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METHOD AND SYSTEM FOR DRIVING
LIGHT EMITTING DISPLAY

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF INVENTION

The present invention relates to a display system, more
specifically to a method and system for driving light emiat-
ting displays.

BACKGROUND OF THE INVENTION

A display device having a plurality of pixels (or subpix-
¢ls) arranged 1in a matrix has been widely used 1n various
applications. Such a display device includes a panel having
the pixels and peripheral circuits for controlling the panels.
Typically, the pixels are defined by the intersections of scan
lines and data lines, and the peripheral circuits include a gate
driver for scanning the scan lines and a source driver for
supplying image data to the data lines. The source dniver
may include gamma corrections for controlling gray scale of
cach pixel. In order to display a frame, the source driver and
the gate driver respectively provide a data signal and a scan
signal to the corresponding data line and the corresponding
scan line. As a result, each pixel will display a predetermined
brightness and color.

In recent years, the matrix display has been widely
employed 1n small electronic devices, such as handheld
devices, cellular phones, personal digital assistants (PDAs),
and cameras. However, the conversional scheme and struc-
ture of the source driver and the gate driver demands the
large number of elements (e.g., resistors, switchers, and
operational amplifiers), resulting that the layout area of the
peripheral circuits 1s still large and expensive.

Therefore there 1s a need to provide a display driver that
can reduce a driver die area and thus cost, without reducing
the driver performance.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a method and
system that obviates or mitigates at least one of the disad-
vantages ol existing systems.

According to an embodiment of this disclosure, there 1s
provided a display system, which includes: a driver for
operating a panel having a plurality of pixels arranged by a
plurality of first lines and at least one second line, the driver
having: a driver output unit for providing to the panel a
single driver output for activating the plurality of first lines,
the single driver output being demultiplexed on the panel to
activate each first line.

According to an embodiment of this disclosure, there 1s
provided a display system, which includes: a driver for
operating a panel having a plurality of pixels arranged by a
plurality of data lines and at least one scan line, the driver
having: a shift register unit including a plurality of shiit
registers; a latch and shiit register unit including a plurality
of latch and shift circuits for the plurality of shiit registers,
cach storing an image signal from the corresponding shiit
register or shifting the image signal to a next latch and shift
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2

circuit; and a decoder unit including at least one decoder
coupled to one of the latch and shift circuits, for decoding
the 1image signal latched in the one of the latch and shiit
circuit to provide a driver output.

According to an embodiment of this disclosure, there 1s
provided a display system, which includes: a driver for
operating a panel having a plurality of pixels, the driver
having: a plurality of multiplexers for a plurality of oflset
gamma curve sections, each oflset gamma curve section
having a first range less than a second range of a main
gamma curve, at least one of oflset gamma curve sections
being oflset by a predetermined voltage from a correspond-
ing section of the main gamma curve; a plurality of decoders
for the plurality of multiplexers; and an output bufler for
providing a driver output based on the output from the
decoder and the predetermined voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become
more apparent from the following description 1 which
reference 1s made to the appended drawings wherein:

FIG. 1A 1llustrates a gate driver and a panel for a display
system:

FIG. 1B illustrates an example of the gate driver and the
panel of FIG. 1A;

FIG. 2 illustrates a timing chart for operating the display
system of FIGS. 1A-1B;

FIG. 3A illustrates another example of a gate driver and
a panel for a display system;

FIG. 3B 1llustrates an example of the gate driver and the
panel of FIG. 3A;

FIG. 4 illustrates a timing chart for operating the display

system ol FIGS. 3A-3B;

FIG. 5 illustrates an example of a source driver and a
panel for a display system:;

FIG. 6 1llustrates an example of operation for the display
system having RGB pixel structure;

FIG. 7 illustrates a further example of a source driver and
a panel for a display system;

FIG. 8 illustrates a further example of a source driver and
a panel for a display system having RGBW pixel structure;

FIG. 9 illustrates an example of subpixel configuration for
RGBW pixel stricture;

FIG. 10 1llustrates a further example of a source driver,
external gamma and a panel for a display system;

FIG. 11 illustrates a further example of a source driver and
a panel for a display system;

FIG. 12 illustrates a further example of a source driver
and a panel for a display system:;

FIG. 13 illustrates a source driver for a conventional
display system;

FIG. 14 1llustrates a further example of a source driver for
a display system;

FIG. 15 1llustrates a further example of a source driver for
a display system;

FIG. 16 illustrates an example of a gamma curve and
segmented oflset gamma curves;

FIG. 17 illustrates an example of a display system having
the gate driver of FIG. 1A or 3A;

FIG. 18 illustrates an example of a display system having
the source driver of FIGS. 5-12; and

FIG. 19 illustrates an example of a display system having
the source driver of FIGS. 14-15.

DETAILED DESCRIPTION

One or more currently preferred embodiments have been
described by way of example. It will be apparent to persons
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skilled 1n the art that a number of variations and modifica-
tions can be made without departing from the scope of the
invention as defined in the claims.

Embodiments in this disclosure are described using a
panel having pixels that are coupled to at least first line and
at least one second line (e.g., scan lines and data lines) and
being operated by a driver. The driver may be a driver IC
having a plurality of pins, e.g., source driver ICs, gate driver
ICs. The panel may be, for example, but not limited to, a
LCD or LED panel. The panel may be a color panel or a
monochrome panel.

