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(54)  PIXEL CIRCUIT

(57)  Anpixel circuit (200, 300, 400) integrable as part
of adisplay (280), comprises a selection block (102) con-
nected to a selection line (104) and to a data line (105)
and configured to receive pixel data on said data line
(105) upon assertion of said selection line (104); a driv-
er-side pixel data storage element (108); and a driver
block (110) connectable to a self-emitting pixel element
(112) for driving said self-emitting pixel element (112),
wherein aninstantaneous brightness of said self-emitting
pixel element (112) is controlled based on said driv-
er-side pixel data storage element (108), said pixel circuit
(200, 300, 400) further comprising an intermediate stor-
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age block (202) comprising an intermediate pixel data
storage element (208) and connected to said selection
block (102), to said driver-side pixel data storage element
(108), and to a latch line (204), wherein said pixel circuit
(200, 300, 400) is configured so that the pixel data input
on said data line (105) is transferred to said intermediate
pixel data storage element (208) upon assertion of said
selection line (104), and so that pixel data is transferred
from said intermediate pixel data storage element (208)
to said driver-side pixel data storage element (108) upon
assertion of said latch line (204).
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Description
Technical field

[0001] The presentinventive concept relates to a pixel
circuit, a display comprising a plurality of such pixel cir-
cuits, a method of controlling the display, a display con-
troller configured to carry out the method, and to a non-
transitory computer-readable storage medium having
stored thereon instructions for implementing the method.

Background

[0002] Displays comprising self-emitting pixel ele-
ments, such as AMOLED and AMLED displays find wide
application.

[0003] In most such displays, pixel data is refreshed,
i.e., anew frame is written, through a scanning procedure
wherein the new pixel data is written to the display se-
quentially line by line, e.g., from top to bottom of the dis-
play.

[0004] In most displays, this is unproblematic, since
neighboring lines are refreshed immediately before or
after their neighboring lines, so that any artefacts from
the scanning procedure is not perceivable by the human
eye.

[0005] However, there are instances where this may
be problematic. For example, when tiling several display
modules next to each other, the last row of one module
may be located immediately next to the first row of an-
other module. Therefore, these neighboring lines will be
updated with a time difference corresponding to a full
frame or sub-frame interval. This can cause undesired
visual artifacts.

[0006] Thus, there is a need for improvement in this
area.

Summary

[0007] An objective of the present inventive conceptis
to provide a pixel circuit allowing for a display with less
temporal visual artefacts.

[0008] According to a first aspect, there is provided a
pixel circuit integrable as part of a display, said pixel cir-
cuit comprising a selection block connected to a selection
line and to a data line and configured to receive pixel
data on said data line upon assertion of said selection
line; a driver-side pixel data storage element; and a driver
block connectable to a self-emitting pixel element for driv-
ing said self-emitting pixel element, wherein an instanta-
neous brightness of said self-emitting pixel element is
controlled based on said driver-side pixel data storage
element, said pixel circuit further comprising an interme-
diate storage block comprising an intermediate pixel data
storage element and connected to said selection block,
to said driver-side pixel data storage element, and to a
latch line, wherein said pixel circuit is configured so that
the pixel data input on said data line is transferred to said
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intermediate pixel data storage element upon assertion
of said selection line, and so that pixel data is transferred
from said intermediate pixel data storage element to said
driver-side pixel data storage element upon assertion of
said latch line.

[0009] A pixel may be associated with or comprise a
single self-emitting pixel element. In another case, a pixel
may comprise several sub-pixels, each associated with
or comprising a respective self-emitting pixel element.
For example, the respective self-emitting pixel element
of each sub-pixel may emit a different primary color. For
example, there may be one sub-pixel for each of the
colors red, green, and blue.

[0010] With "pixel circuit" should be understood the cir-
cuitry associated with the driving of a specific pixel or
sub-pixel. Typically, a single pixel circuit may be associ-
ated with a single pixel or sub-pixel and each pixel or
sub-pixel may be associated with a single pixel circuit.
[0011] With "pixel data" should be understood data in-
dicating an intended instantaneous brightness of the self-
emitting pixel element. For example, and typically, the
pixel data may be either an analog or a digital voltage.
In the case of an analog voltage, increasing voltage may
indicate a higher instantaneous brightness level of the
self-emitting pixel element. In the case of adigital voltage,
the digital voltage may indicate whether the self-emitting
pixel element should be turned on or off. In this case, the
self-emitting pixel element may be arranged to repeat-
edly turn on and off, e.g., through pulse width modulation
(PWM).

