 is high and vice versa. Alternately, the
reference voltage control line 216 can be an independently controllable line by the gate driver
108. In a specific configuration, the state of the group select line GSEL is opposite to the
state of the reference voltage control line 216.

[00139] Each of the pixels 104a,b is controlled by respective first and second select lines
SELI1[i] and SEL1[i+1], which are connected to and controlled by the gate driver 108. The
gate driver 108 is also connected to the shared switch via the group select line GSEL and to
the reference voltage transistor via the reference voltage control line 216. The source driver
110 is connected to the shared switch 206 via the voltage data line Vdata, which supplies the
programming voltage for each pixel 104 in the display system 100. The gate driver 108 is
configured to switch the reference voltage transistor 210 from a first state to a second state
(e.g., from on to off) such that the reference voltage transistor 210 is disconnected from the
reference voltage Vref during the programming cycle. The gate driver 108 is also configured
to switch the shared switch transistor 206 from the second state to the first state (e.g., from
off to on) via the group select line GSEL during a programming cycle of a frame to allow
voltage programming (via the voltage data line Vdata) of the first and second pixels 104a,b.
The reference current line 132k is also configured to apply the bias current Ibias during the
programming cycle.

[00140] In the example shown, there are a number, i+q, rows of pixels that share the

same shared switch 206. Any two or more pixels can share the same shared switch 206, so
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the number, i+q, can be 2, 3, 4, etc. It is important to emphasize that each of the pixels in the
rows 1 through i+q share the same shared switch 206.

[00141] Although, a CBVP technique is used as an example to illustrate the switch
sharing technique, it can be applied to different other types of pixel circuits, such as current-
programmed pixel circuits or purely voltage-programmed pixel circuits or pixel circuits
lacking a current bias to compensate for shifts in threshold voltage and mobility of the LED
drive transistors.

[00142] The gate driver 108 is also configured to toggle the first select line SEL1{i] (e.g.,
from a logic low state to a logic high state or vice versa) during the programming cycle to
program the first pixel 104a with a first programming voltage specified by the voltage data
line Vdata and stored in the first storage device 214a during the programming cycle.
Likewise, the gate driver 108 is configured to toggle the second select line SEL1[i+1] during
the programming cycle to program the second pixel 104b with a second programming voltage
(which may differ from the first programming voltage) specified by the voltage data line
Vdata and stored in the second storage device 214b during the programming cycle.

[00143] The gate driver 108 can be configured to, following the programming cycle,
such as during an emission cycle, switch the reference voltage transistor 210 via the reference
voltage control line 216 from the second state to the first state (e.g., from off to on) and to
switch the shared switch transistor 206 via the group select line GSEL from the first state to
the second state (e.g., from on to off). The optional supply voltage control circuit 114 shown
in FIG. 1 can be configured to adjust a supply voltage, EL._Vdd, coupled to the first and
second light emitting devices 202a,b to turn on the first and second light emitting devices
202a,b during the driving or emission cycle that follows the programming cycle of the frame.
In addition, the optional supply voltage control circuit 114 can be further configured to adjust
the supply voltage, EL._Vdd, to a second supply voltage, e.g., Vdd2, to a level that ensures
that the first and second light emitting devices 202a,b remain in a non-emitting state (e.g.,
off) during the programming cycle.

[00144] FIG. 2b is an example timing diagram of the signals used by the CBVP circuit
200 of FIG. 2a or any other shared-transistor circuit disclosed herein during a programming
cycle. Starting from the top of the timing diagram, the gate driver 108 toggles the group
select line GSEL from a second state to a first state, e.g., from high to low, and holds that line
in the first state until all of the pixels in the group of rows shared by the common shared
switch 206 are programmed. In this example, there are a number, i+q, rows of pixels that

share the same shared switch, where i+q can be 2, 3, 4, etc. The gate driver 108 activates the
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select line SEL[i] for the ith row in the group to be programmed in the shared pixel circuit,
such as the CBVP circuit 200. The pixel in the ith row [i] is programmed by the
corresponding programming voltage in Vdata while the SELJ[i] line is activated for that ith
row [i]. '

[00145] The gate driver 108 activates the selection line SEL [i+1] for the i+1% row in the
group to be programmed in the shared pixel circuit, and the pixel in the i+1% row [i+1] is
programmed by the corresponding programming voltage in Vdata while the SEL[i+1] line is
activated for the i+1% row [i+1]. This process is carried out for at least two rows and is
repeated for every other row in the group of pixels that share the shared switch 206. For
example, if there are three rows in the group of pixels, then the gate driver 108 activates the
selection line SEL [i+q] for the i+qth row (where q=2) in the group to be programmed in the
shared circuit, and the pixel in the i+qth row [i+q] is programmed by the corresponding
programming voltage in Vdata while the SEL[i+q] line is activated for the i+qth row [i+q].

[00146] While the group select line GSEL is activated, the supply voltage control 114
adjusts the supply voltage, Vdd, to each of the pixels in the group of pixels that share the
shared switch 206, from Vddl to Vdd2, where Vdd1 is a voltage sufficient to turn on each of
the light emitting devices 202a,b,n in the group of pixels being programmed, and Vdd2 is a
voltage sufficient to turn off each of the light emitting devices 202a,b,n in the group of pixels
being programmed. Controlling the supply voltage in this manner ensures that the light
emitting devices 202a,b,n in the group of pixels being programmed cannot be turned on
during the programming cycle. Still referring to the timing diagram of FIG. 2b, the reference
voltage and the reference current maintain a constant voltage, Vref, and current, Iref,
respectively.

3Te Pixel Circuit Schematic With Sharing Architecture

[00147] FIG. 3a is a circuit schematic of an exemplary CBVP circuit schematic that can
be used in connection with the CBVP circuit 200 shown in FIG. 2a. This design features
eight TFTs in every two row-adjacent pixels (i, i+1) in a column, k, in a pixel-sharing
configuration. In this eight-TFT pixel-sharing configuration, there is no gating TFT between
the driving TFT (T1 and T7) and the light emitting device 202a,b in both sub-pixels 104a,b.
The driving TFTs T1 and T7 are connected directly to their respectively light emitting
devices 202a,b at all times. This configuration allows the toggling of the supply voltage,
EL VDD, to the light emitting devices 202a,b to avoid excessive and unnecessary current

drain when the pixel is not in the emission or driving phase.
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[00148] In the FIG. 3a circuit schematic example, the first and second storage devices
214a,b are storage capacitors Cprx, both having a terminal connected to the shared line 208.
Again, only two pixels 104a,b in two rows i and i+1 are shown for ease of illustration. The
shared switch 206 (a transistor labeled T5) can be shared among two or more adjacent rows
of pixels 104. The transistors shown in this circuit are p-type thin-film transistors (TFTs), but
those of ordinary skill in the art will appreciate that the circuit can be converted to an n-type
TFT or a combination of n- and p-type TFTs or other types of transistors, including metal-
oxide-semiconductor (MOS) transistors. The present disclosure is not limited to any
particular type of transistor, fabrication technique, or complementary architecture. The
circuit schematics disclosed herein are exemplary.

[00149] The first drive circuit 212a of the first pixel 104a includes a first drive transistor,
labeled T1, connected to a supply voltage EL_Vdd and to the first light emitting device 202a.
The first drive circuit 212a further includes a pair of switch transistors, labeled T2 and T3,
each coupled to the first select line SEL1[i] for transferring the bias current from the
reference current line 132a to the first storage device, identified as a capacitor, Cpix, during a
programming cycle. The gate of T1 is connected to the capacitor Cpix 214a. T2 is connected
between the reference current line 132a and the first light emitting device 202a. T3 is
connected between the first light emitting device 202a and the capacitor Cpix 214a.

[00150] The second drive circuit 212b of the second pixel 104b includes a second drive
transistor, labeled T6, connected to the supply voltage, EL_VDD, and to the second light
emitting device 202b. The gate of T6 is connected to a second storage device 214b,
identified as a capacitor, Cpix, and a pair of switch transistors, labeled T7 and T8, each
coupled to the second select line, SEL1[i+1] for transferring the bias current, Ibias, from the
reference current line 132a to the capacitor 214b during a programming cycle. T7 is
connected between the reference current line 132a and the second light emitting device 202b
and T8 is connected between the second light emitting device 202b and the capacitor 214b.

[00151] The details of FIG. 3a will now be described. It should be noted that every
transistor described herein includes a gate terminal, a first terminal (which can be a source or
a drain in the case of a field-effect transistor), and a second terminal (which can be a drain or
a source). Those skilled in the art will appreciate that, depending on the type of the FET
(e.g., a n-type or a p-type), the drain and source terminals will be reversed. The specific
schematics described herein are not intended to reflect the sole configuration for
implementing aspects of the present disclosure. For example, in FIG. 3a, although a p-type

CBVP circuit is shown, it can readily be converted to an n-type CBVP circuit.
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[00152] The gate of T1 is connected to one plate of the capacitor Cpix 214a. The other
plate of the capacitor Cpix 214a is connected to the source of T5. The source of Tl is
connected to a supply voltage, EL_VDD, which in this example is controllable by the supply
voltage control 114. The drain of T1 is connected between the drain of T3 and the source of
T2. The drain of T2 is connected to the bias current line 132a. The gates of T2 and T3 are
connected to the first select line SEL1[i]. The source of T3 is connected to the gate of T1.
The gate of T4 receives a group emission line, Ggm. The source of T4 is connected to the
reference voltage Vref. The drain of T4 is connected between the source of TS and the other
plate of the first capacitor 214a. The gate of TS5 receives the group select line Gggy, and the
drain of TS5 is connected to the Vdata line. The light emitting device 202a is connected to the
drain of T1.

[00153] Turning now to the next sub-pixel in the CBVP circuit of FIG. 3a, the gate of T6
is connected to one plate of the second capacitor 214b and to the drain of T8. The other plate
of the second capacitor 214b is connected to the source of T5, the drain of T4, and the other
plate of the first capacitor 214a. The source of T6 is connected to the supply voltage
EL_VDD. The drain of T6 is connected to the drain of T8, which is connected to the source
of T7. The drain of T7 is connected to the bias current line Ibias 132a. The gates of T7 and
T8 are connected to the second select line SEL1[i+1]. The second light emitting device 202b
is connected between a ground potential EL_VSS and the drain of T6.

[00154) FIG. 3b illustrates an example timing diagram for the CBVP circuit shown in
FIG. 3a. As mentioned above, this shared-pixel configuration toggles the supply voltage,
EL VDD, to avoid drawing excess current when the pixel is not in a driving or emission
cycle. In general, the supply voltage control 114 lowers the potential of the EL_VDD line
during pixel programming, in order to limit the potential across the light emitting device
202a,b to reduce current consumption and hence brightness during pixel programming. The
toggling of the supply voltage, EL_VDD, by the supply voltage control 114, combined with
the sequential programming operation (in which a group of pixels are programmed and then
immediately driven, one group of pixels at a time), implies that the EL_VDD line 132a is not
shared globally among all pixels. The voltage supply line 132a is shared only by the pixels in
a common row, and such power distribution is carried out by integrated electronics at the
peripheral area 106 of the pixel array 102. The omission of one TFT at the unit pixel level
reduces the real-estate consumption of said pixel design, achieving higher pixel resolution
than higher-transistor shared-pixel configurations, such as shown in FIG. 4a, at the expense

of periphery integrated electronics.
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[00155] The sequential programming operation programs a first group of pixels that
share a common shared switch 206 (in this caée, two pixels in a column at a time), drives
those pixels, and then programs the next group of pixels, drives them, and so forth, until all of
the rows in the pixel array 102 have been programmed and driven. To initiate shared-pixel
programming, the gate driver 108 toggles the group select line, GSEL, low, which turns on
the shared switch 206 (T5). Simultaneously, the gate driver 108 toggles a group emission
line, Ggy, high, which turns off T4. In this example, the group emission line Ggm and the
group select line Ggg, are active low signals because T4 is and TS are p-type transistors. The
supply voltage control 114 lowers the supply voltage EL_VDD to a voltage sufficient to keep
the light emitting devices 202a,b from drawing excess current during the programming
operation. This ensures that the light emitting devices 202a,b draw little or no current during
programming, preferably remaining off or in a non-emitting or near non-emitting state. In
this example, there are two shared pixels per switch transistor 206, so the pixel in the first
row, 1, is programmed followed by the pixel in the second row, i+1. In this example, the gate
driver 108 toggles the select line for the ith row (SELJi]) from high to low, which turns on T2
and T3, allowing the current Ibias on the reference current line 132a to flow through the
driving transistor T1 in a diode-connected fashion, causing the voltage at the gate of T1 to
become Vp, a bias voltage. Note the time gap between the active edge of SEL[i] and GSEL
ensures proper signal settling of the Vdata line. The source driver 110 applies the
programming voltage (Vp) on Vdata for the first pixel 104a, causing the capacitor 214a to be
biased at the programming voltage Vp specified for that pixel 104a, and stores this
programming voltage for the first pixel 104a to be used during the driving cycle. The voltage
stored in the capacitor 214a is Vg - Vp.