In the description below, the terms “source driver” and
“data driver” are used interchangeably, and the terms “gate
driver” and “address driver” are used interchangeably. In the
description below, the terms “row™, “scan line” and “address
line” may be used interchangeably. In the description below,
the terms “column”, “data line” and “source line” may be
used interchangeably. In the description below, the terms
“pixel” and “subpixel” may be used interchangeably.

Referring to FIGS. 1A-1B, there 1s illustrated a system
100 having a gate driver 102 and a panel 110 having pixels
arranged 1n rows and columns. The system 100 includes a
mechanism for multiplexing (muxing) gate driver outputs
based on frequency reduction. In FIG. 1A, “tv” represents

the vertical trequency of the display (or row trequency), and
“M” 1s the number of muxing blocks. In FIG. 1B, “Cell #1”

represents an address cell 106, and “SEL k7 (k=(1-1)*M+1,
(1-1)*M+2, . .., -1*M+M+1, 1*M) represents a row or
a scan line coupled to the row of the panel 110. A pixel 1n
the row 1s selected by the scan line. The address cell 106
may be alogic or a flip-tlop 1n a shift register chain to output
a gate output.

The gate drniver 102 includes a driver output unit 104
having at least one address cell 106 (Cell #1). The address
cell 106 provides a single gate driver output 108 which 1s
shared by M rows. An individual gate driver output 108 from
the gate driver 102 1s active for M rows. On the panel side
110, a demultiplexer 112 (*1:M Demuxs” 1 FIG. 1A) 1s
employed for M rows. The input of the demultiplexer 112 1s
coupled to the gate driver output 108, and the outputs of the
demultiplexer 112 are coupled to M rows. In this example,
the demultiplexer 112 1s coupled to scan lines SEL (1-1)

*M+1, SEL (1-1)*M+2, . . ., and SEL 1*M. The activated
gate driver output 108 from the address cell 106 (Cell #1) 1s
assigned to each individual row 1n sequence, via the demul-
tiplexer 112.

The demultiplexer 112 1s i1mplemented using, for
example, thin film transistors, on the panel 110. The demul-
tiplexer 112 includes a plurality of switch blocks for acti-
vating M rows. In FIG. 1B, switches 116 (SET #1, SET
#2, . . ., SET #M) are shown as an example of the
components of the demultiplexer 112. The switch block 116
(SET #k: k=1, 2, . . ., M) 1s employed for the scan line SEL
(1-1)*M+k. Each switch block 116 includes a pair of
switches, one being capable of connecting the gate driver
output 108 to the corresponding scan line and the other being
capable of connecting VGL to the corresponding scan line.
VGL may be a ground level voltage. Each scan line SEL
(1-1)*M+k turns to be on the VGL level or the activated gate
driver output 108 via the corresponding switch block 116
(SET #k). Each switch block 116 (SET #k) 1s controlled by
the corresponding control signal CTRL (k). In FIG. 3B, the
scan line SEL (1-1)*M+k 1s selected (becomes active) by the
control signal CTRL (k). By operating the demultiplexer 112
with the control signals CTRL (1)-CTRL (M), the number of
the gate driver outputs and address cells 1s reduced by a

factor of M.
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In FIG. 1B, one address cell 116 1s shown as an element
of the driver output umit 104; however, the number of the
address cells may vary. In FIG. 1B, M rows (scan lines) are
shown; however, the panel 110 may include a plurality of
groups of rows where the 1th group has M rows and 1is
operated by the 1th address cell (Cell #1). One of ordinary
skill 1n the art would appreciate that the gate driver 102 and
the panel 110 may include components not shown 1in the
FIGS. 1A-1B.

Referring to FIGS. 1A, 1B and 2, the operation of a
display having the gate driver 102 and the panel 110 1is
described. Each of the controlling signals CTRL (1)-CTRL
(M) for controlling the demultiplexing on the panel 110
works at the normal gate frequency. When the display
programming reaches the row SEL (1-1)*M+1, the control
signal CTRL (1) for that row 1s high, resulting that the
address cell 106 for the ith block (Cell #1) of rows 1is
connected to SEL (1-1)*M+1. Thus, that row SEL (1-1)
*M+1 1s selected and the image data can be written 1n the
pixels of the row.

After the programming of the row SEL (1-1)*M+1, the
next control signal CTRL (2) 1s high, resulting that the next
row SEL (1-1)*M+2 becomes active. This continues till the
entire display 1s programmed (end of a frame).

If a row 1s not active, the control signal related to that row
1s low or the address cell related to that row 1s not active.
Thus, the row 1s connected to VGL which will disconnect
the pixels in that row from the gate driver 102.

Referring to FIGS. 3A-3B, there 1s 1llustrated a system
130 having a gate driver 132 and a panel 140 having pixels
arranged 1 rows and columns. The system 130 has a
mechanism for reducing the number of gate driver outputs
and reducing the operation frequency of demultiplexing
control signals on the panel side. In FIG. 3A, “Iv” represents
the vertical frequency of the display (or row frequency). In
FIG. 3B, “Cell #1” (=1, 1+1, 142, 1+3) represents an address
cell, and “SEL kK (k=1, 1+1, 142, 1+3) represents a row or a
scan line coupled to the row of the panel 140. A pixel 1n the
row 1s selected by the scan line. The address cell may be a
logic or a tlip-tlop 1n a shift register chain to output a gate
output.