[0012] The presentinventive concept stems from a re-
alization that the arranging of an intermediate pixel data
storage element allows simultaneous visual updating of
all pixels of a display, instead of visual updating through
scanning through the display lines. While the pixel data
may still be written into the respective intermediate stor-
age block through a scanning procedure employing the
data and selection lines, the updated pixel data will only
become visible and active in the respective pixel upon
assertion of the latch line. By arranging for all pixel circuits
in a display to be connected to a same, i.e., global latch
line, and asserting that latch line, all pixels of the display
may be simultaneously updated. Hereby, visual artefacts
from the scanning may be eliminated.

[0013] The presentinventive concept may find further
use for 3D applications, wherein the 3D effect is created
using a 2D display, such as a TV, and glasses that alter-
natingly block the light for either the left or the right eye
and where therefore instantaneous updating of a whole
display may be required, so the correct eye gets the cor-
rect image.

[0014] According to an embodiment, the intermediate
storage block comprises a latch transistor controlled by
the latch line. This is a particularly simple way of imple-
menting the intermediate storage block.

[0015] According to an embodiment, the intermediate
storage block further comprises a forwarding transistor,
wherein the latch transistor is connected to a supply volt-



3 EP 4177 876 A1 4

age and to the forwarding transistor and the forwarding
transistor is controlled by the intermediate pixel data stor-
age element and further is connected to said driver-side
pixel data storage element. Hereby, the forwarding tran-
sistor may be configured as a source-follower. This is a
particularly beneficial way of implementing the interme-
diate storage block in case of the pixel data being an
analog voltage.

[0016] According to an embodiment, the latch transis-
tor is connected to said intermediate pixel data storage
elementand to the driver-side pixel data storage element.
This is a particularly simple way of implementing the in-
termedia storage block in case of the pixel data being a
digital voltage.

[0017] According to an embodiment, the driver-side
pixel data storage element is connected to a logic gate,
and said logic gate is connected to said driver block. This
is a particularly robust way of implementing the interme-
diate storage block in case ofthe pixel data being a digital
voltage.

[0018] According to an embodiment, the logic gate is
a buffer or inverter.

[0019] According to an embodiment, the logic gate is
a NOR gate or NAND gate connected to areset line. This
allows for both simultaneously updating digital data volt-
ages for all pixels and resetting all pixels.

[0020] According to an embodiment, the selection
block comprises a transistor controlled by said selection
line and connected to said data line and to the interme-
diate pixel data storage element. This is a particularly
simple way of implementing the selection block.

[0021] According to an embodiment, the driver block
comprises a transistor connectable in series with the self-
emitting pixel element and controlled by the driver-side
pixel-data storage element. This is a particularly simple
way of implementing the driver block.

[0022] Accordingto an embodiment, said intermediate
pixel data storage element and/or said driver-side pixel
data storage element is a capacitor.

[0023] Accordingto asecond aspect, there is provided
adisplay comprising a plurality of pixel circuits according
to the first aspect.

[0024] This aspect may generally present the same or
corresponding advantages as the former aspect.
[0025] According to a third aspect, there is provided a
method of updating the display according to the second
aspect, said method comprising performing a pixel data
update procedure, said procedure comprising simulta-
neously asserting said selection line for each pixel circuit
in a subset of pixel circuits of said plurality of pixel circuits
while inputting pixel data on each respective data line of
each pixel circuit of said subset of pixel circuits, wherein
said pixel data update procedure is repeated, sequen-
tially in time, for different subsets of said plurality of pixel
circuits; and, thereafter, simultaneously, for each pixel
circuit of said plurality of pixel circuits, asserting said latch
line.

[0026] This aspect may generally present the same or
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corresponding advantages as the former aspects.
[0027] According to an embodiment, each said subset
corresponds to a row of pixels in said display.

[0028] According to a fourth aspect, there is provided
a display controller configured to carry out the method
according to the third aspect.

[0029] This aspect may generally present the same or
corresponding advantages as the former aspects.
[0030] According to a fifth aspect, there is provided a
non-transitory computer-readable storage medium hav-
ing stored thereon instructions for implementing the
method according to the third aspect, when executed on
a device having processing capabilities.

[0031] This aspect may generally present the same or
corresponding advantages as the former aspects.

Brief description of the drawings

[0032] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1A shows, for comparison, a pixel circuit not
according to the present inventive concept.