[00156] Next, the gate driver 108 toggles the select line for the i+1s_t row (SEL[i+1]) from
high to low, which turns on T7 and T8 in the second pixel 104b, allowing all of the current
Ibias on the reference current line 132a to flow through the drive transistor T6 in a diode-
connected fashion, causing the voltage at the gate of T6 to become Vg, a bias voltage. The
source driver 110 applies the programming voltage Vp on the Vdata line for the second pixel
104b, causing the capacitor 214b to be biased at the programming voltage Vp specified in
Vdata for the second pixel 104b, and stores this programming voltage Vp for the second pixel
104 to be used during the driving cycle. The voltage stored in the capacitor 214b is Vg - Vp.
Note that the Vdata line is shared and connected to one plate of both capacitors 214a,b. The
changing of the Vdata programming voltages will affect both plates of the capacitors 214a,b
in the group, but only the gate of the drive transistor (either T1 or T6) that is addressed by the
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gate driver 108 will be allowed to change. Hence, different charges can be stored in the
capacitors 214a,b and preserved there after programming the group of pixels 104a,b.

[00157] After both pixels 104a,b have been programmed and the corresponding
programming voltage Vdata has been stored in each of the capacitors 214a,b, the light
emitting devices 202a,b are switched to an emissive state. The select lines SEL[i], SEL[i+1]
are clocked non-active, turning T2, T3, T7, and T8 off, stopping the flow of the reference
current Ibias to the pixels 104a,b. The group emission line Ggm is clocked active (in this
example, clocked from low to high), turning T4 on. One plate of the capacitors 214a,b start
to rise to Vref, leading the gates of T1 and T6 to rise according to the stored potential across
each of the respective capacitors 214a,b during the programming operation. The rise of the
gate of T1 and T6 establishes a gate-source voltage across T1 and T6, respectively, and the
voltage swing at the gate of T1 and T6 from the programming operation corresponds to the
difference between Vref and the programmed Vdata value. For example, if Vrefis Vddl, the
gate-source voltage of T1 goes to Vg — Vp, and the supply voltage EL_VDD goes to Vddl.
Current flows from the supply voltage through the drive switches T1 and T6, resulting in
light emission by the light emitting devices 202a,b.

[00158] The duty cycle can be adjusted by changing the timing of the Vddl signals (for
example, for a duty cycle of 50%, the Vdd line stays at Vdd1 for 50% of the frame, and thus
the pixels 104a,b are on for only 50% of the frame). The maximum duty cycle can be close
to 100% because only the pixels 104a,b in each group can be off for a short period of time.

5T Pixel With Sharing Configuration

[00159] FIGS. 4a and 4b illustrate an example circuit schematic and timing diagram of
another pixel-sharing configuration, featuring ten TFTs in every two adjacent pixels. The
reference voltage switch (T4) and the shared switch transistor (T5) are shared between two
adjacent pixels (in rows i, i+1) in a column, k. Each sub-pixel 104a,b in the group sharing the
two aforementioned TFTs have their respective four TFTs serving as the driving mechanism
for the light emitting devices 202a,b, namely T1, T2, T3, and T6 for the top sub-pixel 104a;
and T7, T8, T9, and T10 for the bottom sub-pixel 202b. The collective two-pixel
configuration is referred to as a group.

[00160] The first drive circuit 212a includes a first drive transistor T1 connected to a
supply voltage EL_VDD and a gating transistor 402a (T6) connected to the first light
emitting device 202a. A gate of the first drive transistor T6 is connected to a first storage
device 214a and to a pair of switch transistors T2 and T3, each coupled to the select line

SEL1[i] for transferring the bias current Ibias from the reference current line 132a to the first
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storage device 214a during a programming cycle. The gating transistor 402a (T6) is
connected to a reference voltage control line, Ggy, that is also connected to the reference
voltage transistor 210 (T4).

[00161] The reference voltage control line Ggm switches both the reference voltage
transistor 210 and the gating transistor 402a between a first state to a second state
simultaneously (e.g., on to off, or off to on). The reference voltage control line Ggy is
configured by the gate driver 108 to disconnect the reference voltage transistor 210 from the
reference voltage Vref and the first light emitting device 202a from the first drive transistor
T1 during the programming cycle.

[00162] Likewise, for the sub-pixel in the group (pixel 104b), the second drive circuit
212b includes a second drive transistor T7 connected to the supply voltage EL_VDD and a
gating transistor 402b (T10) connected to the second light emitting device 202b. A gate of
the second drive transistor T7 is connected to a second storage device 214b and to a pair of
switch transistors T8 and T9, each coupled to the select line SEL1[i+1] for transferring the
bias current Ibias from the reference current line 132a to the second storage device 214b
during a programming cycle. The gating transistor 402b (T10) is connected to a reference
voltage control line, Ggpm, that is also connected to the reference voltage transistor 210 (T4).

[00163] The reference voltage control line Ggym switches both the reference voltage
transistor 210 and the gating transistor 402a between a first state to a second state
simultaneously (e.g., on to off, or off to on). The reference voltage control line Ggm is
configured by the gate driver 108 to disconnect the reference voltage transistor 210 from the
reference voltage Vref and the second light emitting device 202b from the second drive
transistor T7 during the programming cycle.

[00164] The timing diagram shown in FIG. 4b is a sequential programming scheme,
similar to that shown in FIG. 3b, except that there is no separate control of the supply voltage
EL_VDD. The reference voltage control line Ggym connects or disconnects the light emitting
devices 202a,b from the supply voltage. The Ggwm line can be connected to the Gsgp line
through a logic inverter such that when the Ggy line is active, the Gggp line is inactive, and
vice versa.

[00165] During a pixel programming operation, the gate driver 108 addresses the GSEL
line corresponding to the group active (in this example using p-type TFTs, from high to low).
The shared switch transistor 206 (T5) is turned on, allowing one side of the capacitors 214a,b
for each sub-pixel 104a,b to be biased at the respective programming voltages carried by

Vdata during the programming cycle for each row.



WO 2011/058428 PCT/1IB2010/002898
: 31

[00166] The gate driver 108 addresses the SELI1[i] line corresponding to the top sub-
pixel 104a active (in this example, from high to low). Transistors T2 and T3 are turned on,
allowing the current Ibias to flow through the drive TFT T1 in a diode-connected fashion.
This allows the gate potential of T1 to be charged according to Ibias, and the threshold
voltage of T1 and the mobility of T1. The time gap between the active edge of SEL1[i] and
GSEL is to ensure proper signal settling of Vdata line.

[00167] The source driver 114 toggles the Vdata line to a data value (corresponding to a
programming voltage) for the bottom sub-pixel 104b during the time gap for the time
between SEL1[i] turns non-active and before SELI1[i+1] turns active. Then, SEL1[i+1] is
addressed, turning T8 and T9 on. T7 and its corresponding gate potential will be charged
similarly as T'1 in the top sub-pixel 104a.

[00168] Note that the Vdata line is shared and is connected to one plate of both
capacitors 214a,b. The changing of the Vdata value will affect simultaneously both plates of
the capacitors 214a,b in the group 104a,b. However, only the gate of the driving TFT (either
T1 or T7) that is addressed will be allowed to change in this configuration. Hence, the charge
stored in each capacitor Cpix 214a,b is preserved after pixel programming.

[00169] Following programming of the pixels 104a,b, a pixel emission operation is
carried out by clocking SELI1[i] and SEL1[i+1] non-active (switching from low to high),
turning T2, T3, T8 and T9 off, which stops the current flow of Ibias to the pixel group
104a,b.

[00170] Gem is clocked active (in this example, from low to high), turning T4, T6 and
T10 on, causing one plate of the capacitors 214a,b to rise to VREF, consequently leading to
the gate of T1 and T7 to rise according to the potential across each capacitor 214a,b during
the programming operation. This procedure establishes a gate-source voltage across T1, and
the voltage swing at the gate of T1 and T7 from the programming phase corresponds to the
difference between VREF and programmed VDATA value.

[00171] The current through T1 and T7 passes through T6 and T10 respectively, and
drives the light emitting devices 202a,b, resulting in light emission. This five-transistors-per-
pixel design in a pixel-sharing configuration reduces the total transistor count for every two
adjacent pixels. @ Compared to a six-transistors-per-pixel configuration, this pixel
configuration requires smaller real estate and achieves a smaller pixel size and higher
resolution. In comparison to configuration shown in FIG. 3a, the pixel-sharing configuration

of FIG. 4a eliminates the need to toggle EL_VDD (and thus the need for a supply voltage
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control 114). The generation of GSEL and GESM signals can be done at the peripheral area
106 by integrated signal logic.

[00172] The schematic details of the CBVP circuit example shown in FIG. 4a will now
be described. The gate of the drive transistor T1 is connected to one plate of the first
capacitor 214a and to the source of one of the switch transistors, T3. The source of T1 is
connected to the supply voltage EL_ VDD, which in this example is fixed. The drain of T1 is
connected to the drain of T3, which is connected to the source of another switch transistor T2.
The drain of T2 is connected to the current bias line 132a, which carries a bias current Ibias.
The gates of T2 and T3 are connected to the first select line SEL1[i]. The other plate of the
first capacitor 214a is connected to the drain of T4 and to the drain of T5. The source of T4
is coﬁnected to a reference voltage, Vref. The gate of T4 receives a group emission line Ggwm.
The gate of TS receives a group selection line, Gsg.. The source of TS is connected to the
Vdata line. The gate of the first gating transistor T6 is also connected to the group emission
line Gpm. The first light emitting device 202a is connected between the drain of T6 and a
ground potential EL._VSS. The source of T6 is connected to the drain of T1.

[00173] Referring to the second sub-pixel that includes the second light emitting device
202b, the gate of the second drive transistor T7 is connected to the source of T9 and to one
plate of the second capacitor 214b. The other plate of the second capacitor 214b is connected
to the drain of TS, the drain of T4, and the other plate of the first capacitor 214a. The source
of T7 is connected to the supply voltage EL_VDD. The drain of T7 is connected to the drain
of T9, which is connected to the source of T8. The drain of T8 is connected to the bias
current line 132a. The gates of T8 and T9 are connected to the second select line SEL1[i+1].
The gate of the second gating transistor T10 is connected to the group emission line Ggwm.
The source of T10 is connected to the drain of the second drive transistor T7. The second
light emitting device 202b is connected between the drain of T10 and the ground potential
EL_VSS.

STABLE CURRENT SOURCE FOR SYSTEM INTEGRATION TO DISPLAY

SUBSTRATE

[00174] To supply a stable bias current for the CBVP circuits disclosed herein, the
present disclosure uses stable current sink or source circuits with a simple construction for
compensating for variations in in-situ transistor threshold voltage and charge carrier mobility.
The circuits generally include multiple transistors and capacitors to provide a current driving
or sinking medium for other interconnecting circuits, and the conjunctive operation of these

transistors and capacitors enable the bias current to be insensitive to the variation of



WO 2011/058428 PCT/1IB2010/002898
33

individual devices. An exemplary application of the current sink or source circuits disclosed
herein is in active matrix organic light emitting diode (AMOLED) display. In an such
example, these current sink or source circuits are used in a column-to-column basis as part of
the pixel data programming operation to supply a stable bias current, Ibias, during the
current-bias, voltage programming of the pixels.

[00175] The current sink or source circuits can be realized with deposited large-area
electronics technology such as, but not limited to, amorphous silicon, nano/micro-crystalline,
poly-silicon, and metal oxide semiconductor, etc. Transistors fabricated using any of the
above listed technologies are customarily referred to thin-film-transistors (TFTs). The
aforementioned variability in transistor performances such as TFT threshold voltage and
mobility change can originate from different sources such as device aging, hysteresis, spatial
non-uniformity. These current sink or source circuits focus on the compensation of such
variation, and make no distinction between the various or combination of said origins. In
other words, the current sink or source circuits are generally totally insensitive to and
independent from any variations in the threshold voltage or mobility of the charge carriers in
the TFT devices. This allows for a very stable Ibias current to be supplied over the lifetime
of the display panel, which bias current is insensitive to the aforementioned transistor
variations.

[00176] FIG. 5a illustrates a functional block diagram of a high-impedance current sink
or source circuit 500 for a light-emitting display 100 according to an aspect of the present
disclosure. The circuit 500 includes an input 510 that receives a fixed reference current 512
and provides the reference current 512 to a node 514 in the current source or sink circuit 500
during a calibration operation of the current source or sink circuit 500. The circuit 500
includes a first transistor 516 and a second transistor 518 series-connected to the node 514
such that the reference current 512 adjusts the voltage at the node 514 to allow the reference
current 512 to pass through the series-connected transistors 516, 518 during the calibration
operation. The circuit 500 includes one or more storage devices 520 connected to the node
514. The circuit 500 includes an output transistor 522 connected to the node 514 to source or
sink an output current (Iout) from current stored in the one or more storage devices 520 to a
drive an active matrix display 102 with a bias current Ibias corresponding to the output
current Iout. Various control lines controlled by the current source/sink control 122 and/or
the controller 112 can be provided to control the timing and the sequence of the devices

shown in FIG. 5a.
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[00177] FIG. 5b-1 illustrates a circuit schematic of a current sink circuit 500’ using only
p-type TFTs. During the calibration cycle, the calibration control line CAL 502 is low and so
the transistors T2, T4, and T5 are ON while the output transistor T6 522 is OFF. As a result,
the current adjusts the voltage at node A (514) to allow all the current to pass through the first
transistor T1 (516) and the second transistor T3 (518). After calibration, the calibration
control line CAL 502 is high and the access control line ACS 504 is low (see the timing
diagram of FIG. 5b-2). The output transistor T6 (522) turns ON and a negative polarity
current is applied through the output transistor T6. The storage capacitor 520 (and the second

»(_:apacitor Cac) along with the source degenerate effect (between T1 and T3) preserves the
copied current, providing very high output impedance. The access control line ACS 504 and
the calibration control line CAL 502 can be controlled by the current source/sink control 122.
The timing and duration of each of these control lines is clocked and whether the control line
is active high or active low depends on whether the current sink/source circuit is p-type or n-
type as is well understood by those of ordinary skill in the semiconductor field.