In the system 130, gate driver output signals are multi-
plexed on the gate driver 132 side, and the outputs from the
gate driver 132 are demultiplexed on the panel 140 side.

The gate driver 132 includes a driver output unit 133
having a plurality of multiplexers for a plurality of address
cells. Each address cell provides a gate driver signal, and
cach multiplexer multiplexing the gate driver signals and
outputs a single gate driver output. In FIG. 3B, four address
cells 138a-138d (Cell #1, Cell #1+1, Cell #1+2, and Cell #1+43)
are shown as an example of the address cells 1n the gate
driver 132. In FIG. 3B, two multiplexers 134a and 134b are
shown as an example of multiplexing the gate driver signals.
The multiplexers 134a and 134b are controlled by a control
signal 1ICTRL. The multiplexer 134a 1s coupled to the
address cells 138a and 138c¢ (Cell #1 and Cell #1+2) and
outputs a gate output signal 136a that corresponds to either
address cell 138a or 138c (Cell #1 or Cell #1+2). The
multiplexer 134b 1s coupled to the address cells 138b and
138d (Cell #1+1 and Cell #143) and outputs a gate output
signal 136b that corresponds to either address cell 138b or
138d (Cell #1+1 or Cell #1+43).

The panel 140 includes a multiplexer 142 (“1:M Demuxs”
in FIG. 3A) coupling to the gate driver outputs and a
plurality of rows. The demultiplexer 142 1s implemented
using, for example, thin film transistors, on the panel 140.
The demultiplexer 142 includes a plurality of switch group
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blocks, each coupling to the gate driver multiplexers. In FIG.
3B, two switch group blocks 146a and 146b (SET #1 and
SE'T #2) are shown as an example of the components of the
demultiplexer 142. On the panel side 140, the activated gate
driver outputs 136a and 136b are asmgned of the switch 5
group blocks 146a and 146b.

Each switch group block in the panel 140 includes a
plurality of switch blocks 148. In FIG. 3B, each of the switch
group blocks 146a and 146b includes two switch blocks 148,
one being capable of coupling one gate driver output 136a 10
to one scan line and the other being capable of coupling the
other gate driver output 136b to the other scan line. The
switch block 148 includes a pair of switches, one being
capable of coupling the gate driver output to the correspond-
ing scan line and the other being capable of coupling VGL 15
to the corresponding scan line. VGL may be a ground level
voltage. The switch block 148 1n the switch group block
(SET #k: k=1, 2, . . . ) 1s controlled by the corresponding
control signal CTRL (k). Each scan line turns to be on the
VGL level or the corresponding activated gate driver output 20
136a or 136b via the corresponding switch block 148. In
FIG. 3B, the scan lines SEL (1) and SEL (1+1) are selected
(become active) by the control signal CTRL (1), and the scan
lines SEL (1+42) and SEL (1+3) are selected (become active)
by the control signal CTRL (2). 25

In FIG. 3B, the multiplexing (muxing) and demultiplex-
ing (demuxing) operations are executed for two rows, how-
ever, the multiplexing and demultiplexing operations may be
executed for more than two rows. In FIG. 3B, four address
cells are shown as an element of the driver output umt 133; 30
however, the number of the address cells 1s not limited to
four and may vary. In FIG. 3B, rows (scan lines) are divided
into two groups, each having two rows; however, the num-
ber of groups and the number of rows 1n each group are not
limited to two and may vary. One of ordinary skill in the art 35
would appreciate that the gate driver 132 and the panel 140
may include components not shown in the FIGS. 3A-3B.

In this structure, the physical multiplexing 1s used at the
gate driver side 132. As a result, the number of address cells
remains the same while the number of gate driver outputs 1s 40
reduced by a factor of multiplexing blocks. The number of
rows 1n each set (SET #k) can be increased for further
reduction in output of the gate driver and the frequency of
the control signals. Since multiple gate driver outputs can be
active, the operation frequency of the demultiplexing control 45
signals 1s reduced.

Referring to FIGS. 3A, 3B and 4, the operation of a
display having the gate driver 132 and the panel 140 1is
described. When the display programming reaches the rows
SEL (1) and SEL (1+1), the control signal CTRL (1) for those 50
rows 1s high (150), resulting that the gate driver output 136a
1s coupled to the row SEL (1) and the gate driver output 136b
1s coupled to the row SEL (1+1). At this period (150), the
control signal 1CTRL 1s 1n one state (e.g., low). The gate
driver output 136a corresponds to the output from the 55
address cell 138a (Cell #1) and the gate driver output 136b
corresponds to the output from the address cell 138b (Cell
#1+1). The 1mage data can be written 1n the pixels of the
selected rows SEL (1) and SEL (1+1).

After the programming of the rows SEL (1) and SEL (1+1), 60
the next control signal CTRL (2) 1s lhugh (152), resulting that
the next rows SEL (1+2) and SEL (1+3) become active. At
this period (152), the control signal iICTRL 1s in the other
state (e.g., high). The gate driver output 136a corresponds to
the output from the address cell 138¢ (Cell #1+2) and the 65
gate driver output 136b corresponds to the output from the
address cell 138d (Cell #1+3). The image data can be written

6

in the pixels of the selected rows SEL (1+2) and SEL (1+3).
This continues ti1ll the entire display 1s programmed (end of
a Irame).