Fig. 1B shows a timing diagram for the pixel circuit
of Fig. 1A.

Fig. 2A shows a pixel circuit.

Fig. 2B shows a timing diagram for the pixel circuit
of Fig. 2A.

Fig. 2C shows a display comprised of pixels each
associated with a respective pixel circuit.

Fig. 3 shows a further pixel circuit.

Fig. 4 shows a further pixel circuit.

Detailed description

[0033] Firstly, for comparison, Fig. 1A illustrates a pixel
circuit 100 not according to the presentinventive concept.
[0034] There is shown a pixel circuit 100, which may
form part of a display comprised of self-emitting pixel
elements, such as an AMOLED display or an AMLED
display. The display may be an active matrix (AM) dis-
play.

[0035] The pixelcircuit 100 comprises a selection block
102, adriver-side storage element 108, and adriver block
110, and is connectable to a self-emitting pixel-element
112, such as an LED, OLED, or pLED.

[0036] The selection block 102 is connected to a se-
lection line 104 and to a data line 105. In the shown im-
plementation, the selection block comprises a selection
transistor 106, where a gate terminal of the selection tran-
sistor 106 is connected to the selection line 104 and a
source or drain terminal is connected to the data line 105.
Thereby, the selection block 102 is configured to receive
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pixel data on the data line 105 upon assertion of the se-
lection line 104. The other source or drain terminal of the
selection transistor 106 is connected to the node V,.
[0037] The driver block 110 comprises a driver tran-
sistor 114 connectable in series with the self-emitting pix-
el element 112 between a supply voltage Vpp and
ground. Further, the gate terminal of the driver transistor
114 is connected to the node Vx, and thus to the upper
plate of the capacitor 108, so that the driver-side pixel-
data storage element 108 controls the driver transistor
114.

[0038] The driver-side storage element 108 is in the
example of Fig. 1A a capacitor 108. It is connected be-
tween the node V, and ground, i.e., between a source or
drain terminal of the selection transistor 106 opposite to
the data line 105, and to the source terminal of the driver
transistor 114, opposite to the self-emitting pixel element
112. In other embodiments, the driver-side storage ele-
ment 108 may be connected to the drain terminal of the
driver transistor 114.

[0039] Hereby, the driver block 110 is connectable to
the self-emitting pixel element 112 for driving the self-
emitting pixel element 112, wherein an instantaneous
brightness of the self-emitting pixel element 112 is con-
trolled based on said driver-side pixel data storage ele-
ment 108.

[0040] In the example of Fig. 1A, the pixel circuit is a
so-called 2T1C pixel circuit, comprising two transistors
106, 114 and one capacitor 108.

[0041] Fig. 1B shows a timing diagram for driving a
display comprising a plurality of pixel circuits 100 of Fig.
1A.

[0042] As typical in a display, pixels may be organized
in columns and rows. Data lines DATA1, DATAZ2,
DATAS... may run vertically through the display, while
selection lines SEL1, SEL2, SEL3... may run horizontally
through the display. Thus, a specific selection line selects
a corresponding line of pixels in the display, while the
individual pixels of that line then may be addressed
through the data lines.

[0043] Thus, pixel data may be refreshed by sequen-
tially selecting each selection line, while applying a cor-
responding pixel data voltage to each data line. This is
exemplified for a single data line DATA. in Fig. 1B, cor-
responding to a specific column of pixels. The timing di-
agram is provided for the updating of pixel data of two
consecutive frames (frame a and frame b). Schematically
shown are voltages on selection lines SEL1, SEL2, ...,
SEL N and on nodes Vx1, Vx2, ..., VxN, i.e., the Vx node
of the respective pixel circuit.

[0044] As can be seen, pixel data d1_a is input on the
DATAI line while asserting the selection line SEL1. Here-
by, d1_a shows up on Vx1. The procedure is repeated
with pixel data d2_a while asserting the selection line
SEL2, and so on.

[0045] In the pixel circuit asserting the selection line
connected to the pixel in question, and inputting a pixel
data voltage on the dataline, will result in the data voltage

10

15

20

25

30

35

40

45

50

55

being provided to node Vx, thereby charging the driver-
side pixel data storage element 108 capacitor and imme-
diately being visible in the pixel, since, in the pixel circuit
100 of Fig. 1A, the instantaneous brightness of said self-
emitting pixel element of the respective pixel is controlled
based on the respective driver-side pixel data storage
element. Through this non-simultaneous updating, im-
age tearing may be visible.