[00178] The timing diagram of FIG. 5b-2 illustrates a method of sourcing or sinking
current to provide a bias current Ibias for programming pixels 104 of the light-emitting
display 100 according to an aspect of the present disclosure. A calibration operation of the
current source or sink circuit 500 is initiated by activating a calibration control line CAL to
cause a reference current Iref to be supplied to the current source or sink circuit 500. In this
example, CAL is active low because the transistors T2, T4, and T5 in the current sink circuit
500 are p-type. During the calibration operation, the current supplied by the reference current
Iref is stored in one or more storage devices (Cag and Cac) in the current source or sink
circuit 500. The calibration control line CAL is deactivated while an access control line ACS
is activated (active low because T6 in the circuit 500 is p-type) to cause sinking or sourcing
of an output current Iout corresponding to the current stored in the capacitors Cap and Caxc.
The output current is applied to a bias current line 132a,b,n for a column of pixels 104 in the
active matrix area 102 of the light-emitting display 100. A first controllable bias voltage Vg,
and a second controllable bias voltage Vg, are applied to the current source or sink circuit
500. The first bias voltage Vg; differs from the second bias voltage Vg, to allow the
reference current Iref passing through T1 and T3 to be copied into the capacitors Cap and
Cac.

[00179] The current sink circuit 500° can be incorporated into the current source or sink
circuit 120 shown in FIG. 1. The control lines ACS and CAL 502, 504 can be supplied by

the current source control 122 or directly from the controller 112. Iout can correspond to the
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Ibias current supplied to one of the columns (k ... n) shown in FIG. 1. It should be

understood that the current sink circuit 500’ would be reproduced n number of times for each
| column in the pixel array 102, so that if there are n columns of pixels, then there would be n
number of current sink circuits 500°, each sinking an Ibias current (via its Iout line) to the
entire column of pixels.

[00180] The ACS control line 504 is connected to the gate of the output transistor T6.
The source of T6 provides the bias current, labeled Iout in FIG. 5b-1. The drain of the output
transistor T6 (522) is connected to the node A, which is also connected to the drain of TS5. A
reference current, Iref, is supplied to the source of TS.

[00181] The calibration control line CAL 502 is connected to the gates of T2, T4, and
TS, to switch these TFTs ON or OFF simultaneously. The source of T4 is connected to the
node B, which is also connected to the gate of T3. The source of T3 is connected to node A
and to the drain of T5. A capacitor, Cag, is connected across the nodes A and B, between the
source of T4 and the drain of T5. The drain of T4 is connected to a second supply voltage,
labeled VB2. The source of T2 is connected to a node C, which is also connected to the gate
of T1. A capacitor, Cac, is connected across the nodes A and C, between the source of T2
and the source of T3. The drain of T1 is connected to ground. The source of T1 is connected
to the drain of T3. A first supply voltage, labeled VBI1, is connected to the drain of T2.

[00182] The calibration of the current sink circuit 500 can occur during any phase except
the programming phase. For example, while the pixels are in the emission cycle or phase, the
current sink circuit 500 can be calibrated. The timing diagram of FIG. 5b is an example of
how the current sink circuit 500 can be calibrated. As stated above, the ACS control line 504
is high when the calibration control line CAL 502 is activated to a low state, which turns the
transistors T2, T4, and T5 ON. The current from Iref is stored in the storage capacitors, Cag
and Cac. The calibration control line CAL 502 is deactivated (transitions from low to high),
and the ACS control line 504 is activated (high to low), allowing the copied current in the
storage capacitors to apply a negative polarity current, Iout, through T6.

[00183] FIG. Sc is a variation of FIG. 5b-1 having a second capacitor connected across
the second transistor T1 (518). In general, in FIG. 5c, the second capacitor labeled Ccp is
connected between nodes C and D instead of between nodes C and A as shown in FIG. 5b-1.
The current sink circuit 500°” shown in FIG. 5c¢ features six p-type transistors, a calibration
- control line CAL 502’ (active high), and an access control line ACS 504’ (active high). The
calibration control line 502’ is connected to the gates of first and second voltage switching

transistors T2 and T4 and the gate of an input transistor T5, and the access control line ACS
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504’ is connected to the gate of the output transistor T6 (522). In FIG. 5c, the gate of the
second transistor T1 (518) is connected to the drain of the switching transistor T2, which is
also connected to one plate of a first capacitor Cag (520). The other plate of the first
capacitor Cag is connected to node A, which is connected to the drain of the input transistor
TS, the drain of the output transistor T6, and the source of the first transistor T3 (516). The
drain of the first transistor T3 (516) is connected to one plate of a second capacitor Ccp at
node D. The other plate of the second capacitor is connected to the gate of the second
transistor T1 (518) and to the source of a second voltage switching transistor T2. The source
of T1 is connected to the drain of T3, and the drain of T1 is connected to a ground potential
VSS. The drain of a first voltage switching transistor T4 receives a first voltage VB1, and the
drain of the second voltage switching transistor T2 receives a second voltage VB2. The
source of TS5 receives a reference current, Iref. The source of T6 supplies the output current
in the form of a bias current, Ibias, to the column of pixels to which the circuit 800’ is
connected.

[00184] FIG. 6 illustrates a simulation result for the output current, Iout, of the current
sink circuit 500 shown in FIGS. 5a or 5c as a function of output voltage. Despite using p-
type TFTs, the output current, Iout, is significantly stable despite changes in the output
voltage.

[00185] In addition, the output current, lout, is highly uniform despite the high level of
non-uniformity in the backplanes (normally caused by process-induced effects). FIGS. 7a
and 7b illustrate a parameter variation in a typical poly-Si process, which is used for the
simulation and analysis results shown in FIG. 7a. FIG. 8 highlights the Monte Carlo
simulation results for the output current Iout (corresponding to Ibias). In this simulation, over
12% variation in mobility and 30% variation in the threshold voltage (V1) is considered;
however, the variation in the output current [out of the current sink circuit 500 is less than
1%.

[00186] The current source/sink circuits shown in FIGS. 5a and Sc can be used to
develop more complex circuit and system blocks. FIG. 9a illustrates the use of the current
sink circuit 500 in a voltage-to-current converter circuit 900 and a corresponding exemplary
timing diagram is illustrated in FIG. 9b. Although the current sink circuit 500 is shown in the
voltage-to-current converter circuit 900 in FIG. 9a, the current sink circuit 800 can be used in
an alternate configuration. The voltage-to-current converter circuit 900 provides a current
source or sink for a light-emitting display 100. The circuit 900 includes a current sink or

source circuit 500, which includes a controllable bias voltage transistor TS having a first
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terminal (source) connected to a controllable bias voltage Vg3 and a second terminal
connected (drain) to a first node A in the current sink or source circuit 500. The gate of the
controllable bias voltage transistor TS5 is connected to a second node B. A control transistor
T8 is connected between the first node A, the second node B, and a third node C. A fixed
bias voltage Vg4 is connected through a bias voltage transistor T9 to the second node B. An
output transistor T7 is connected to the third node C and sinks an output current Iout as a bias
current Ibias to drive a column of pixels 104 of an active matrix area 102 of the light-emitting
display 100.

[00187] The current sink or source circuit 500 includes a first transistor T3 series-
connected to a second transistor T2. The first transistor T3 is connected to the first node A
such that current passing through the controllable bias voltage transistor TS, the first
transistor T3, and the second transistor T1 is adjusted to allow the second node B to build up
to the fixed bias voltage Vps. The output current Iout is correlated to the controllable bias
voltage Vg3 and the fixed bias voltage Vgs.

[00188] A source of the controllable bias voltage transistor TS5 is connected to the
controllable bias voltage Vg3. A gate of the controllable bias voltage transistor TS5 is
connected to the second node B. A drain of the controllable bias voltage transistor TS5 is
connected to the first node A. A source of the control transistor T8 is connected to the
second node B. A gate of the control transistor T8 is connected to the first node A. A drain
of the control transistor T8 is connected to the third node C. A source of the bias voltage
transistor T9 is connected to the fixed bias voltage Vps. A drain of the supply voltage
transistor T10 is connected to the second node B. A gate of the bias voltage transistor T9 is
connected to a calibration control line CAL, which is controlled by a controller 122, 112, 114
of the light-emitting display 100. A source of the output transistor T7 is connected to a
current bias line 132a,b,n carrying the bias current Ibias. A drain of the output transistor T7
is connected to the third node C. A gate of the output transistor T7 is coupled to the
calibration control line CAL such that when the calibration control line CAL is active low,
the gate of the output transistor is active high (/CAL).

[00189] During the calibration operation, the calibration control line CAL 502 is low (see
FIG. 9b), and a fixed bias voltage, labeled Vgg4, is applied to node B. Here, the current of the
T1-T3-T5 branch is adjusted to allow Vg4 at node B (see FIG. 9b). As a result, a current
correlated to the controllable bias voltage Vg3 and to the fixed bias voltage Vg4 will pass

through Iout.
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[00190] A /CAL control line 902 is also shown, whichis the inverse of the CAL control
line 502 and may be tied to the same line through an inverter (i.e., when CAL is active low,
/CAL is active high). The calibration control line CAL 502 is connected to the gates of
calibration control transistors T2, T4, and T6. The /CAL control line 902 is connected to the
gates of an output transistor T7 and a supply voltage transistor T10. The fixed bias voltage
Vg4 is applied to the source of a bias voltage transistor T9, whose drain is connected to node
B, which is also connected to the gate of a controllable bias voltage transistor T5. A
controllable bias voltage Vg3 is applied to the source of the controllable bias voltage
transistor TS, and the drain of the controllable bias voltage transistor TS is connected to node
A, which is also connected to the gate of a control transistor T8 and the source of the first
transistor T3 of the current sink circuit 500. The source of the supply voltage transistor T10
is connected through a resistor R1 to a supply voltage, Vdd. The drain of the supply voltage
T10 is connected to node B, which is also connected to the source of the control transistor T8.
The drain of the control transistor T8 is connected to node C, which is also connected to the
drain of the output transistor T7. The source of the output transistor T7 produces the output
current, fout. The source of the calibration control transistor T6 is connected to node C and
the drain of the calibration control transistor T6 is connected to ground. A first capacitor is
connected between the source of T4 and the source of T3 of the current sink circuit 500. The
source of T4 is connected to the gate of T3 of the current sink circuit 500. A second
capacitor is connected between the gate of T1 and the source of T3 of the current sink circuit
500. The gate of T1 is also connected to the source of T2 of the current sink circuit 500. The
drain of T2 is connected to a first controllable bias voltage, Vg, and the drain of T4 is
connected to a second controllable bias voltage, Vp,, of the current sink circuit 500.

[00191] FIG. 9b illustrates a timing diagram of a method of calibrating a current source
or sink circuit 500 for a light-emitting display 100 using a voltage-to-current converter 900 to
calibrate an output current, Iout. The timing diagram of 9b shows that the calibration cycle,
which can be carried out following a programming cycle, for example during an emission
cycle or operation, starts when the calibration control line CAL 502 is asserted low (active
low). The controllable bias voltage VB3 is adjusted, such as by the current source/sink
control circuit 122, the controller 112, or the supply voltage control 114 (see FIG. 1), to a
first bias voltage level (Vbiasl) during the calibration cycle. The Iref current is copied and
stored into the storage capacitors, such that when the calibration control line CAL 502 is de-
asserted (low to high), the Iout current is stable across a range of output voltages. Following

the calibration cycle during the conversion cycle, the controllable bias voltage Vg3 is lowered
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to a second bias voltage level, Vbias2. A method for carrying out the timing operation for
calibrating the current source or sink circuit 500 of the voltage-to-current converter includes
activating a calibration control line CAL to initiate a calibration operation of the current
source or sink circuit 500. Then, the method includes adjusting a controllable bias voltage
Vg3 supplied to the current source or sink circuit 500 to a first bias voltage Vbiasl to cause
current to flow through the current source or sink circuit 500 to allow a fixed bias voltage Vg4
to be present at a node B in the voltage-to-current converter 900. The method includes
deactivating the calibration control line CAL to initiate a programming operation of pixels in
an active matrix area 102 of the light-emitting display 100. After initiating the programming
operation, the output current correlated to the controllable bias voltage and the fixed bias
voltage is sourced or sunk to a bias current line 132 that supplies the output current Iout
(Ibias) to a column of pixels 104 in the active matrix area 102.

[00192] During the calibration operation, the current flowing through the current source
or sink circuit as determined by the fixed bias voltage is stored in one or more capacitors 520
of the current source or sink circuit 500 until the calibration control line CAL is deactivated.
After deactivating the calibration control line CAL, the controllable bias voltage Vp; is
lowered from the first bias voltage Vbias] to a second bias voltage Vbias2 that is lower than
the first bias voltage Vbiasl.

[00193] FIGs. 10a and 10b illustrate an N-FET based current sink circuit that is a
variation of the current sink circuit 500 shown in FIG. 5b-1 (which uses p-type TFTs) and a
corresponding operation timing diagram. The current sink circuit 1000 features five TFTs
(labeled T1 through TS) and two capacitors Cgink and is activated by a gate control signal
line (Vsr) 1002, which can also be called a calibration control line (like CAL in FIG. 5b-1).
Both the gate control signal line (Vsg) 1002 and the reference current Iref can be generated
by circuitry external to the current sink circuit 1000 or integrated with the current sink
circuitry 1000, while the path labeled “To pixel” connects to the column (k ... n) of pixels to
be programmed.