I a row 1s not active, the control signal related to that row
1s low or the address cell related to that row 1s not active.
Thus, the row 1s connected to VGL which will disconnect
the pixels 1n that row from the gate driver 132.

Retferring to FIG. 5, there 1s illustrated a system 160
having a source driver 162 and a panel 180 having subpixels
for RGB. Most of light emitting displays employ different
gammas (or gamma corrections) for different subpixels,
which use different decoders for different outputs. In the
system 160, gammas (gamma corrections, gamma voltages)
are multiplexed on the source driver 162 side. In the
description, the terms “gamma’, “gamma correction” and
“oamma voltages” may be used interchangeably. One of
ordinary skill 1n the art would appreciate that the source

driver 162 and the panel 180 may include components not
shown 1n FIG. 5.

The source driver 162 includes a driver output unit 164
having a CMOS multiplexer 166 and a CMOS digital to
analog converter (DAC) 170. The multiplexer 166 multi-
plexes a Red gamma correction 168a, a Green gamma
correction 168b and a Blue gamma correction 168c. The
DAC 170 includes a decoder. In the description, the terms
“DAC” and “DAC decoder” may be used interchangeably.

Each of the gamma corrections 168a, 168b and 168c
provides a reference voltage to the DAC 170. The reference
voltage 1s selected based on the dynamic range of the DAC
decoder 170. The reference voltage at the gamma correction
block may be generated using, for example, resistors, or be
stored using, for example, registers.

The output from the multiplexer 166 1s provided to the
DAC 170. The multiple gammas share one decoder in the
DAC 170. The DAC decoder 170 operates on an output {from
a multiplexer 172. The multiplexer 172 multiplexes a Red
register (reg) 174a for storing image data for Red, a Green
register (reg) 174b for storing image data for Green, and a
Blue register (reg) 174c¢ for storing image data for Blue. The
CMOS DAC 170 provides a single source driver output 174.

A demultiplexer 182 1s employed on the panel 180 side to
demultiplex the driver output 174 from the source driver
162. The demultiplexer 182 1s implemented using, for
example, thin {ilm transistors, on the panel 180. The outputs
from the demultiplexer 182 are couples to three data lines.
The driver output 174 1s demultiplexed 182 on the panel 180
side and goes to diflerent subpixels (1.e., Red subpixel, Blue
subpixel and Green subpixel).

In the system 160, the output of the source driver 162 1s
multiplexed to reduce the number of driver pins and demul-
tiplexed at the panel 180. To further improve the size of the
driver area, the multiplexing 1s executed at few stage earlier
at the gamma selection and DAC inputs. For example, when,
the Red pixels are being programmed at the panel 180, the
Red data (Red register 174a) and the red gamma 168a are
assigned to the DAC 170.

The multiplexers 166 and 172 may be controlled by a
color selection control signal ColorSel. The demultiplexer
182 may be controlled by the control signal ColorSel or a
control signal associated with the multiplexing control sig-
nal ColorSel.

As shown i FIG. 6, the Red pixels, Green pixels and Blue
pixels may be programmed sequentially. It will be appreci-
ated by one of ordinary skill in the art that the programming
sequence 1s not limited to that of FIG. 6, and 1s changeable
by using the color selection control signal.
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Generally, the output range of the voltage required for the
light emitting displays 1s high and thus source drivers are to
be a rail-to-rail design for the power. Currently, this results
in using multiple CMOS decoders, leading to a larger area
source driver. Referring to FIG. 7, there 1s illustrated a
system 190 having a source driver 192 and a panel 220
having subpixels for RGB. In this system 190, multiple
gammas (gamma corrections, gamma voltages) are multi-
plexed and a DAC 1s divided into separate NMOS and
PMOS components, resulting 1n that the source driver 192
area 1s reduced. One of ordinary skill in the art would
appreciate that the source driver 192 and the panel 220 may
include components not shown in FIG. 7.

The source driver 192 includes gamma corrections for
Red, Blue and Green, each providing a reference voltage to
a DAC decoder. The reference voltage 1s selected based on
the dynamic range of the decoder. The reference voltage
may be generated using, for example, resistors, or be stored
using, for example, registers. Each gamma correction has a
high voltage level gamma correction (lugh voltage level of
gamma corrections) and a low voltage level gamma correc-
tion (low voltage level of gamma corrections). The high
voltage level of gamma corrections 1s a level from a pre-
defined reference voltage to the high point of the driver
output, and the low voltage level of gamma corrections 1s a
level from the predetermined reference voltage to the begin-
ning of the gamma voltage. The predetermined reference
voltage may be at the middle for the driver output range. For
example, 1f the driver range 1s 10V, the predetermined
reference voltage 1s 5V, the high voltage level of gamma
corrections 1s 5 to 10V; and the low voltage level of gamma
corrections 1s 0 to SV.

The source driver 192 includes a driver output unit 194
having a PMOS multiplexer 196 for the high voltage level
of gamma corrections, and a NMOS multiplexer 200 for the
low voltage level of gamma corrections. In FIG. 7, the
multiplexer 196 multiplexes a high Red gamma correction
198a, a high Green gamma correction 198b and a high Blue
gamma correction 198c, and the multiplexer 200 multi-
plexes a low Red gamma correction 202a, a low Green

gamma correction 202b and a low Blue gamma correction
202c.