[0046] Fig. 2A shows a pixel circuit 200. The pixel cir-
cuit 200 is particularly useful for analog pixel driving, but
may also be used for digital driving. Similarly to Fig. 1A,
there is shown a pixel circuit 200, which may form part
of a display comprised of self-emitting pixel elements,
such as an AMOLED display or an AMLED display. The
display may be an active matrix (AM) display.

[0047] The pixelcircuit200 comprises a selection block
102, adriver-side storage element 108, and adriver block
110, and is connectable to a self-emitting pixel-element
112, such as an LED, OLED, or pLED.

[0048] Furthermore, and in addition to the pixel circuit
100 of Fig. 1A, the pixel circuit 200 comprises an inter-
mediate storage block 202, connected between the se-
lection block 102 and the driver-block 110, as will be elab-
orated further upon below.

[0049] The selection block 102 is connected to a se-
lection line SEL 104 and to a data line DATA 105. In the
shown implementation, the selection block comprises a
selection transistor 106, where a gate terminal of the se-
lection transistor 106 is connected to the selection line
104, so that the selection transistor 106 is controlled by
the selection line 104, and where a source or drain ter-
minal of the selection transistor 106 is connected to the
data line 105. Thereby, the selection block 102 is config-
ured to receive pixel data on the data line 105 upon as-
sertion of the selection line 104.

[0050] Instead of being connected directly to the node
V, (cf. Fig. 1A), the other source or drain terminal of the
selection transistor 106 is connected at a node Vint to
the intermediate storage block 202, and in particular to
the intermediate pixel data storage element 208.

[0051] It should be noted that the present inventive
concept is by no means limited to the selection block
being comprised of a single selection transistor 106.
Rather, other designs, for example, comprising several
transistors and/or logic gates, etc., as known by the
skilled person, are equally possible.

[0052] In the example of Fig. 2A, the driver block 110
comprises a driver transistor 114 connectable in series
with the self-emitting pixel element 112 between a supply
voltage Vpp and ground. Further, the gate terminal of the
driver transistor 114 is connected to the node V,.
[0053] The driver-side storage element 108 is in the
example of Fig. 2A capacitor 108. Itis connected between
the node V, and ground, i.e., between the intermediate
storage block 202 and the source terminal of the driver
transistor 114 opposite to the self-emitting pixel element
112.

[0054] Hereby, the driver block 110 is connectable to
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the self-emitting pixel element 112 for driving the self-
emitting pixel element 112, wherein an instantaneous
brightness of the self-emitting pixel element 112 is con-
trolled based on said driver-side pixel data storage ele-
ment 108. Naturally, other pixel driving arrangements as
known by the skilled person are equally possible.
[0055] As mentioned above, the intermediate storage
block 202 is connected between the selection block 102
and the driver block 110. More specifically, the interme-
diate storage block 202 is connected at the node V,,; to
the selection block 102. Further, the intermediate storage
block 202 is connected to the driver block 110 at the node
V.

[0056] The intermediate storage block 202 comprises
an intermediate pixel data storage element 208, a latch
transistor 206 and a forwarding transistor 210.

[0057] Inthe example of Fig. 2A, the intermediate pixel
data storage element is a capacitor 208. The intermedi-
ate pixel data storage element 208 is connected at the
node V;,; to the selection block 102, and to ground.
[0058] Hereby, since the selection block 102 is config-
ured to receive pixel data on the data line 105 upon as-
sertion of the selection line 104, upon assertion of the
selection line 104, the voltage on the data line 105 will
charge the intermediate pixel data storage element 208.
[0059] Further, the intermediate storage block 202 is
connected to the driver-side pixel data storage element
108 at the node V,, and to a latch line LATCH 204.
[0060] Inthe example of Fig. 2A, the intermediate stor-
age block 202 comprises a latch transistor 206 connected
at a gate terminal to the latch line 204, so that the latch
line 204 controls the latch transistor 206. The latch tran-
sistor is at a drain terminal connected to the supply volt-
age Vpp and at its source terminal to a drain terminal of
the forwarding transistor 210.

[0061] The gate terminal of the forwarding transistor
210 is connected to the selection block 102 and the in-
termediate pixel data storage element 208 through the
node V.. Hereby, the forwarding transistor 210 is con-
trolled by the voltage present on the upper plates of the
intermediate pixel data storage element 208. Thus, the
forwarding transistor is configured as a source-follower.
[0062] At a source terminal opposite to the drain ter-
minal connected to the latch transistor 204, the forward-
ing transistor 210 is connected to the driver-side pixel
data storage element 108 through the node V,.