[00194] During a calibration operation in which the current sink circuit 1000 is
calibrated, Vsp is clocked active. The transistors T2 and T4 are turned ON, allowing Iref to
flow through T1 and T3 in diode-connected fashion. Both capacitors Csink are charged to
their respective potential at the gate of T1 and T3 in order to sustain the current flow of Iref.

[00195] The diode-connected configuration of both the T1 and T3 TFTs during the
calibration phase allows the gate potential to follow their respective device threshold voltage

and mobility. These device parameters are in effect programmed into the Cgvk, allowing the



WO 2011/058428 PCT/1IB2010/002898
40

circuit to self-adjust to any variation in the aforementioned device parameters (threshold
voltage \‘/T or mobility). This forms the basis of an in-situ compensation scheme.

[00196] The reference current Iref can be shared by all the current source/sink instances
(note that there will be one current source or sink for each column of the pixel array 102)
provided that only one such circuit is turned ON at any moment in time. FIG. 10b illustrates
an exemplary operation of two such instances of the current sink circuit 1000. Adjacent Vgr
pulses for adjacent columns are coincidental, and Iref is channeled from one current
source/sink block in one column to the next current source/sink block in the next column.

[00197] Activation occurs by clocking Vsg non-active, turning T2 and T4 OFF. The
potential at Cgivk drives T1 and T3 to supply the output current to the pixels in the column
when T5 is turned ON through the panel program control line 1004 (also referred to as an
access control line), which can be supplied by the current source/sink control 122 or by the
controller 112. The circuit 1000 shown in FIG. 10a is of a cascade current source/sink
configuration. This configuration is employed to facilitate a higher output impedance as seen
from T35, thus enabling a better immunity to voltage fluctuations.

[00198] The Vsr control line 1002 is connected to the gates of T2, T4, and TS5. The
reference current Iref is received by the drain of T5. The panel program control line 1004 is
connected to the gate of T6. The source of T1 is connected to a ground potential VSS. The
gate of T1 is connected to one plate of a capacitor Csing, the other plate being connected to
VSS. The drain of T1 is connected to the source of T3, which is also connected to the drain
of T2. The source of T2 is connected to the gate of T1 and to the plate of the capacitor Csmk-
The gate of T3 is connected to the source of T4 and to one plate of the second capacitor
Csink, the other plate being connected to VSS. The drain of T3 is connected to the sources of
TS5 and T6. The drain of T4 is connected to the sources of T5 and T6, which are connected
together at node A. The drain of T6 is connected to one of the current bias lines 132 to
supply the bias current Ibias to one of the columns of pixels.

[00199] The timing diagram in FIG. 10b illustrates a method of calibrating current source
or sink circuits (e.g., like the circuit 500, 500°, 500°°, 900, 1000, 1100, 1200, 1300) that
supply a bias current Ibias on bias current lines 132a,b,n to columns of pixels 104 in an active
matrix area 102 of a light-emitting display 100. During a calibration operation of the current
source or sink circuits in the light-emitting display 100, a first gate control signal line (CAL
or Vsr) to a first current source or sink circuit (e.g., 500, 500°, 500°°, 900, 1000, 1100, 1200,
1300) for a first column of pixels (132a) in the active matrix area 102 is activated (e.g., active

low for p-type switches as in FIG. 11b and active high for n-type as in FIGS. 10b or 13b) to
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calibrate the first current source or sink circuit with a bias current Ibias that is stored in one or
more storage devices 520 (e.g., Csink) of the first current source or sink circuit during the
calibration operation. Responsive to calibrating the first current source or sink circuit, the
first gate control signal line for the first column 132a is deactivated. During the calibration
operation, a second gate control signal line (e.g., Vsg or CAL for column 2 132b) to a second
current source or sink circuit (e.g., 500, 500°, 500°°, 900, 1000, 1100, 1200, 1300) for a
second column of pixels 132b in the active matrix area 102 is activated to calibrate the
second current source or sink circuit with a bias current Ibias that is stored in one or more
storage devices 520 of the second current source or sink circuit during the calibration
operation. Responsive to calibrating the second current source or sink circuit, the second gate
control signal line is deactivated. Responsive to all of the current source or sink circuits for
every column being calibrated during the calibration operation, a programming operation of
the pixels 104 of the active matrix area 102 is initiated and an access control line (ACS or
panel_program) is activated to cause the bias current stored in the corresponding one or more
storage devices 502 in each of the current source or sink circuits to be applied to each of the
columns of pixels 132a,b,n in the active matrix area 102.

[00200] FIGS. 1l1a and 11b illustrate a P-FET based current sink circuit 1100 and a
corresponding timing diagram for an example calibration operation. This circuit 1100 is an
extension to the N-FET based current sink/source 1000 shown in FIG. 10a but is
implemented in P-FETs instead of N-FETs. The operation is outlined as follows. To
program or calibrate the circuit 1100, a Vsg control line 1102 is clocked active. The
transistors T2 and T4 are turned ON, allowing Iref to flow through T1 and T3 in diode-
connected fashion. T2’s conduction path pulls the gate potential of T1 and T3 near VSS,
while allowing the capacitor Cgwk to charge. As a result, the common source/drain node
between T3 and T4 is raised to a potential such that the current flow of Iref is sustained.

[00201] The Vsr control line 1102 is connected to the gates of T2 and T4. The drains of
T1 and T2 are connected to a ground potential VSS. The panel program control line 1104 is
connected to the gate of T5. The source of TS5 provides the output current, which is applied
to the column of pixels as a bias current, Ibias. The gate of T1 is connected to node B, which
is also connected to the source of T2, the gate of T3, and one plate of the capacitor Csnk.
The other plate of the capacitor is connected to node A, which is connected to the source of
T3, the drain of T4, and the drain of T5. A reference current Iref is applied to the source of
T4.
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[00202] This operating method during the calibration phase or operation allows the gate-
source potential of T3 to be programmed as a function of its respective device threshold
voltage and mobility. These device parameters are in effect programmed into the Csik,
allowing the circuit 1100 to self-adjust to any variation in these parameters.

[00203] The reference current Iref can be shared by all the current source/sink instances
(one for each column in the pixel array 102) provided only one such circuit is turned ON at
any moment in time. FIG. 11b illustrates the operation of two such instances (i.e., for two
columns of pixels) of the circuit 1100. Adjacent Vsr pulses are coincidental, and Iref is
channeled from one current source/sink block (for one column) to another block (for an
adjacent column).

[00204] Activation of a pixel programming operation following calibration proceeds as
follows. The Vsgr control line 1102 is clocked non-active; T2 and T4 are hence turned OFF.
The panel program control line 1104 is clocked active to allow T5 to be turned ON. The
charge stored inside Cgnk from the calibration operation is retained because T2 is OFF,
allowing the gate-source voltage of both T1 and T3 to adjust and sustain the programmed
current Iref to flow through T5.

[00205] The circuit 1100 shown in FIG. 1la is of a cascade current source/sink
configuration during activation of the calibration operation. The potential across Csnk
imposes a gate-source potential across T3, meanwhile applying the gate potential to T2. The
common drain/source node of Tvl and T3 will adjust to provide the current flow entailed by
T3. This technique is employed to facilitate a higher output impedance as seen from TS5, thus.
enabling a better immunity to voltage fluctuations.

CMOS Current Sink With DC Voltage Programming

[00206] FIG. 12 illustrates a CMOS current sink/source circuit 1200 that utilizes DC
voltage programming. Contrary to the current sink/source circuits disclosed above, this
circuit 1200 does not require any external clocking or current reference signals. Only a
voltage bias Viny and supply voltages (VDD and VSS) are required. This circuit 1200
eliminates the need for any clocks and associated periphery circuitry, allowing it to be
compatible with a wider range of on-panel integration configuration.

[00207] The circuit 1200 relies on an elegant current-mirroring technique to suppress the
influence of device parameter variation (e.g., variations in TFT voltage threshold V and
mobility). The circuit 1200 generally features eight TFTs (labeled M with a subscript N to
indicate n-type and a subscript P to indicate p-type), which form a current mirror 1204 to

generate a stable potential at node Vrgst and this node is subsequently used to drive an output
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TFT Mnourt to supply the current Ioyr, corresponding to a bias current Ibias supplied to one
of the columns of pixels in the pixel array 102. It is noted that multiple output TFTs can be
incorporated that shares Vrgst as the gate potential. The size or aspect ratio of such output
TFTs can be varied to supply a different Ioyr magnitude. In applications such as AMOLED
displays where a column typically includes three or more sub-pixels (red, green, and blue),
only one instance of this design needs to be present to driver three or more output TFTs.

[00208] The DC voltage-programmed current sink circuit 1200 includes a bias voltage
input 1204 receiving a controllable bias voltage Vin. The circuit 1200 includes an input
transistor My connected to the controllable bias voltage input 1204 V. The circuit 1200
includes a first current mirror 1201, a second current mirror 1202, and a third current mirror
1203. The first current mirror 1201 includes a pair of gate-connected p-type transistors (i.e.,
their gates are connected together) Mp;, Mps. The second current mirror 1202 includes a pair
of gate-connected n-type transistors Mys, Mng. The third current mirror 1203 includes a pair
of gate-connected p-type transistors Mpy, Mps. The current mirrors 1201, 1202, 1203 are
arranged such that an initial current I, created by a gate-source bias of the input transistor
My and copied by the first current mirror 1201 is reflected in the second current mirror 1202,
current copied by the second current mirror 1202 is reflected in the third current mirror 1203,
and current copied by the third current mirror 1203 is applied to the first current mirror 1201
to create a static current flow in the current sink circuit 1200.

[00209] The circuit 1200 includes an output transistor Mnout connected to a node 1206
(VTtesT) between the first current mirror 1201 and the second current mirror 1202 and biased
by the static current flow to provide an output current Ioyr on an output line 1208. The gate-
source bias (i.e., the bias across the gate and source terminals) of the input transistor My; is
created by the controllable bias voltage input Viy and a ground potential Vss. The first
current mirror and the third current mirror are connected to a supply voltage Vpp.

[00210] The circuit includes an n-type feedback transistor My, connected to the third
current mirror 1203. A gate of the feedback transistor My; is connected to a terminal (e.g., a
drain) of the input transistor My;. Alternately, a gate of the feedback transistor is connected
to the controllable bias voltage input 1204. The circuit 1200 preferably lacks any external
clocking or current reference signals. Preferably, the only voltage sources are provided by
the controllable bias voltage input Vi, a supply voltage Vpp, and a ground potential Vs and
no external control lines are connected to the circuit 1200.

[00211] The operation of this circuit 1200 is described as follows. The applied voltage

bias Vv to a voltage bia_s input 1202 and Vg sets up the gate-source bias for My, leading to a
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current I; to be established. The composite current mirror setup by Mp; and Mp; reflects the
currents I; to I4. Likewise, the composite current mirror setup by Mys and My; reflects the
currents I4 to Is. The composite current mirror setup by Mp; and Mp; reflects the currents I3
to I,. The gate of My is connected to the gate of Mp,.

[00212] The entire current-mirroring configuration forms a feedback loop that translates
the currents I; to Iy, I4 to I3, I3 to [, and I, closes the feedback loop back to I;. As an intuitive
extension of the aforementioned configuration, the gate of My can also be connected to Vi,
and the same feedback loop method of compensating for threshold voltage and mobility is in
effect.

[00213] All TFTs are designed to work in the saturation region, and My is made larger
than the rest of the TFTs to minimize the influence of its variations in threshold voltage and
mobility on the output current Ipyr.

[00214] This configuration requires static current flow (I; to I4) to bias the output TFT
Mnour. It is thus advisable to power down the supply voltage Vpp when Ioyr is not required
for power consumption control.

[00215] The circuit 1200 is configured as follows. As mentioned above, the subscript N
indicates that the transistor is n-type, and the subscript P indicates that the transistor is p-type
for this CMOS circuit. The sources of Mnout, Mns, Mns, Mz, and My are connected to a
ground potential Vgs. The drain of Myout produces the output current Igyr in the form of a
bias current Ibias that is supplied to one of the n columns of pixels in the pixel array 102
during pixel programming. The gate of My; receives a controllable bias voltage Vin. The
sources of Mp;, Mpy, Mp3, and Mp4 are connected to a supply voltage Vpp. The gate of
Mnour is connected to the Viest node, which is also connected to the drain of Mp,, the gate
of M3, and the drain of Mys. The gate of My is connected to the gate of Mys. The drain of
Mn; is connected to the drain of Mp; and to the gate of Mp;, which is also connected to the
gate of Mp,. The drain of Mp; is connected to the drain of My, and the gate of My; is
connected to the gate of Mp; and to the drain of Mp;, which is also connected to the drain of
Mni. The gate and drain of Mp; are tied together, as are the gate and drain of Mp,.

CMOS Current Sink With AC Voltage Programming

[00216] FIGS. 13a and 13b illustrate a CMOS current sink circuit 1300 with alternating
current (AC) voltage programming and a corresponding operation timing diagram for
calibrating the circuit 1300. Central to this design is the charging and discharging of the two

capacitors, C1 and C2. The interconnecting TFTs require four clocking signals, namely Vgi,
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V62, Vgs and Vg, to program the two capacitors. These clocking signals can be supplied by
the current source/sink circuit 122 or by the controller 112.