The driver output unit 194 includes a DAC that 1s divided
into separate components: a PMOS component 204 (“PMOS
DAC” m FIG. 7) and a NMOS component 206 (“NMOS
DAC” 1n FIG. 7). The PMOS component 202 includes a
PMOS decoder and receives the output from the multiplexer
196. The NMOS component 206 includes a NMOS decoder
and receives the output from the multiplexer 200. The
reference voltage from the gamma correction 1s selected
based on the dynamic range of the NMOS and PMOS
decoders 1n the components 204 and 206. The PMOS and
NMOS decoders 1n the components 204 and 206 operate on
an output from a multiplexer 208 for multiplexing a Red
register 210a, a Green register 210b, and a Blue register
210c. The registers 210a, 210b and 210c¢ correspond to the
resisters 174a, 174b and 174c¢ of FIG. 5, respectively. The
multiplexers 196, 200 and 208 are controlled by a color
selection control signal ColorSel.

The driver output umit 194 includes a CMOS multiplexer
212 for multiplexing the outputs from the PMOS and NMOS
components 204 and 206. The multiplexer 212 1s operated
by an output from a multiplexer 214. The multiplexer 214
multiplexes bit signals R[j], G[1], and B[k], based on the
color selection control signal ColorSel. R[j] (GJ1], B[k]) 15 a
bit that defines when to use which part of the gamma for Red
(Green, Blue). The bit R[j] (G[1], B[K]) 1s generated based on
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the Red register 210a (210b, 210c¢) and predefined data about
the gamma curve for Red (Green, Blue), e.g., gamma values.
The multiplexer 212 outputs a single source driver output
216.

When the bit signal R[j] 1s active and the other signals are
not active, the source driver 192 outputs the driver output
216 based on either the high Red gamma correction or the
low Red gamma correction.

A demultiplexer 222 1s employed on the panel 220 side to
demultiplex the source driver output 216. The demultiplexer
222 corresponds to the demultiplexer 182 of FIG. 5. The
demultiplexer 222 1s implemented using, for example, thin
film transistors, on the panel 220. The outputs from the
demultiplexer 222 are couples to three data lines. The
demultiplexer 222 may be controlled by the control signal
ColorSel or a control signal associated with the multiplexing
control signal ColorSel. Based on the output from the
demultiplexer 222, one of three data lines i1s active. The
driver output 216 1s demultiplexed 222 on the panel 220 side
and goes to diflerent subpixels (i.e., Red subpixel, Blue
subpixel, Green subpixel).

Based on the image data, one of the low gamma correc-
tion and the high gamma correction 1s selected. For example,
if the high voltage level of gamma corrections 1s 5 to 10V,
the low voltage level of gamma corrections 1s O to 5V, and
the 1mage data requires 6 V, the high end of gamma
correction will be selected.

Based on the color selection control signal ColorSel, the
Red pixels, Green pixels and Blue pixels may be pro-
grammed sequentially, similar to that of FIG. 6. It will be
appreciated by one of ordinary skill in the art that the
programming sequence 1s not limited to that of FIG. 6, and
1s changeable by using the color selection control signal.

Instead of using a CMOS decoder that has twice as many
transistors as a PMOS or NMOS decoder for the entire range
the output voltage, the PMOS decoder 204 1s used for the
higher range and the NOMS decoder 206 for the lower range
of the voltage. Thus, the area will be reduced by using twice
less transistors.

Retferring to FIG. 8, there 1s illustrated a system 230
having a source driver 232 and a panel 270 having subpixels.
The system 230 1s applied to quad RGBW pixel structure.
Multiple gamma corrections for White, Green, Blue and Red
are multiplexed 1n the source driver 232. In the source driver
232, four diflerent gamma corrections are generated (Whate,
Green Blue and Low) for each of high voltage level and low
voltage level. One of ordinary skill in the art would appre-
ciate that the source driver 232 and the panel 270 may
include components not shown in FIG. 8.

The source driver 232 includes gamma corrections for
White, Green, Blue and Red, each providing a reference
voltage to a DAC decoder. The gamma correction may be
generated using, for example, resistors, or be stored using,
for example, registers. Each gamma correction has a high
voltage level gamma correction (high voltage level of
gamma corrections) and a low voltage level gamma correc-
tion (low voltage level of gamma corrections). As described
above, the high voltage level of gamma corrections 1s a level
from the reference voltage to the reference voltage to the
high point of the driver output, and the low voltage level of
gamma corrections 1s a level from the reference voltage to
the beginning of the gamma voltage.

The source driver 232 includes a driver output unit 270
having PMOS multiplexers 240a and 240b for high voltage
level of gamma corrections, and NMOS multiplexers 244a
and 244b for low voltage level of gamma corrections. The
multiplexer 240a multiplexes a high White gamma correc-
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tion 242a and a high Green gamma correction 242b, and the
multiplexer 240b multiplexes a high Blue gamma correction
242c¢ and a high RED gamma correction 242d. The multi-
plexer 244a multiplexes a low White gamma correction
246a and a low Green gamma correction 246b, and the
multiplexer 244b multiplexes a low Blue gamma correction
246¢ and a low RED gamma correction 246d.

The driver output unit 270 includes a PMOS multiplexer
248 for multiplexing the outputs from the PMOS multiplex-
ers 240a and 240b, and a NMOS multiplexer 2350 {for
multiplexing the outputs from the NMOS multiplexers 244a
and 244b. Based on the image data and a color selection, one
of the low gamma correction and the high gamma correction
for the selected color 1s selected.