[0063] Thus, through this arrangement, the pixel circuit
is configured so that the pixel data input on said data line
is transferred to said intermediate pixel data storage el-
ement upon assertion of the selection line 104, and so
that pixel data is transferred from the intermediate pixel
data storage element 208 to the driver-side pixel data
storage element 108 upon assertion of the latch line 204.
The skilled person could naturally contemplate other ar-
rangement for configuring this functionality.

[0064] An example of operation of the pixel circuit 200
will now be exemplified with reference to the timing dia-
gram of Fig. 2B for driving a display comprising a plurality
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of pixel circuits 200 of Fig. 2A. In conjunction herewith,
a method example of updating a display comprised of
pixels each associated with a respective pixel circuit 200
will be disclosed. While exemplified herein for the pixel
circuit 200 of Fig. 2A, the method example is equally valid,
mutatis mutandis, for displays comprising the pixel cir-
cuits 300 if Fig. 3 (see below) or 400 of Fig. 4 (also see
below).

[0065] Fig.2C shows adisplay 280 comprised of pixels
each associated with a respective pixel circuit 200. Just
as explained above in conjunction with Fig. 1B, pixels
may be organized in columns and rows. Data lines
DATA1, DATA2, DATAS... DATAM may run vertically
through the display, while selection lines SEL1, SEL2,
SEL3... SELN may run horizontally through the display.
Thus, a specific selection line selects a corresponding
row of pixels in the display, while the individual pixels of
that line then may be addressed through the data lines.
Thus, such a row corresponds to a subset of pixels in the
display. Furthermore, each pixel circuit 200 may be con-
nected to a same latch line LATCH.

[0066] Through the respective intermediate pixel data
storage blocks in each pixel circuit 200, the pixels may
be sequentially updated with respective pixel data, such
as a respective analog data voltage, i.e., the voltage on
the internal node V;,; (cf. Fig. 2A), at the upper plate of
the intermediate pixel data storage element 208 in the
pixel circuit may be refreshed like in the 2T1C pixel circuit
of Fig. 1A. Thus, in a pixel data update procedure, pixel
data may be refreshed by sequentially selecting each
selection line, while applying a corresponding pixel data
voltage to each data line.

[0067] However, furthermore, when all data stored in
intermediate pixel data storage elements 208 of each
pixel circuit has been refreshed, the global, i.e., common,
LATCH line 204, common to each pixel circuit of the dis-
play may be activated, allowing the voltage stored in the
intermediate pixel data storage element 208 to pass to
the driver-side pixel data storage element 108 and driver
block 110.

[0068] The method example may be implemented in a
display controller 282, connected to each data line DATAI
105, each selection line SELj 104 and the single latch
line LATCH 204. Further, there may be provided a non-
transitory computer-readable storage medium having
stored thereon instructions for implementing the method,
when executed on a device having processing capabili-
ties.

[0069] This is exemplified for a single data line DATAI
in Fig. 2B, corresponding to a specific column of pixels.
The timing diagram is provided for reading in new data
of two consecutive frames (frame a and frame b). Sche-
matically shown are voltages on selection lines SEL1,
SEL2, ..., SEL N, on nodes Vx1, Vx2, ..., VxN, i.e., the
V, node of the respective pixel circuit 200, and on nodes
Vint1, Vint2, ..., VintN i.e., the V;,; node of the respective
pixel circuit 200.

[0070] Ascan be seen, at 250, pixel datad1_ais input
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on the DATAI line while asserting the selection line SEL1.
Hereby, d1_a shows up on V,,;;. Simultaneously, other
pixel data may be input on the other DATA lines (not
shown in Fig. 2B), with all pixel circuits connected to the
SEL1 line forming a subset of pixel circuits in the form of
a row of the display. Thus, asserting the selection line
SEL1 is asserted for each pixel circuit in the subset of
pixel circuits of the plurality of pixel circuits formed by the
row.

[0071] At252,the procedureisrepeated with pixel data
d2_awhile asserting the selection line SEL2 correspond-
ing to a next row of the display, and so on.

[0072] In the pixel circuit asserting the selection line
connected to the pixel in question, and inputting a pixel
data voltage on the data line, will result in the pixel data
being provided to the respective node V;,;, thereby charg-
ing the intermediate pixel data storage element 208 ca-
pacitor. Thus, contrary to the situation with the pixel circuit
100, the pixel data thus input will not be immediately vis-
ible in the pixel. Instead, it is only stored in the interme-
diate pixel-data storage element 208, while the instanta-
neous brightness of the self-emitting pixel element of the
respective pixel remains unchanged.