[00217] The clocking signals Vg, Vg2, Va3, Vg are applied to the gates of T2, T3, TS,
and T6, respectively. T2, T3, TS5, and T6 can be n-type or p-type TFTs, and the clocking
activation scheme (high to low or low to high) is modified accordingly. To make the
discussion generic to both n- and p-type TFTs, each transistor will be described as having a
gate, a first terminal, and a second terminal, where, depending on the type, the first terminal
can be the source or drain and the second terminal can be the drain or source. A first
controllable bias voltage Vin; is applied to the first terminal of T2. The second terminal of
T2 is connected to a node A, which is also connected to a gate of T1, a second terminal of T3,
and one plate of a first capacitor C1. The other plate of the first capacitor C1 is connected to
a ground potential Vss. The second terminal of T1 is also connected to Vss. The first
terminal of T1 is connected to a first terminal of T3, which is also connected to a second
terminal of T4. The gate of T4 is connected to a second node B, which is also connected to a
second terminal of T6, a first terminal of TS, and to one plate of a second capacitor C2. The
other plate of the second capacitor is connected to Vss. A second controllable bias voltage
Vg is applied to the second terminal TS. The first terminal of T6 is connected to the first
terminal of T4, which is also connected to the second terminal of T7. A panel program
control line is connected to the gate of T7, and the first terminal of T7 applies an output
current in the form of Ibias to one of the columns of pixels in the pixel array 102. The second
plate of C1 and C2 respectively can be connected to a controllable bias voltage (e.g.,
controlled by the supply voltage control circuit 114 and/or the controller 112) instead of to a
reference potential.

[00218] An exemplary operation of the circuit 1300 is described next. The clocking
signals Vg1, Va2, Vas and Vg are four sequential coincidental clocks that turn active one
after the other (see FIG. 13b). First, Vg, is active, allowing T2 to turn ON. The capacitor C1
is charged nominally to Vi via T2. The next clock signal Vg, becomes active afterwards,
and T3 is turned ON. TI is then in a diode-connected configuration with a conduction path
for C1 to discharge through T3. The duration of such discharge period is kept short; hence
the final voltage across C1 is determined by the device threshold voltage and mobility of T1.
In other words, the discharge process associates the programmed potential across C1 with the
device parameters, achieving the compensation. Subsequently, the other capacitor C2 is

charged and discharged similarly by the clocked activation of Vg3 and Vg4, respectively.
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[00219] The two-capacitor configuration shown in the circuit 1300 is used to increase the
output impedance of such design to allow higher immunity to output voltage fluctuations. In
addition to the insensitivity to device parameters, this circuit 1300 consumes very low power
due to the AC driving nature. There is no static current draw which aids in the adoption of
this circuit 1300 for ultra low-power devices, such as mobile electronics.
| [00220] The AC voltage-programmed current sink circuit 1300 includes four switching
transistors T2, T3, T5, and T6 that each receiving a clocking signal (Vg1, Va2, Va3, Vas) that
is activated in an ordered sequence, one after the other (see FIG. 13b). The first capacitor C;
is charged during a calibration operation by the activation of the first clocked signal Vg; and
discharged by the activation of the second clocked signal Vg, following the activation and
deactivation of the first clocked signal Vi;. The first capacitor C; is connected to the first T2
and second switching transistors T3. A second capacitor C2 is charged during the calibration
operation by the activation of the third clocked signal V3 and discharged by the activation of
the fourth clocked signal Vg4 following the activation and deactivation of the third clocked
signal Vg3 (see FIG. 13b). The second capacitor C2 is connected to the third and fourth
switching transistors TS5 and T6. An output transistor T7 is connected to the fourth switching
transistor T6 to sink, during a programming operation subsequent to the calibration operation,
an output current lIout derived from current stored in the first capacitor C, during the
calibration operation. As shown in the example of FIG. 13a, the four switching transistors
T2, T3, TS5, T6 are n-type. The circuit 1300 includes a first conducting transistor T1
connected to the second switching transistor T3 to provide a conduction path for the first
capacitor C1 to discharge through the second switching transistor T3. A voltage across the
first capacitor C1 following the charging of the first capacitor C1 is a function of a threshold
voltage and mobility of the first conducting transistor T3. The circuit 1300 includes a second
conducting transistor T4 connected to the fourth switching transistor T6 to provide a
conduction path for the second capacitor C2 to discharge through the fourth switching
transistor T6. In the FIG. 13a example, the number of transistors is exactly seven and the
number of capacitors is exactly two.

[00221] An exemplary timing diagram of programming a current sink with an alternating
current (AC) voltage is shown in FIG. 13b. The timing includes initiating a calibration
operation by activating (active high for n-type circuits, active low for p-type circuits) a first
clocked signal Vg, to cause a first capacitor C; to charge. Next, the first clocked signal is
deactivated and a second clocked signal Vg, is activated to cause the first capacitor C; to start

discharging. Next, the second clocked signal Vg, is deactivated and a third clocked signal
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V3 is activated to cause a second capacitor C, to charge. Next, the third clocked signal Vg;
is deactivated and a fourth clocked signal Vg4 is activated to cause the second capacitor C; to
start discharging. The fourth clocked signal Vg4 is deactivated to terminate the calibration
operation and an access control line (panel program) is activated in a programming operation
to cause a bias current Ibias derived from current stored in the first capacitor C, to be applied
to a column of pixels in an active matrix area 102 of a light-emitting display 100 during the
programming operation. In the case of using a controllable bias voltage for the second plate
of C1 and C2 (VN and Vi, respectively), each capacitor will have the same voltage level
during the first four operating cycles and then change to a different level during the pixel
programming level. This enables more effective control of the current levels produce by the
current source/sink circuit 1300.
Interchangeability of NFET and PFET-Based Circuits

[00222] This section outlines differences between a PFET-based and NFET-based pixel
circuit design and how to convert an n-type circuit to a p-type and vice versa. Because the
polarity of the current to the light emitting diode in each pixel has to be the same for both
NFET and PFET-type circuits, the current through the light emitting diode flows from a
supply voltage, e.g., EL_VDD, to a ground potential, e.g., EL_VSS, in both cases during
pixel emission.

[00223] Take the pixel circuit 1400 in FIG. 14a as an example of how to convert between
n-type and p-type TFTs. Here the drive transistor T1 is p-type, and the switch transistors T2
and T3 are n-type. The clock signals for each pixel 104, namely SEL _1 (for row 1) and
SEL_2 (for row 2), and so forth, are inverted as shown in the timing diagram in FIG. 14b. In
a PFET-based pixel circuit, the SEL_x signals are active low because P-type devices are
used. Here in the circuit 1400, the SEL signals are active high because N-type devices are
used. The timing of the other signals and their relative time-spacing are identical between the
two versions. It is, however, worthy of noting that the drive transistor T1 in the p-type
configuration has its gate-source voltage between the gate of T1 and EL_VDD. Thus, in the
p-type configuration, the voltage across the OLED plays minimal effect on the current
through T1 as long as the TFT T1 is operating in its saturation region. In the n-type
counterpart, however, the gate-source voltage is between the gate of T1 and the Vorgp node
(corresponding to the common source/drain node between T2 and T3). The OLED current
during emission phase will affect the stability of the pixel 104 performance. This can be
alleviated by TFT sizing and appropriately biasing the pixel circuit 104 to maintain a good

OLED current immunity over device (T1) variation. Nevertheless, this contributes one of the
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major design and operating differences between the N- and P-type configurations of the same
pixel design.

[00224] The same pointers apply to the current sink/source circuits disclosed herein.
This section outlines two current sink designs described above and describes the importance
of the polarity of the transistor (N- or PFET). The schematic diagrams shown in FIGS. 15a
and 16a illustrate a current sink/source circuit 1500, 1600 implemented using n-type and p-
type FETs, respectively. A key requirement for a current sink is to supply a constant current
sinking path from the output terminal. Due to the subtle differences between NFETs and
PFETs, P-type TFTs are inherently more difficult for implementing a current sink. In the N-
type circuit 1500 (FIG. 15a), the current level passing through T1 is largely determined by
the gate-source voltage in the saturation region, which is set by VSS and the voltage across
the capacitor Csivg. The capacitor is then easily programmed by external means. Here, the
source is always the lower potential node of the TFT current path. On the contrary, PFET’s
source node (see FIG. 16a) is the higher potential node of the TFT current path. Hence, VSS
is not the source node for T1 if it was a PFET. As a result, the same circuit for NFET cannot
be reused without modification for the PFET counterpart. Therefore, a different circuit has to
be implemented as shown in FIG. 16a. The PFET implementation has the capacitor, Csmk,
connected between the gate and source of the PFET T3. The actual operation of the current
sink is described earlier and shall not be repeated here.

[00225] The circuit 1500 is configured as follows. A reference current Iref is applied to
the drain of TS. A panel program control line is connected to the gate of T6. A Vg control
line is connected to the gate of TS and to the gate of T4. The gate of T1 is connected to the
source of T2 and to one plate of a first capacitor Csinki. The other plate of the first capacitor
is connected to a ground potential VSS, which is also connected to the source of T1. The
drain of T2 is connected to the source of T3 and to the drain of T1 at node A. The drain of
T3 is connected to node B, which is also connected to the source of TS, the source of T6, and
the drain of T4. The source of T4 is connected to the gate of T3 and to one plate of a second
capacitor Csnka, the other plate being connected to VSS. The drain of TS applies an output
current in the form of Ibias, which is supplied to one of the column of pixels in the pixel array
102. The activation and deactivation of the panel program and Vsg control lines can be
controlled by the current source control 122 or the controller 112.

[00226] The circuit 1600 shows five P-type TFTs for providing a bias current Ibias to
each column of pixels. A reference current Iref is applied to a source of T4. A

panel_program control line is applied to the gate of T5 to turn it ON or OFF during
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calibration of the circuit 1600. A Vggr control line is connected to the gate of T4 and to the
gate of T2. The source of T2 is connected at node A to the gate of T1, the gate of T3, and to
one plate of a capacitor Csing. The other plate of the capacitor is connected to node B, which
is connected to the source of T3, the drain of T4, and the drain of T5. The drain of T3 is
connected to the source of T1. The source of TS provides an output current in the form of a
bias current Ibias to one of the columns of pixels in the pixel array 102.

[00227] The timing diagrams of FIGS. 15b and 16b illustrate how the activation of the
clocked control lines are inverted depending on whether the current source/sink circuit is n-
type or p-type. The two current sink configurations accommodated the transistor polarity
differences, and in addition, the clock signals have to be inverted between the two
configurations. The gate signals share the same timing sequence, but inverted. All voltage
and current bias are unchanged. In the case of n-type, the Vsr and panel program control
lines are active high, whereas in the case of p-type, the Vsr and panel program control lines
are active low. Although only two columns are shown for ease of illustration in the timing
diagrams for the current source/sink circuits disclosed herein, it should be understood that the
Vsr control line for every column in the pixel array 104 would be activated sequentially
before the panel program control line is activated.

Improved Display Uniformity

[00228] According to another aspect of the present disclosure, techniques for improving
the spatial and/or temporal uniformity of a display, such as the display 100 shown in FIG. 1,
are disclosed. These techniques provide a faster calibration of reference current sources Iref,
from the bias current Ibias to each of the columns of the pixel array 102 is derived, and
reduce the noise effect by improving the dynamic range. They can also improve the display
uniformity and lifetime despite the instability and non-uniformity of individual TFTs in each
of the pixels 104.

[00229] Two levels of calibration occur as frames are displayed on the pixel array 102.
The first level is the calibration of the current sources with a reference current Iref. The
second level is the calibration of the display 100 with the current sources. The term
“calibration” in this context is different from programming in that calibration refers to
calibrating or programming the current sources or the display during emission whereas
“programming” in the context of a current-biased, voltage-programmed (CBVP) driving
scheme refers to the process of storing a programming voltage Vp that represents the desired

luminance for each pixel 104 in the pixel array 102. The calibration of the current sources
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and the pixel array 102 is typically not carried out during the programming phase of each
frame.

[00230] FIG. 17 illustrates an example block diagram of a calibration circuit 1700 that
incorporates the current source circuit 120, the optional current source control 122, and the
controller 112. The calibration circuit 1700 is used for a current-biased, voltage-programmed
circuit for a display panel 100 having an active matrix area 102. The current source circuit
120 receives a reference current, Iref, which can be supplied externally to the display 100 or
incorporated into the display 100 in the peripheral area 106 surrounding the active area 102.
Calibration control lines, labeled CAL1 and CAL2 in FIG. 17 determine which row of current
source circuit is to be calibrated. The current source circuit 120 sinks or sources a bias
current Ibias that is applied to each column of pixels in the active matrix area 102.

[00231] FIG. 18A illustrates a schematic diagram example of the calibration circuit 1700.
The calibration circuit 1700 includes a first row of calibration current sources 1802 (labeled
CS #1) and a second row of calibration current sources 1804 (labeled CS #2). The calibration
circuit 1700 includes a first calibration control line (labeled CAL1) configured to cause the
first row of calibration current sources 1802 (CS #1) to calibrate the display panel 102 with a
bias current Ibias while the second row of calibration current sources 1804 is being calibrated
by a reference current Iref. The current sources in the first and second rows of calibration
current sources 1802, 1804 can include any of the current sink or source circuits disclosed
herein. The term “current source” includes a current sink and vice versa and are intended to
be used interchangeably herein. The calibration circuit 1700 includes a second calibration
control line (labeled CAL?2) configured to cause the second row of calibration current sources
1804 (CS #2) to calibrate the display panel 102 with the bias current while the first row of
calibration current sources 1802 is being calibrated by the reference current Iref.