The driver output unit 270 includes a DAC that 1s divided
into separate components; a PMOS component 252 (“PMOS
DAC” m FIG. 8) for the high voltage level of the gamma
corrections and a NMOS component 254 (“NMOS DAC” 1n
FIG. 8) for the low voltage level of the gamma corrections.
The PMOS component 252 includes a PMOS decoder and
receives the output from the multiplexer 248. The NMOS
component 2354 mcludes a NMOS decoder and receives the
output from the multiplexer 250. The reference voltage from
the gamma correction 1s selected based on the dynamic
range of the NMOS and PMOS decoders 1n the components
252 and 254.

The PMOS and NMOS decoders in the components 252
and 2354 operate on an output from a multiplexer 256 for
multiplexing a White/Blue register 258a and a Green/Red
register 258b. The White/Blue register 258a stores image
data for White/Blue. The Green/Red register 258b stores
image data for Green/Red. In the RGBW structure, each data
line carries data for two different colors. In this example, one
data line carries data for White and Blue, and the other data
line carries data for Green and Red. In one row, a data line
1s connected, for example, to White pixels (Green pixels)
while during the next row 1t 1s connected to Blue pixels (Red
pixels). As a result, the register 258a used for White and
Blue data 1s shared, and the register 258b used for Green and
Red 1s shared.

The driver output unit 270 includes a CMOS multiplexer
260 for multiplexing the outputs from the PMOS and NMOS
decoders 1n the components 252 and 254. The multiplexer
260 1s operated by a multiplexer 262 for multiplexing bit
signals G/R[1] and W/BJ[k]. W/B[k] (G/R][j]) 1s a bit that
defines when to use which part of the gamma for White or
Blue (Green or Red). The bit W/B[k (G/R[j]) 1s generated
based on the White/Blue register 258a (Green/Red register
258b) and predefined gamma values for White and Blue
(Green and Red). The multiplexer 260 provides a source
driver output 264.

When the bit signal W/B[k] 1s active, the source driver
192 outputs the source driver output 264 based on the high
White gamma correction, the low White gamma correction,
the high Blue gamma correction, the low White gamma
correction or the low Blue gamma correction.

A demultiplexer 272 1s employed 1n the panel 270 side to
demultiplex the driver output 264 from the source driver
232. The demultiplexer 272 i1s implemented using, for
example, thin {ilm transistors, on the panel 270. The outputs
from the demultiplexer 272 are couples to two data lines 274
and 276. The demultiplexer 272 1s controlled by a control
signal associated with the color selection. Based on the
output from the demultiplexer 272, one of two data lines 274
and 276 1s active. The driver output 264 1s demultiplexed
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272 on the panel 270 side and goes to different subpixels
(1.e., White subpixel, Blue subpixel, Green subpixel, Red
subpixel).

In the source driver 232, one PMOS decoder 254 1s used
for the higher range and one NOMS decoder 254 for the
lower range of the voltage. Thus, the area will be reduced by
using twice less transistors than a CMOS decoder.

In the panel 270, mstead of having four Red subpixel,
Green subpixel, Blue subpixel, and White subpixel side by
side, they are configured 1n a quad arrangement where two
subpixels for two colors are 1n one row and the other two
colors are 1n the other row. In this example, one data line 274
carries data for White and Blue subpixels 278a and 278b,
and the other data line 276 carries data for Green and Red
subpixels 278c and 278d, as shown 1n FIG. 9. The subpixels
are divided 1nto two rows and two columns. Thus the source
driver provides data for two subpixels at a time.

Referring to FIG. 10, there 1s illustrated a system 280
having a source driver 282, a panel 320 having pixels, and
external gamma bufler areca 290. The system 280 1s applied
to RGB pixel structure. Multiple gamma corrections for
Red, Green and Blue are multiplexed in the external bufler
areca 290. The external gamma bufller area 290 1s located
external to the source driver area 282 (e.g., external to the
source driver IC). The gamma voltages are generated exter-
nally and applied to the source driver 282 through butlers in
the external gamma butfler area 290. On the display side 320,
a demultiplexing 1s used to provide data for each color. One
of ordinary skill in the art would appreciate that the source
driver 282, the external gamma bufler area 290 and the panel
320 may include components not shown 1n FIG. 10.

A PMOS multiplexer 292 i1s employed 1n the external
gamma buller arca 290 for high voltage level of gamma
corrections, and a NMOS multiplexer 294 1s employed in the
external gamma bufller area 290 for low voltage level of
gamma corrections. The multiplexer 292 multiplexes a high
Red gamma correction 296a, a high Green gamma correc-
tion 296b and a high Blue gamma correction 296c¢, and the
multiplexer 294 multiplexes a low Red gamma correction
298a, a low Green gamma correction 298b and a low Blue
gamma correction 298c. The gamma corrections 296a, 296b
and 296c¢ correspond to the gamma corrections 198a, 198b
and 198c of FIG. 7, respectively and are located outside the
source driver 282. The gamma corrections 298a, 298b and
298¢ correspond to the gamma corrections 202a, 202b and
202¢ of FIG. 7, respectively and are located outside the
source driver 282. The PMOS and NMOS multiplexers 292
and 294 correspond to the multiplexers 196 and 200 of FIG.
7, respectively and are located outside the source driver 282.
The outputs from the PMOS and NMOS multiplexers 292
and 294 are provided to the source driver 282.