[0073] At 254 with all pixel data having been input for
frame a, the common LATCH line may be asserted, i.e.,
simultaneously, for each pixel circuit of the plurality of
pixel circuits, asserting said LATCH line. This results in
a simultaneous updating of all pixels.

[0074] At 256, the above steps 250, 252, and 254 be
repeated for the subsequent frame b.

[0075] Fig. 3 shows a pixel circuit suitable for employ-
ing digital pixel driving. Similarly to Figs 1A and 2A, there
is shown a pixel circuit 300, which may form part of a
display comprised of self-emitting pixel elements, such
asan AMOLEDdisplay oran AMLED display. The display
may be an active matrix (AM) display.

[0076] The pixel circuit 300 comprises a selection block
102, adriver-side storage element 108, and a driver block
110 and is connectable to a self-emitting pixel-element
112, such as an LED, OLED, or pLED. Furthermore, just
as in Fig. 2A, the pixel circuit 300 comprises an interme-
diate storage block 202, connected between the selec-
tion block 102 and the driver-block 110, as will be elab-
orated further upon below.

[0077] Just as in Figs 1A and 2A, the selection block
102 is connected to a selection line 104 and to a data
line 105. In the shown implementation, the selection
block comprises a selection transistor 106, where a gate
terminal of the selection transistor 106 is connected to
the selection line 104, so that the selection transistor 106
is controlled by the selection line 104, and where a source
or drain terminal of the selection transistor 106 is con-
nected to the data line 105. Thereby, the selection block
102 is configured to receive pixel data on the data line
105 upon assertion of the selection line 104. The other
source or drain terminal of the selection transistor 106 is
connected ata node V;; to the intermediate storage block
202, and in particular to the intermediate pixel data stor-
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age element 208.

[0078] It should be noted that the present inventive
concept is by no means limited to the selection block
being comprised of a single selection transistor 106.
Rather, other designs, for example, comprising several
transistors and/orlogic gates, etc, as known by the skilled
person, are equally possible.

[0079] In the example of Fig. 3, just as in Figs 1A and
2A the driver block 110 comprises a driver transistor 114
connectable in series with the self-emitting pixel element
112 between a supply voltage Vpp and ground. Further,
the gate terminal of the driver transistor 114 is connected
to the inverter 302.

[0080] The driver-side storage element 108 is in the
example of Fig. 3 a capacitor 108. It is connected be-
tween the node Vx and ground, i.e., between the inter-
mediate storage block 202 and the source terminal of the
driver transistor 114 opposite to the self-emitting pixel
element 112.

[0081] Through the above, the driver block 110 is con-
nectable to the self-emitting pixel element 112 for driving
the self-emitting pixel element 112, wherein an instanta-
neous brightness of the self-emitting pixel element 112
is controlled based on said driver-side pixel data storage
element 108. Naturally, other pixel driving arrangements
as known by the skilled person are equally possible.
[0082] As mentioned above, just asin Figs 1A and 2A,
the intermediate storage block 202 is connected between
the selection block 102 and the driver block 110. More
specifically, the intermediate storage block 202 is con-
nected atthe node V,; to the selection block 102. Further,
the intermediate storage block 202 is connected to the
driver block 110 at the node V,.

[0083] In the pixel circuit 300 of Fig. 3, and differently
from the pixel circuit 200 of Fig. 2A, the intermediate stor-
age block 202 comprises an intermediate pixel data stor-
age element 208 and a latch transistor 206.

[0084] In the example of Fig. 3, the intermediate pixel
data storage element is a capacitor 208. The intermedi-
ate pixel data storage element 208 is connected at the
node V;,; to the selection block 102, and to ground.
[0085] Hereby, as in Figs 1A and 2A, since the selec-
tion block 102 is configured to receive pixel data on the
data line 105 upon assertion of the selection line 104,
upon assertion of the selection line 104, the voltage on
the data line 105 will charge the intermediate pixel data
storage element 208.

[0086] Further, the intermediate storage block 202 is
connected to the driver-site pixel data storage element
108 at the node V,, and to a latch line 204.