[00232] The first row and second row of calibration current sources 1802, 1804 are
located in the peripheral area 106 of the display panel 100. A first reference current switch
(labeled T1) is connected between the reference current source Iref and the first row of
calibration current sources 1802. The gate of the first reference current switch T1 is coupled
to the first calibration control line CAL1. Referring to FIG. 17, the first calibration control
line CAL1 is also passed through an inverter 1702 and the second calibration control line
CAL2 is passed through an inverter 1704 to produce /CAL1 and /CAL?2 control lines that are
clocked together with the CAL1 and CAL2 control lines except with opposite polarities.
Thus, when CALI is high, /CALI is low, and when CAL?2 is low, /CAL2 is high. This

allows the current sources to be calibrated while the display panel is being calibrated by the
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different rows of calibration current sources 1802, 1804. Still referring to FIG. 18A, a second
reference current switch T2 is connected between the reference current source Iref and the
second row of calibration current sources 1804. The gate of the second reference current
switch T2 is coupled to the second calibration control line CAL2. A first bias current switch
T4 is connected to the first calibration control line and a second bias current switch T3 is
connected to the second calibration control line. The switches T1-T4 can be n- or p-type TFT
transistors.

[00233] The first row of calibration current sources 1802 includes current sources (such
as any of the current sink or source circuits disclosed herein), one for each column of pixels
in the active area 102. Each of the current sources (or sinks) is configured to supply a bias
current Ibias to a bias current line 132 for the corresponding column of pixels. The second
row of calibration current sources 1804 also includes current sources (such as any of the
current sink or source circuits disclosed herein), one for each column of pixels in the active
area 102. Each of the current sources is configured to supply a bias current Ibias to a bias
current line 132 for the corresponding column of pixels. Each of the current sources of the
first and second rows of calibration current sources is configured to supply the same bias
current to each of the columns 132 of the pixels in the active area of the display panel 100.

[00234] The first calibration control line CALI is configured to cause the first row of
calibration current sources 1802 to calibrate the display panel 100 with the bias current Ibias
during a first frame of an image displayed on the display panel. The second calibration
control line CAL2 is configured to cause the second row of calibration current sources 1804
to calibrate each column of the display panel 100 with the bias current Ibias during a second
frame displayed on the display panel 100, the second frame following the first frame.

[00235] The reference current Iref is fixed and in some configurations can be supplied to
the display panel 100 from a conventional current source (not shown) external to the display
panel 100. Referring to the timing diagram of FIG. 18B, the first calibration control line
CALL is active (high) during a first frame while the second calibration control line CAL2 is
inactive (low) during the first frame. The ﬁrét calibration control line CAL1 is inactive (Iow)
during a second frame that follows the first frame while the second calibration control line
CAL2 is active (high) during the second frame.

[00236] The timing diagram of FIG. 18b implements a method of calibrating a current-
biased, voltage-programmed circuit for a light-emitting display panel 100 having an active
area 102. A first calibration control line CALI is activated to cause a first row of calibration

current source or sink circuits (CS #1) to calibrate the display panel 100 with a bias current
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Ibias provided by the calibration current source or sink circuits of the first row (CS #1) while
calibrating a second row of calibration current source or sink circuits (CS #2) by a reference
current Iref. The calibration source or sink circuits can be any such circuits disclosed herein.

[00237] A second calibration control line CAL2 is activated to cause the second row (CS
#2) to calibrate the display panel 100 with the bias current Ibias provided by the calibration
current or sink circuits of the second row (CS #2) while calibrating the first row (CS #1) by
the reference current Iref. The first calibration control line CAL1 is activated during a first
frame to be displayed on the display panel 100, and the second calibration control line CAL2
is activated during a second frame to be displayed on the display panel 100. The second
frame follows the first frame. After activating the first calibration control line CAL1, the first
calibration control line CAL1 is deactivated prior to activating the second calibration control
line CAL2. After calibrating the display panel 100 with the bias current Ibias provided by the
circuits of the second row (CS #2), the second calibration control line CAL?2 is deactivated to
complete the calibration cycle for a second frame.

[00238] The timing of the activation and deactivation of the first calibration control line
and the second calibration control line is controlled by a controller 112, 122 of the display
panel 100. The controller 112, 122 is disposed on a peripheral area 106 of the display panel
100 proximate the active area 102 on which a plurality of pixels 104 of the light-emitting
display panel 100 are disposed. The controller can be a current source or sink control circuit
122. The light-emitting display panel 100 can have a resolution of 1920x1080 pixels or less.
The light-emitting display 100 can have a refresh rate of no greater than 120Hz.

Pixel Circuit With Dampened Input Signal and Low Programming Noise

[00239] Improving display efficiency involves reducing the current required to drive the
current-driven pixels of the display. Backplane technologies with high TFT mobility will
have limited input dynamic range. As a result, noise and cross talk will cause significant
error in the pixel data. FIG. 19 illustrates a pixel circuit 1900 that dampens the input signal
and the programming noise with the same rate. Significantly, the storage capacitor that holds
the programming voltage is divided into two smaller capacitors, Cs; and Cs;. Because Cs; is
below the VDD line, it will help improve the aperture ratio of the pixel 1900. The final
voltage at node A, Va, is described by the following equation:

V=V, +V, -V, -7, )-(gs' J
S2




WO 2011/058428 PCT/1IB2010/002898
53

[00240] Where, Vp is the calibration voltage created by the bias current Ibias, Vp is the
programming voltage for the pixel, and V/, is the programming noise and cross talk.

[00241]) The pixel 1900 shown in FIG. 19 includes six p-type TFT transistors, each
labeled T1 through T6, which is similar to the pixels 104a,b shown in FIG. 4a. There are two
control lines, labeled SEL and EM. The SEL line is a select line for selecting the row of
pixels to be programmed, and the emission control line EM is analogous to the Ggm control
line shown in FIG. 4a, which is used to turn on the TFT T6 to allow the light emitting device
1902a to enter a light emission state. The select control line, SEL, for this pixel is connected
to the respective base terminals of T2, T3, and T4. These transistors will turn ON when the
SEL line is active. An emission control line, EM, is connected to the base of T5 and T6,
which when activated turn these transistors ON.

[00242] A reference voltage, Vref, is applied to the source of TS. The programming
voltage for the pixel 1900 is supplied to the source of T4 via Vdata. The source of T1 is
connected to a supply voltage Vdd. A bias current, Ibias, is applied to the drain of T3.

[00243] The drain of T1 is connected to node A, which is also connected to the drain of
T2 and the source of T3 and the source of T6. The gate of T1 is connected to the first and
second capacitors Cs; and Csy and to the source of T2. The gates of T2, T3, and T4 are
connected to the select line SEL. The source of T4 is connected to the voltage data line
Vdata. The drain of T4 is connected to the first storage capacitor and the drain of T5. The
source of T5 is connected to the reference voltage Vref. The gates of T6 and TS5 are
connected to the emission control line EM for controlling when the light emitting device
turns on. The drain of T6 is connected to the anode of a light emitting device, whose cathode
is connected to a ground potential. The drain of T3 receives a bias current Ibias.

[00244] FIG. 20 is another pixel circuit 2000 having three p-type TFT transistors, labeled
T1 through T3, and having a single select line SEL but lacking the emission control line EM
shown in the pixel circuit 1900 of FIG. 19. The select line SEL is connected to the gates of
T2 and T3. The voltage data line carrying the programming voltage for this pixel circuit
2000 is connected directly to one plate of a first storage capacitor Cg;. The other plate of the
first storage capacitor CS1 is connected to node B, which is also connected to the source of
T2, the gate of a drive transistor T1 and one plate of a second storage capacitor Cs;. The
other plate of the second storage capacitor is connected to a supply voltage Vdd, which is
also connected to the source of T1. The drain of T1 is connected to node A, which is also

connected to the drain of T2 and the source of T3 and to the cathode of a light emitting
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device, such as an OLED. The anode of the LED is connected to a ground potential. The
drain of T3 receives a bias current Ibias when T3 is activated.

[00245] Any of the circuits disclosed herein can be fabricated according to many
different fabrication technologies, including for example, poly-silicon, amorphous silicon,
organic semiconductor, metal oxide, and conventional CMOS. Any of the circuits disclosed
herein can be modified by their complementary circuit architecture counterpart (e.g., n-type
circuits can be converted to p-type circuits and vice versa).

[00246] While particular embodiments and applications of the present disclosure have
been illustrated and described, it is to be understood that the present disclosure is not limited
to the precise construction and compositions disclosed herein and that various modifications,
changes, and variations can be apparent from the foregoing descriptions without departing

from the scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:
1. A circuit for a display panel having an active area having a plurality of light emitting
devices arranged on a substrate, and a peripheral area of the display panel separate from the

active area, the circuit comprising:

a shared switch transistor connected between a voltage data line and a shared line that

is connected to a reference voltage through a reference voltage transistor; -

a first pixel including a first light emitting device configured to be current driven by a

first drive circuit connected to the shared line through a first storage device;

a second pixel including a second light emitting device configured to be current
driven by a second drive circuit connected to the shared line through a second

storage device; and

a reference current line configured to apply a bias current to the first and second drive

circuits.

2. The circuit of claim 1, further comprising a display driver circuit in the peripheral
area and coupled to the first and second drive circuits via respective first and second select
lines, to the switch transistor, to the reference voltage transistor, to the voltage data line, and
to the reference current line, the display driver circuit being configured to switch the
reference voltage transistor from a first state to a second state via a reference voltage control
line such that the reference voltage transistor is disconnected from the reference voltage and
to switch the shared switch transistor from the second state to the first state via a group select
line during a programming cycle of a frame to allow voltage programming of the first pixel

and the second pixel, and wherein the bias current is applied during the programming cycle.

3. The circuit of claim 2, wherein the display driver circuit is further configured to
toggle the first select line during the programming cycle to program the first pixel with a first
programming voltage specified by the voltage data line and stored in the first storage
capacitor during the programming cycle and to toggle the second select line during the
programming cycle to program the second pixel with a second programming voltage
specified by the voltage data line and stored in the second storage capacitor during the

programming cycle.

4. The circuit of claim 3, wherein the display driver circuit is further configured to,

following the programming cycle, switch the reference voltage transistor from the second
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state to the first state via a reference voltage control line and to switch the shared switch
transistor via a group select line from the first state to the second state, the display driver
circuit including a supply voltage control circuit configured to adjust the supply voltage to
turn on the first and second light emitting devices during a driving cycle of the frame that
follows the programming cycle, thereby causing the first and second light emitting devices to

emit light at a luminance based on the first and second programming voltages, respectively.

5. The circuit of claim 2, wherein the display driver circuit is further coupled to a supply
voltage to the first pixel and the second pixel, the display driver circuit being configured to
adjust the supply voltage to ensure that the first light emitting device and the second light

emitting device remain in a non-emitting state during the programming cycle.

6. The circuit of claim 1, wherein the display driver circuit includes a gate driver
coupled to the first and second drive circuits via respective first and second select lines in a

peripheral area of the display panel.

7. The circuit of claim 1, wherein the first drive circuit includes a first drive transistor
connected to a supply voltage and to the first light emitting device, a gate of the first drive
transistor being connected to the first storage device, and a pair of switch transistors each
coupledt to the first select line for transferring the bias current from the reference current line
to the first storage device during a programming cycle, wherein the first storage device is a

capacitor.

8. The circuit of claim 7, wherein one of the pair of switch transistors is connected
between the reference current line and the first light emitting device and the other of the pair
of switch transistors is connected between the first light emitting device and the first storage

capacitor.

9. The circuit of claim 8, wherein the pair of switch transistors and the drive transistor

are p-type MOS transistors.

10. The circuit of claim 7, wherein the second drive circuit includes a second drive
transistor connected to the supply voltage and to the second light emitting device, a gate of
the second drive transistor being connected to the second storage device, and a pair of switch
transistors each coupled to the second select line for transferring the bias current from the
reference current line to the second storage device during a programming cycle, wherein the

second storage device is a capacitor.
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11.  The circuit of claim 10, wherein one of the pair of switch transistors is connected
between the reference current line and the second light emitting device and the other of the
pair of switch transistors is connected between the second light emitting device and the

second storage device.

12.  The circuit of claim 11, wherein the pair of switch transistors and the drive transistor

are p-type MOS transistors.
13. The circuit of claim 12, wherein
a source of the first drive transistor is connected to the supply voltage,
a drain of the first drive transistor is connected to the first light emitting device,

a source of one of the pair of switch transistors is connected to a drain of the other of

the pair of switch transistors,

a drain of the one of the pair of switch transistors is connected to the reference current

line,

a source of the other of the pair of switch transistors is connected to the first storage

capacitor,

a drain of the shared transistor is connected to the first storage capacitor and to the

second capacitor,
a source of the shared switch transistor is connected to the voltage data line,
a source of the reference voltage transistor is connected to the reference voltage, and

the first light emitting device is connected between a drain of the gating transistor and

a ground potential.

14. The circuit of claim 1, wherein the peripheral area and the pixel area are on the same
substrate.
15. The circuit of claim 1, wherein the first drive circuit includes a first drive transistor

connected to a supply voltage and a gating transistor connected to the first light emitting
device, a gate of the first drive transistor being connected to the first storage device, and a
pair of switch transistors each coupled to the select line for transferring the bias current from

the reference current line to the first storage device during a programming cycle, wherein the
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gating transistor is connected to a reference voltage control line that is also connected to the

reference voltage transistor.