The source driver 282 includes a driver output unit 284.
The driver output unit 284 includes a DAC that 1s divided
into separate components: a PMOS component 300 (“PMOS
DAC” 1n FIG. 10) and a NMOS component 302 (“NMOS
DAC” 1n FIG. 10). The PMOS and NMOS components 300
and 302 correspond to the PMOS and NMOS components
204 and 206 of FIG. 7, respectively. The PMOS component
300 includes a PMOS decoder and receives the output from
the multiplexer 292. The NMOS component 302 includes a
NMOS decoder and receirves the output from the multiplexer
294. The PMOS and NMOS decoders in the components
300 and 302 operate on an output from a multiplexer 304 for

multiplexing a Red register 306a, Green register 306b and
Blue register 306c. The resisters 306a, 306b and 306b
correspond to the registers 210a, 210b and 210c¢ of FIG. 7,

respectively.
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The driver output unit 284 includes a CMOS multiplexer
308 for multiplexing the outputs from the PMOS and NMOS
components 300 and 302. The multiplexer 308 1s operated
by a multiplexer 310 for multiplexing bit signals R[j], G[i]
and B[k]. The multiplexers 308 and 310 correspond to the
multiplexers 212 and 214 of FIG. 7, respectively. The
multiplexer 308 outputs a single source driver output 316.

A demultiplexer 322 1s employed on the panel 320 side to
demultiplex the driver output 264 from the source driver
282. The demultiplexer 322 corresponds to the demulti-
plexer 182 of FIG. 5. The demultiplexer 322 1s implemented
using, for example, thin film transistors, on the panel 320.
The outputs from the demultiplexer 322 are couples to three
data lines. The demultiplexer 322 1s controlled by a control
signal associated with the color selection. Based on the
output from the demultiplexer 322, one of three data lines 1s
active. The driver output 316 1s demultiplexed 322 on the
panel 320 side and goes to different subpixels (1.e., Red
subpixel, Blue subpixel, Green subpixel).

In this example, the PMOS decoder component 300 1s
used for the higher range and the NOMS decoder component
302 for the lower range of the voltage. Thus, the source area
will be reduced by using twice less transistors than that of a
CMOS decoder. In addition, the gammas are multiplexed
and provided from the outside of the source driver 282 area,
thus the number of iputs required for the gamma correction
1s reduced as well.

For small displays, the gamma correction 1s internally
programmable. The data for gamma correction 1s stored in
internal registers. To reduce the number of gamma registers,
DAC resistive ladders and DAC decoders, the gamma
registers are multiplexed, as shown i1n FIG. 11. For pro-
gramming each color, the corresponding gamma color is
assigned to the gamma block. Referring to FIG. 11, there 1s
illustrated a system 330 having a source driver 332 and a
panel 360 having pixels. The system 1s applied to quad RGB
pixel structure. Multiple gamma corrections for Red, Green
and Blue are multiplexed 1n the source driver 332. One of
ordinary skill in the art would appreciate that the source
driver 332 and the panel 360 may include components not
shown 1n FIG. 11.

The source driver 332 includes a driver output unit 334
having a multiplexer 340 for multiplexing a Red gamma
register 342a, a Green gamma register 342b and a Blue
gamma register 342¢, each for storing the corresponding
gamma correction data. The gamma correction 1s internally
programmed (configurable), and the data for the gamma
correction 1s stored 1n the resister. The driver output unit 334
includes a gamma circuit 344 for generating the gamma
voltage based on 1ts input signals from the multiplexer 340
(1.e., data from the gamma resister 342a, 342b, 342c). The
gamma circuit 344 may be, for example, but not limited to,
a digital potentiometer or a DAC.

The dniver output unit 334 includes a CMOS DAC 346
that has a decoder and receives the output from the gamma
correction 344. The DAC decoder 1n the DAC 346 operates
on an output from a multiplexer 348 for multiplexing a Red
register 350a, a Green register 350b and a Blue register
350c. The registers 350a, 350b and 350c correspond to the
resisters 174a, 174b and 174c of FIG. 5, respectlvely The
driver output 348 from the DAC decoder 346 1s demulti-
plexed at a demultiplexer 362 1n the panel 360 and goes to
different subpixels (e.g., Red subpixel, Green subpixel and
Blue subpixel). The demultiplexer 362 1s implemented
using, for example, thin film transistors, on the panel 360.

For further improving the source driver area, the DAC 1s

divided into NMOS and PMOS decoders as shown 1n FIG.
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12. Referring to FIG. 12, there 1s illustrated a system 370
having a source driver 372 and a panel 420 having pixels.
The system 370 15 applied to RGB pixel structure. Multiple
gamma corrections for Red, Green and Blue are multiplexed
in the source driver 372. One of ordinary skill in the art
would appreciate that the source driver 372 and the panel
420 may include components not shown n FIG. 12.