[0087] The latch transistor 206 is connected at its gate
terminal to the latch line 204, so that the latch line 204
controls the latch transistor 206. Furthermore, the latch
transistor 206 is at a source or drain terminal connected
at the note V,; to the selection transistor 106 of the se-
lection block 102 and to the upper plate of the interme-
diate pixel data storage element 208. At the other source
or drain terminal, the latch transistor 206 is connected at
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the node V, to the upper plate of the driver-side pixel
data storage element 108 and an inverter 302. The in-
verter 302 is further connected to the gate terminal of the
driver transistor 114, so that the driver-side pixel-data
storage element 108 controls the driver transistor 114
through the inverter 302.

[0088] The inverter 302 serves to keep the full signal
swing at the driving block 110. This inverter could be
replaced by another logic gate, such as, e.g., a buffer.
Thus, generally, the driver-side pixel data storage ele-
ment may be connected to a logic gate, and the logic
gate may be connected to the driver block. Another ex-
ample will be given below in conjunction with Fig. 4.
[0089] Thus, also through this arrangement, the pixel
circuit is configured so that the pixel data input on the
data line is transferred to the intermediate pixel data stor-
age element upon assertion of the selection line 104, and
so that pixel data is transferred from the intermediate
pixel data storage element 208 to the driver-side pixel
data storage element 108 upon assertion of the latch line
204. The skilled person could naturally contemplate other
arrangement for configuring this functionality, as known
in the art.

[0090] The pixel circuit 300 of Fig. 3 is suitable for use
when the data voltage applied to the pixel is a digital
voltage, e.g., when using PWM digital signals to set gray
levels. The new data is read into the storage element like
in the pixel circuit 200 of Fig. 2A, but the circuitry to allow
passing the data when the latch signal is activated is
different. Nevertheless, the principle as per the present
inventive concept remains the same.

[0091] Fig. 4 shows a pixel circuit 400. The pixel circuit
400 is identical to the pixel circuit 300 of Fig. 3, with the
exception that the inverter 302 of the pixel circuit 300 of
Fig. 3 has been replaced with a NOR gate 402, which at
an output is connected to the gate terminal of the driver
transistor 114 of the driver block 110. Further, at one of
its inputs, the NOR gate 402 is connected to the inter-
mediate pixel data storage block 202 at the node V,. Fur-
ther, a second input of the NOR gate is connected to a
reset line 406.

[0092] The inverter is replaced by another logic gate,
more specifically the NOR gate, allowing both simulta-
neously updating digital data voltages for all pixels and
resetting all pixels simultaneously.

[0093] Instead of a NOR gate, the use of a NAND gate
is equally possible, in particular in the case of using
PMOS transistors.

[0094] Itshould be noted that additional buffers, invert-
ers, or other logical gates may be inserted in the sche-
matics for digital driving (Figs 3 and 4) to improve signal
integrity. When the latch line 204 is asserted, there will
be charge redistribution between the two capacitances
108, 208 on either side of the latch transistor 206. With
adequately designed capacitances, this may be manage-
able. Otherwise an additional buffer/inverter may be in-
serted, e.g. between the intermediate pixel data storage
element capacitor 208 and the latch transistor 206.
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[0095] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.
[0096] In particular, although this description discloses
a limited number pixel circuits, it should be noted that
many different embodiments are possible without going
beyond the scope of the invention. For example, the
scope of the present inventive concept is not limited to
n-type transistor pixel circuits, but can also be applied to
p-type or mixed (CMOS) transistor pixel circuits. Moreo-
ver, the present inventive concept is not limited to the
disclosed relatively simple pixel circuits, but can also be
applied to more complex pixel circuits, as contemplatable
by the skilled person, within the scope of the claims.

Claims

1. A pixel circuit (200, 300, 400) integrable as part of a
display (280), said pixel circuit (200, 300, 400) com-
prising:

a selection block (102) connected to a selection
line (104) and to a dataline (105) and configured
toreceive pixel data on said data line (105) upon
assertion of said selection line (104);

a driver-side pixel data storage element (108);
and

a driver block (110) connectable to a self-emit-
ting pixel element (112) for driving said self-emit-
ting pixel element (112), wherein an instantane-
ous brightness of said self-emitting pixel ele-
ment (112) is controlled based on said driver-
side pixel data storage element (108),

said pixel circuit (200, 300, 400) being character-
ized by further comprising:

an intermediate storage block (202) comprising an
intermediate pixel data storage element (208) and
connected to said selection block (102), to said driv-
er-side pixel data storage element (108), and to a
latch line (204), wherein said pixel circuit (200, 300,
400) is configured so that the pixel data input on said
dataline (105) is transferred to said intermediate pix-
el data storage element (208) upon assertion of said
selection line (104), and so that pixel data is trans-
ferred from said intermediate pixel data storage el-
ement (208) to said driver-side pixel data storage
element (108) upon assertion of said latch line (204).