16. The circuit of claim 15, wherein the reference voltage control line switches both the
reference voltage transistor and the gating transistor between a first state to a second state
simultaneously, and wherein the reference voltage control line is configured by the display
driver circuit to disconnect the reference voltage transistor from the reference voltage and the
first light emitting device from the first drive transistor during the programming cycle.

17. The circuit of claim 16, wherein

a source of the first drive transistor is connected to the supply voltage,
a drain of the first drive transistor is connected to the first light emitting device,

a source of one of the pair of switch transistors is connected to a drain of the other of

the pair of switch transistors and to a source of the gating transistor,

a drain of the one of the pair of switch transistors is connected to the reference current

line,

a source of the other of the pair of switch transistors is connected to the first storage

capacitor,

a drain of the shared transistor is connected to the first storage capacitor and to the

second transistor,
a source of the shared switch transistor is connected to the voltage data line,
a source of the reference voltage transistor is connected to the reference voltage, and

the first light emitting device is connected between the drain of the first drive

transistor and a ground potential.

18.  The circuit of claim 1, wherein the circuit is a current-biased, voltage-programmed
circuit.
19. A method of programming a group of pixels in an active matrix area of a light-

emitting display panel, the method comprising:
during a programming cycle, activating a group select line to cause a shared switch

transistor to turn on;

while the group select line is activated, activating a first select line for a first row of

pixels in the active matrix area and providing a first programming voltage on a
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voltage data line to program a pixel in the first row by storing the

programming voltage in a first storage device;

while the group select line is activated, activating a second select line for a second
row of pixels in the active matrix area and providing a second programming
voltage on the voltage data line to program a pixel in the second row by

storing the programming voltage in a second storage device; and

while programming the first row and the second row of pixels, applying a bias current
to a reference current line connected to a first pixel drive circuit in the first

row and to a second pixel drive circuit in the second row.

20.  The method of claim 19, further comprising, during the programming cycle,
decreasing the supply voltage to a potential sufficient to cause a first light emitting device in
the pixel of the first row and a second light emitting device in the pixel of the second row to
remain in a non-luminescent state during the programming cycle.

21.  The method of claim 20, further comprising, responsive to the completion of the
programming cycle, deactivating the group select line to allow the first storage device to
discharge through a first drive transistor of the pixel of the first row and the second storage
device to discharge through a second drive transistor of the pixel of the second row.

22. The method of claim 21, further comprising restoring the supply voltage to cause the
first light emitting device and the second emitting device to emit light a luminance indicative
of the first and second programming voltages, respectively.

23.  The method of claim 19, further comprising, during the programming cycle,
deactivating a group emission line to turn off a reference voltage transistor connected to a
reference voltage during the programming cycle.

24.  The method of claim 23, wherein the deactivating the group emission line turns off a
first gating transistor in the pixel of the first row and a second gating transistor of the pixel in
the second row during the programming cycle, the first gating transistor being connected to a
first light emitting device in the pixel of the first row and the second gating transistor being
connected to a second light emitting device in the pixel of the second row, and wherein a gate
of the first gating transistor and a gate of the second gating transistor are connected to the
group emission line.

25.  The method of claim 24, further comprising, responsive to the completion of the

programming cycle, deactivating the group select line to allow the first storage device to
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discharge through a first drive transistor of the pixel of the first row and the second storage
device to discharge through a second drive transistor of the pixel of the second row thereby
causing the first light emitting device and the second emitting device to emit light a
luminance indicative of the first and second programming voltages, respectively.
26. A high output impedance current source or sink circuit for a light-emitting display, the
circuit comprising:
an input that receives a fixed reference current and provides the reference current to a
node in the current source or sink circuit during a calibration operation of the

current source or sink circuit;

a first transistor and a second transistor series-connected to the node such that the
reference current adjusts the voltage at the node to allow the reference current
to pass through the series-connected transistors during the -calibration

operation;
one or more storage devices connected to the node; and

an output transistor connected to the node to source or sink an output current from
current stored in the one or more storage devices to a drive an active matrix

display with a bias current corresponding to the output current.

27. The circuit of claim 26, further comprising an output control line connected to a gate
of the output transistor for controlling whether the output current is available to drive the
active matrix display.
28.  The circuit of claim 26, wherein the one or more storage devices includes a first
storage device connected between the node and the first transistor and a second storage
- device connected between the node and the second transistor.
29.  The circuit of claim 26, wherein the one or more storage devices includes a first
storage device connected between the node and the first transistor and a second storage
device connected between the first transistor and a gate of the second transistor.
30.  The circuit of claim 26, further comprising:

a first voltage switching transistor controlled by a calibration access control line and

connected to the first transistor;

a second voltage switching transistor controlled by the calibration access control line

and connected to the second transistor; and
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an input transistor controlled by the calibration access control line and connected

between the node and the input.

31. The circuit of claim 30, wherein the calibration access control line is activated to
initiate the calibration operation of the circuit followed by activating the access control line to
initiate the programming of a column of pixels of the active matrix display using the bias
current.

32.  The circuit of claim 26, wherein the one or more storage devices includes a first
capacitor and a second capacitor, the circuit further comprising:

an input transistor connected between the input and the node;

a first voltage switching transistor connected to the first transistor, the second

transistor, and the second capacitor;

a second voltage switching transistor connected to the node, the first transistor, and

the first transistor; and

a gate control signal line connected to the gates of the input transistor, the first voltage

switching transistor, and the second voltage switching transistor.

33. The circuit of claim 26, further comprising a reference current source external to the
active matrix display and supplying the reference current.
34, The circuit of claim 26, further comprising:

an input transistor connected between the input and the node;
a gate control signal line connected to the gate of the input transistor; and

a voltage switching transistor having a gate connected to the gate control signal line

and connected to the second transistor and the one or more storage devices.

35. The circuit of claim 26, wherein the first transistor, the second transistor, and the
output transistor are p-type field effect transistors having respective gates, sources, and
drains, wherein the one or more storage devices includes a first capacitor and a second
capacitor, wherein the drain of the first transistor is connected to the source of the second
transistor, and the gate of the first transistor is connected to the first capacitor, and wherein
the drain of the output transistor is connected to the node, and the source of the output
transistor sinks the output current.

36. The circuit of claim 35, further comprising:
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a first voltage switching transistor having a gate connected to a calibration control
line, a drain connected to a first voltage supply, and a source connected to the

first capacitor;

a second voltage switching transistor having a gate connected to the calibration
control line, a drain connected to a second voltage supply, and a source

connected to the second capacitor; and

an input transistor having a gate connected to the calibration control line, a drain

connected to the node, and a source connected to the input,

wherein the gate of the output transistor is connected to an access control line, and the
first voltage switching transistor, the second voltage switching transistor, and

the input transistor being p-type field effect transistors.

37. The circuit of claim 36, wherein the second capacitor is connected between the gate of

the second transistor and the node.

38. The circuit of claim 36, wherein the second capacitor is connected between the gate of
the second transistor and the source of the second transistor.
39. The circuit of claim 26, wherein the first transistor, the second transistor, and the
output transistor are n-type field effect transistors having respective gates, sources, and
drains, wherein the one or more storage devices includes a first capacitor and a second
capacitor, wherein the source of the first transistor is connected to the drain of the second
transistor, and the gate of the first transistor is connected to the first capacitor, and wherein
the source of the output transistor is connected to the node, and the drain of the output
transistor sinks the output current.
40. The circuit of claim 39, further comprising:

a first voltage switching transistor having a gate connected to a gate control signal

line, a drain connected to the node, and a source connected to the first

capacitor and to the first transistor;

a second voltage switching transistor having a gate connected to the gate control
signal line, a drain connected to the source of the first transistor, and a source

connected to the gate of the second transistor and to the second capacitor; and

an input transistor having a gate connected to the gate control signal line, a source

connected to the node, and a drain connected to the input,
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wherein the gate of the output transistor is connected to an access control line, and the
first voltage switching transistor, the second voltage switching transistor, and

the input transistor are n-type field effect transistors.

41. The circuit of claim 26, wherein the first transistor, the second transistor, and the
output transistor are p-type field effect transistors having respective gates, sources, and
drains, wherein the one or more storage devices includes a first capacitor, wherein the drain
of the first transistor is connected to the source of the second transistor, and the gate of the
first transistor is connected to the first capacitor, and wherein the drain of the output transistor
is connected to the node, and the source of the output transistor sinks the output current.
42.  The circuit of claim 41, further comprising:
an input transistor connected between the node and the input, wherein a drain of the
input transistor is connected to a reference current source and a source of the
input transistor is connected to the node, a gate of the input transistor being

connected to a gate control signal line;

a voltage switching transistor having a gate connected to the gate control signal line, a
source connected to the gate of the second transistor, and a drain connected to

a ground potential;

wherein the gate of the output transistor is connected to an access control line, and
wherein the first capacitor is connected between the gate of the first transistor

and the source of the first transistor.

43. A method of sourcing or sinking current to provide a bias current for programming

pixels of a light-emitting display, comprising:
initiating a calibration operation of a current source or sink circuit by activating a
calibration control line to cause a reference current to be supplied to the

current source or sink circuit;

during the calibration operation, storing the current supplied by the reference current

in one or more storage devices in the current source or sink circuit;

deactivating the calibration control line while activating an access control line to
cause sinking or sourcing of an output current corresponding to the current

stored in the one or more storage devices; and
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applying the output current to a column of pixels in an active matrix area of the light-

emitting display.

44.  The method of claim 43, further comprising applying a first bias voltage and a second
bias voltage to the current source or sink circuit, the first bias voltage differing from the
second bias voltage to allow the reference current to be copied into the one or more storage
devices.
45. A voltage-to-current converter circuit providing a current source or sink for a light-
emitting display, the circuit comprising:
a current sink or source circuit including a controllable bias voltage transistor having
a first terminal connected to a controllable bias voltage and a second terminal

connected to a first node in the current sink or source circuit;
a gate of the controllable bias voltage transistor connected to a second node;

a control transistor connected between the first node, the second node, and a third

node;

a fixed bias voltage connected through a bias voltage transistor to the second node;

and

an output transistor connected to the third node and sinking an output current as a bias
current to drive a column of pixels of an active matrix area of the light-

emitting display.

46. The voltage-to-current converter circuit of claim 45, wherein the current sink or
source circuit further includes a first transistor series-connected to a second transistor, the
first transistor connected to the first node such that current passing through the controllable
bias voltage transistor, the first transistor, and the second transistor is adjusted to allow the
second node to build up to the fixed bias voltage, and wherein the output current is correlated
to the controllable bias voltage and the fixed bias voltage.

47.  The voltage-to-current converter circuit of claim 45, wherein a source of the
controllable bias voltage transistor is connected to the controllable bias voltage, a gate of the
controllable bias voltage transistor is connected to the second node, and a drain of the
controllable bias voltage transistor is connected to the first node, wherein a source of the
control transistor is connected to the second node, a gate of the control transistor is connected
to the first node, and a drain of the control transistor is connected to the third node, wherein a

source of the bias voltage transistor is connected to the fixed bias voltage, a drain of the
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supply voltage transistor is connected to the second node, and a gate of the bias voltage
transistor is connected to a calibration control line controlled by a controller of the light-
emitting display, and wherein a source of the output transistor is connected to a current bias
line carrying the bias current, a drain of the output transistor is connected to the third node,
and a gate of the output transistor is coupled to the calibration control line such that when the
calibration control line is active low, the gate of the output transistor is active high.
48. A method of calibrating a current source or sink circuit for a light-emitting display
using a voltage-to-current converter to calibrate an output current, the method comprising:
activating a calibration control line to initiate a calibration operation of the current

source or sink circuit;

responsive to initiating the calibration operation, adjusting a controllable bias voltage
supplied to the current source or sink circuit to a first bias voltage to cause
current to flow through the current source or sink circuit to allow a fixed bias

voltage to be present at a node in the voltage-to-current converter;

deactivating the calibration control line to initiate a programming operation of pixels

in an active matrix area of the light-emitting display; and

responsive to initiating the programming operation, sourcing or sinking the output
current correlated to the controllable bias voltage and the fixed bias voltage to
a bias current line that supplies the output current to a column of pixels in the

active matrix area.

49.  The method of claim 48, further comprising during the calibration operation, storing
the current flowing through the current source or sink circuit as determined by the fixed bias
voltage in one or more capacitors of the current source or sink circuit until the calibration
control line is deactivated.
50.  The method of claim 48, further comprising, responsive to deactivating the calibration
control line, lowering the controllable bias voltage to a second bias voltage that is lower than
the first bias voltage.
51. A method of calibrating current source or sink circuits that supply a bias current to
columns of pixels in an active matrix area of a light-emitting display, the method comprising:
during a calibration operation of the current source or sink circuits in the light-
emitting display, activating a first gate control signal line to a first current

source or sink circuit for a first column of pixels in the active matrix area to
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calibrate the first current source or sink circuit with a bias current that is stored
in one or more storage devices of the first current source or sink circuit during

the calibration operation,;

responsive to calibrating the first current source or sink circuit, deactivating the first

gate control signal line;

during the calibration operation, activating a second gate control signal line to a
second current source or sink circuit for a second column of pixels in the
active matrix area to calibrate the second current source or sink circuit with a
bias current that is stored in one or more storage devices of the second current

source or sink circuit during the calibration operation;

responsive to calibrating the second current source or sink circuit, deactivating the

second gate control signal line; and

responsive to all of the current source or sink circuits being calibrated during the
calibration operation, initiating a programming operation of the pixels of the
active matrix area and activating an access control line to cause the bias
current stored in the corresponding one or more storage devices in each of the
current source or sink circuits to be applied to each of the columns of pixels in

the active matrix area.

52. The method of claim 51, wherein the current source or sink circuits include p-type
transistors and the gate control signal lines and the access control line are active low or
wherein the current source or sink circuits include n-type transistors and the gate control
signal lines and the access control line are active high.

53. A direct current (DC) voltage-programmed current sink circuit, comprising:

a bias voltage input receiving a bias voltage;
an input transistor connected to the bias voltage input;

a first current mirror, a second current mirror, and a third current mirror each
including a corresponding pair of gate-connected transistors, the current
mirrors being arranged such that an initial current created by a gate-source
bias of the input transistor and copied by the first current mirror is reflected in
the second current mirror, current copied by the second current mirror is

reflected in the third current mirror, and current copied by the third current
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mirror is applied to the first current mirror to create a static current flow in the

current sink circuit; and

an output transistor connected to a node between the first current mirror and the
second current mirror and biased by the static current flow to provide an

output current on an output line.

54.  The circuit of claim 53, wherein the gate-source bias of the input transistor is created

by the bias voltage input and a ground potential.

55. The circuit of claim 53, wherein the first current mirror and the third current mirror

are connected to a supply voltage.

56. The circuit of claim 53, further comprising a feedback transistor connected to the third

current mirror.

57. The circuit of claim 56, wherein a gate of the feedback transistor is connected to a

terminal of the input transistor.

58. The circuit of claim 56, wherein a gate of the feedback transistor is connected to the

bias voltage input.

59. The circuit of claim 56, wherein the feedback transistor is n-type.
60. The circuit of claim 53, wherein the first current mirror includes a pair of p-type
transistors, the second mirror includes a pair of n-type transistors, and the third mirror
includes a pair of p-type transistors, and wherein the input transistor and the output transistor
are n-type.
61. The circuit of claim 59, further comprising an n-type feedback transistor connected
between the third current mirror and the first current mirror, and wherein:

a first p-type transistor of the first current mirror is gate-connected to a fourth p-type

transistor of the first current mirror;

a third n-type transistor of the second current mirror is gate-connected to a fourth n-

type transistor of the second current mirror;

a second p-type transistor of the third current mirror is gate-connected to a third p-

type transistor of the third current mirror;

respective sources of the first, second, third, and fourth p-type transistors are

connected to a supply voltage and respective sources of the first, second, third,
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and fourth n-type transistors and the output transistor are connected to a

ground potential;
the fourth p-type transistor is drain-connected to the fourth n-type transistor;
the third p-type transistor is drain-connected to the third n-type transistor;
the second p-type transistor is drain-connected to the second n-type transistor;
the first p-type transistor is drain-connected to the first n-type transistor;

the drain of the third n-type transistor is connected between the gates of the second

and third p-type transistors;

the drain of the fourth n-type transistor is connected between the gates of the third and

fourth n-type transistors and to the node; and
a gate of the output transistor is connected to the node.

62. The circuit of claim 61, wherein the gate of the second n-type transistor is connected
to the gate of the first p-type transistor.

63. The circuit of claim 61, wherein the gate of the second n-type transistor is connected
to the bias voltage input.

64. The circuit of claim 53, wherein the circuit lacks any external clocking or current
reference signals.

65. The circuit of claim 53, wherein the only voltage sources are provided by the bias
voltage input, a supply voltage, and a ground potential and no external control lines are

connected to the circuit.

66.  The circuit of claim 53, wherein the circuit lacks a capacitor.

67. The circuit of claim 53, wherein the number of transistors in the circuit is exactly
nine.

68.  An alternating current (AC) voltage-programmed current sink circuit, comprising:

four switching transistors each receiving a clocking signal that is activated in an

ordered sequence, one after the other;

a first capacitor charged during a calibration operation by the activation of the first
clocked signal and discharged by the activation of the second clocked signal
following the activation and deactivation of the first clocked signal, the first

capacitor being connected to the first and second switching transistors;
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a second capacitor charged during the calibration operation by the activation of the
third clocked signal and discharged by the activation of the fourth clocked
signal following the activation and deactivation of the third clocked signal, the
second capacitor being connected to the third and fourth switching transistors;

and

an output transistor connected to the fourth switching transistor to sink, during a
programming operation subsequent to the calibration operation, an output
current derived from current stored in the first capacitor during the calibration

operation.

The circuit of claim 68, wherein the four switching transistors are n-type.

The circuit of claim 68, further comprising:

a first conducting transistor connected to the second switching transistor to provide a
conduction path for the first capacitor to discharge through the second
switching transistor, wherein a voltage across the first capacitor following the
charging of the first capacitor is. a function of a threshold voltage and mobility

of the first conducting transistor; and

a second conducting transistor connected to the fourth switching transistor to provide
a conduction path for the second capacitor to discharge through the fourth

switching transistor.

The circuit of claim 70, wherein
the four switching transistors, the output transistor, the first conducting transistor, and

the second conducting transistor are n-type;

a gate of the first switching transistor receives the first clocked signal, a drain of the

first switching transistor is connected to a first bias voltage;

a source of the first switching transistor is connected to a gate of the first conducting
transistor, to the first capacitor, and to a source of the second switching

transistor;

a gate of the second switching transistor receives the second clocked signal, a drain of
the second switching transistor is connected to a source of the second

conducting transistor and a drain of the first conducting transistor;

a gate of the second conducting transistor is connected to the first capacitor;
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a gate of the second conducting transistor is connected to drain of the third switching

transistor, the second capacitor, and a source of the fourth switching transistor;

a gate of the third switching transistor receives the third clocked signal, a source of

the third switching transistor is connected to a second bias voltage;

a gate of the fourth switching transistor receives the fourth clocked signal, a drain of

the fourth switching transistor is connected to a source of the output transistor;

a gate of the output transistor is connected to an access control line to initiate a

programming cycle of the light-emitting display;

a drain of the output transistor sinks the output current to a column of pixels of an

active matrix area of the light-emitting display; and

the first capacitor, a source of the first conducting transistor, and the second capacitor

1s connected to a ground potential.

The circuit of claim 68, wherein the number of transistors in the circuit is exactly

The circuit of claim 68, wherein the number of capacitors in the circuit is exactly two.

A method of programming a current sink with an alternating current (AC) voltage, the

method comprising;:

initiating a calibration operation by activating a first clocked signal to cause a first

capacitor to charge;

deactivating the first clocked signal and activating a second clocked signal to cause

the first capacitor to start discharging;

deactivating the second clocked signal and activating a third clocked signal to cause a

second capacitor to charge;

deactivating the third clocked signal and activating a fourth clocked signal to cause

the second capacitor to start discharging; and

deactivating the fourth clocked signal to terminate the calibration operation and
activating an access control line in a programming operation to cause a bias
current derived from current stored in the first capacitor to be applied to a
column of pixels in an active matrix area of a light-emitting display during the

programming operation.
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75. A calibration circuit for a display panel having an active area having a plurality of
light emitting devices arranged on a substrate, and a peripheral area of the display panel
separate from the active area, the calibration circuit comprising:

a first row of calibration current source or sink circuits;
a second row of calibration current source or sink circuits;

a first calibration control line configured to cause the first row of calibration current
source or sink circuits to calibrate the display panel with a bias current while
the second row of calibration current source or sink circuits is being calibrated

by a reference current; and

a second calibration control line configured to cause the second row of calibration
current source or sink circuits to calibrate the display panel with the bias
current while the first row of calibration current source or sink circuits is being

calibrated by the reference current.

76. The calibration circuit of claim 75, wherein the first row and second row of
calibration current source or sink circuits are located in the peripheral area of the display
panel.
77.  The calibration circuit of claim 75, further comprising:
a first reference current switch connected between the reference current source and
the first row of calibration current source or sink circuits, a gate of the first

reference current switch being coupled to the first calibration control line;

a second reference current switch connected between the reference current source and
the second row of calibration current source or sink circuits, a gate of the
second reference current switch being coupled to the second calibration

control line; and

a first bias current switch connected to the first calibration control line and a second

bias current switch connected to the second calibration control line.

78. The calibration circuit of claim 75, wherein the first row of calibration current source
or sink circuits includes a plurality of current source or sink circuits, one for each column of
pixels in the active area, each of the current source or sink circuits configured to supply a bias
current to a bias current line for the corresponding column of pixels, and wherein the second

row of calibration current source or sink circuits includes a plurality of current source or sink
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circuits, one for each column of pixels in the active area, each of the current source or sink
circuits configured to supply a bias current to a bias current line for the corresponding
column of pixels.
79. The calibration current of claim 78, wherein each of the current source or sink circuits
of the first and second rows of calibration current source or sink circuits is configured to
supply the same bias current to each of the columns of the pixels in the active area of the
display panel.
80. The calibration circuit of claim 75, wherein the first calibration control line is
configured to cause the first row of calibration current source or sink circuits to calibrate the
display panel with the bias current during a first frame, and wherein the second calibration
control line is configured to cause the second row of calibration current source or sink
circuits to calibrate the display panel with the bias current during a second frame that follows
the first frame.
81. The calibration circuit of claim 75, wherein the reference current is fixed and is
supplied to the display panel from a current source external to the display panel.
82. The calibration circuit of claim 75, wherein the first calibration control line is active
during a first frame while the second calibration control line is inactive during the first frame,
and wherein the first calibration control line is inactive during a second frame that follows the
first frame while the second calibration control line is active during the second frame.
83. The calibration circuit of claim 75, wherein the calibration current source or sink
circuits each calibrate corresponding current-biased, voltage-programmed circuits that are
used to program pixels in the active area of the display panel.
84. A method of calibrating a current-biased, voltage-programmed circuit for a light-
emitting display panel having an active area, the method comprising:
activating a first calibration control line to cause a first row of calibration current

source or sink circuits to calibrate the display panel with a bias current

provided by the calibration current source or sink circuits of the first row

while calibrating a second row of calibration current source or sink circuits by

a reference current; and

activating a second calibration control line to cause the second row to calibrate the
display panel with the bias current provided by the calibration current or sink
circuits of the second row while calibrating the first row by the reference

current.
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8s. The method of claim 84, wherein the first calibration control line is activated during a
first frame to be displayed on the display panel and the second calibration control line is
activated during a second frame to be displayed on the display panel, the second frame
following the first frame, the method further comprising:
responsive to activating the first calibration control line, deactivating the first

calibration control line prior to activating the second calibration control line;

responsive to calibrating the display panel with the bias current provided by the
circuits of the second row, deactivating the second calibration control line to

complete the calibration cycle for a second frame.

86.  The method of claim 84, further comprising controlling the timing of the activation
and deactivation of the first calibration control line and the second calibration control line by
a controller of the display panel, the controller being disposed on a peripheral area of the
display panel proximate the active area on which a plurality of pixels of the light-emitting
display panel are disposed.

87. The method of claim 86, wherein the controller is a current source or sink control
circuit.

88. The method of claim 75, wherein the light-emitting display panel has a resolution of
1920x1080 pixels or less.

89. The method of claim 75, wherein the light-emitting display has a refresh rate of no
greater than 120Hz.
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Continuation of Box No. III:

Group A: Claims 1-25

A circuit for a display panel having an active area having a plurality of light emitting devices arranged on a substrate, the circuit comprising:
a shared switch transistor, a first and a second pixel and a reference current line and a corresponding method of programming a group of
pixels in an active matric area of a light-emitting display panel.

Group B: Claims 26-44

A high-output impedance current source or sink circuit for a light-emitting display, the circuit comprising an input providing a reference
current to a node in the current source or sink circuit, a first and a second transistor series connected to the node, one or more storage
devices connected to the node and an output transistor connected to the node to source or sink output current and a corresponding method of
sourcing or sinking current to provide a bias current for programming pixels of a light-emitting display.

Group C: Claims 45-50
A voltage-to-current converter circuit providing a current source or sink for a light-emitting display and a corresponding method of
calibrating a current source or sink circuit for a light-emitting display using a voltage-to-current converter to calibrate an output current.

Group D: Claims 51-52

A method of calibrating current source or sink circuits that supply a bias current to a column of pixels in an active matrix area of a light-
emitting display, the method comprising activating a gate control signal line to a current source or sink circuit for a column of pixels in the
active matrix area to calibrate the current source or sink circuit with a bias current that is stored in one or more storage devices of the
current source or sink circuit during the calibration operation.

Group E: Claims 53-67
A direct current (DC) voltage-programmed current sink circuit, comprising a bias voltage input, an input transistor a first current mirror, a
second current mirror and a third current mirror and an output transistor.

Group F: Claim 68-74

An alternating current (AC) voltage-programmed current sink circuit, comprising: four switching transistors each receiving a clocking signal
that is activated in an ordered sequence, a first and a second capacitor and an output transistor connected to the fourth switching transistor
to sink an output current and a corresponding method of programming a current sink with an AC voltage.

Group G: Claims 75-89

A calibration circuit for a display panel comprising a first and a second row of calibration current source or sink circuits, and a first and a
second calibration control lines and a corresponding method of calibrating a current-biased, voltage-programmed circuit for a light-emitting
display having an active area.

Therefore, the claims on file do not relate to one invention only or to a group of inventions so linked as to form a single general inventive
concept and hence do not comply with PCT Rule 13.1.
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