2. The pixelcircuitof claim 1, wherein said intermediate
storage block (202) comprises a latch transistor

(206) controlled by said latch line (204).

3. The pixel circuit of claim 2, wherein said intermediate
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storage block (202) further comprises a forwarding
transistor (210), wherein said latch transistor (206)
is connected to a supply voltage and to said forward-
ing transistor (210) and said forwarding transistor
(210) is controlled by said intermediate pixel data
storage element (208) and further is connected to
said driver-side pixel data storage element (108).

The pixel circuit of claim 2, wherein said latch tran-
sistor (206) is connected to said intermediate pixel
data storage element (208) and to said driver-side
pixel data storage element (108).

The pixel circuit of claim 4, wherein said driver-side
pixel data storage element (108) is connected to a
logic gate (302, 402), and said logic gate (302, 402)
is connected to said driver block (110).

The pixel circuit of claim 4, wherein said logic gate
(302) is a buffer or inverter.

The pixel circuit of claim 4, wherein said logic gate
(402) is a NOR gate or NAND gate connected to a
reset line.

The pixel circuit of any one of claims 1-7, wherein
said selection block (102) comprises a selection tran-
sistor (106) controlled by said selection line (104)
and connected to said data line (105) and to said
intermediate pixel data storage element (208).

The pixel circuit of any one of claims 1-8, wherein
said driver block (110) comprises a driver transistor
(114) connectable in series with said self-emitting
pixelelement(112)and controlled by said driver-side
pixel-data storage element (108).

The pixel circuit of any one of claims 1-9, wherein
said intermediate pixel data storage element (208)
and/or said driver-side pixel data storage element
(108) is a capacitor.

Adisplay (280) comprising a plurality of pixel circuits
(200, 300, 400) according to any one of claims 1-10.

A method of updating the display according to claim
11, said method comprising:

performing a pixel data update procedure, said
procedure comprising simultaneously asserting
(250) said selection line for each pixel circuit in
a subset of pixel circuits of said plurality of pixel
circuits while inputting pixel data on each re-
spective data line of each pixel circuit of said
subset of pixel circuits, wherein said pixel data
update procedure is repeated (252), sequential-
ly in time, for different subsets of said plurality
of pixel circuits; and, thereafter,

(]
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13.

14.

15.

simultaneously, for each pixel circuit of said plu-
rality of pixel circuits, asserting (254) said latch
line.

The method of claim 12, wherein each said subset
corresponds to a row of pixels in said display.

A display controller (282) configured to carry out the
method of any one of claims 12-13.

A non-transitory computer-readable storage medi-
um having stored thereon instructions forimplement-
ing the method according to any one of claims 12-13,
when executed on a device having processing ca-
pabilities.
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Application Number

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-4, 8-15

The first invention concerns a device as claimed in claim 1,
i.e. a pixel circuit integrable as part of a display, said
pixel circuit comprising: a selection block connected to a
selection line and to a data line and configured to receive
pixel data on said data line upon assertion of said
selection line;a driver—-side pixel data storage element; and
a driver block connectable to a self-emitting pixel element
for driving said self-emitting pixel element, wherein an
instantaneous brightness of said self-emitting pixel element
is controlled based on said driver-side pixel data storage
element, said pixel circuit further comprising: an
intermediate storage block comprising an intermediate pixel
data storage element and connected to said selection block,
to said driver-side pixel data storage element, and to a
latch line, wherein said pixel circuit is configured so that
the pixel data input on said data line is transferred to
said intermediate pixel data storage element upon assertion
of said selection line, and so that pixel data is
transferred from said intermediate pixel data storage
element to said driver-side pixel data storage element upon
assertion of said latch line, wherein, as claimed in claim
3, said intermediate storage block further comprises a
forwarding transistor, wherein said latch transistor is
connected to a supply voltage and to said forwarding
transistor and said forwarding transistor is controlled by
said intermediate pixel data storage element and further is
connected to said driver-side pixel data storage element.

2. claims: 5-7

The second invention concerns a device as claimed in claim 1
(see the first invention for further details), wherein, as
claimed in claim 5, said driver-side pixel data storage
element is connected to a logic gate, and said logic gate is
connected to said driver block.
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