The source driver 372 includes a driver output unit 374
having a multiplexer 380 for multiplexing a Red gamma
register 382a, a Green gamma register 382b and a Blue
gamma register 382c. The gamma registers 382a, 382b and
382c correspond to the gamma resisters 342a, 342b and 342c¢
of FIG. 11, respectively. The driver output unit 374 includes
a high gamma circuit 384 and a low gamma circuit 386. The
high gamma circuit 384 generates a high gamma voltage
based on its input signals from the multiplexer 380 (1.e., data
from the gamma resister 382a, 382b, 382c¢). The low gamma
circuit 386 generates a low gamma voltage based on 1ts input
signals from the multiplexer 380 (1.¢., data from the gamma
resister 382a, 382b, 382c). Each of the gamma circuits 384
and 386 may be, for example, but not limited to, a digital

potentiometer or a DAC.
The driver output unit 374 includes PMOS and NMOS

components 390 and 392. The PMOS component 390
includes a PMOS decoder and 1s provided for the high
gamma 384. The NMOS component 392 includes a NMOA
decoder and 1s provided for the low gamma 386. The PMOS
and NMOS components 390 and 392 correspond to the
PMOS and NMOS components 204 and 206 of FIG. 7. The
PMOS and NMOS decoders in the components 390 and 392
operate on an output from a multiplexer 394 for multiplex-
ing a Red register 396a, a Green register 396b and a Blue
register 396c¢. The registers 396a, 396b and 396¢ correspond
to the resisters 174a, 174b and 174c of FIG. 5 (210a, 210b
and 210c of FIG. 7), respectively.

The driver output unit 374 includes a CMOS multiplexer
400 for multiplexing the outputs from the PMOS and NMOS
decoders 1n the components 390 and 392. The multiplexer
400 1s operated by a multiplexer 402 for multiplexing bat
signals R[j], G[1] and BJ[k]. The bit signals R]j], G[1] and
Blk] correspond to the bit signals R[], G[1] and B[k] of FIG.
8. The multiplexer 400 outputs a source driver output 404.

A demultiplexer 422 1s employed on the panel 420 side to
demultiplex the driver output 404 from the source driver
372. The demultiplexer 422 corresponds to the demulti-
plexer 182 of FIG. 5. The demultiplexer 422 1s implemented
using, for example, thin film transistors, on the panel 420.
The outputs from the demultiplexer 422 are couples to three
data lines. The demultiplexer 422 1s controlled by a control
signal associated with the color selection. Based on the
output from the demultiplexer 422, one of three data lines 1s
active. The driver output 404 1s demultiplexed 422 on the
panel 420 side and goes to different subpixels (1.e., Red
subpixel, Blue subpixel, Green subpixel).

To develop muxing in a source driver, data for each color
1s multiplexed as shown in FIG. 13. FIG. 13 illustrates a
source driver 450 for scanning a panel for a conventional
display system. The source driver 450 includes a shiit
register unit 452 and a latch unit 456. The shiit register unit
452 includes a plurality of shift registers 454a-454d, and
receives a latch signal. The latch unmit 456 includes a plurality
of latch circuits 458a-438d that are employed for the shait
registers 454a-454b, respectively. Each latch circuit 458a,
458b, 458c, 458d latches a digital image signal 1n response
to the latch signal from the corresponding shiit register. The
outputs from three latch circuits 458a, 458b and 438c¢ are
multiplexed by a multiplexer 460 to output R, GG, B 1mage
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signals. The data for each color 1s multiplexed 460. A DAC
462 includes a decoder for decoding the output from the
multiplexer 460 to output analog 1image signals.

To further reduce the source area, the latch unit 456 1s
replaced with shiit registers as shown in FIG. 14. Referring
to FIG. 14, there 1s illustrated a source driver 480 for a
display system. The source driver 480 includes a first stage
shift register unit 482, a second stage latch and shift unit
486, and a DAC unit. The multiplexer 460 of FIG. 13 1s not

implemented in the source driver 480 side. The shift register
unit 482 includes a plurality of shift registers, and each
receives a latch signal. The latch and shift unit 486 includes
a plurality of latch and shift registers that are employed for
the shift registers 1n the shift register unit 482, respectively.
In FIG. 14, four shiit registers 484a-484d are shown as an
example of the components of the shift register unit 482. In
FIG. 14, four latch and shift registers 488a-488d are shown
as an example of the components of the latch and shiit unit
486. In FIG. 14, one DAC 490 1s shown as an element of the
DAC unit. The DAC 490 has a decoder. The DAC 490 1s

coupled to the latch and shiit register 488c, which decodes
its iput and outputs a source driver output 492.

It will be appreciated by one of ordinary skill in the art
that the number of the shift registers and the number of the
latch and shiit registers are not limited to four and may vary.
It will be appreciated by one of ordinary skill in the art that
the source driver 480 may include components not 1llus-
trated in FIG. 14. It will be appreciated by one of ordinary
skill 1n the art that the DAC unit of the source driver 480
may include more than one DAC. In one example, the DAC
unit includes a plurality of DACs connected in M 1ntervals.

Each latch and shift register in the second stage latch and
shift unit 486 can copy its input signal and keep it intact t1ll
the next activation signal. The 1mnput signal to the latch and
shift register may come from the corresponding first stage
shift register or the previous latch and shiit register 1n the
chain. As a result, the latch and shift register can store the
data for a row from the first stage shift register or i1t can shait
its own data to the next units. For example, the latch and
shift register 488a latches a digital image signal in response
to an activation signal from the corresponding shiit register
484a. The latched signal 1s shifted to the next latch and shiit
register 488b.

After the input signal for a row 1s stored in the shift
register unit 482, the second stage latch unit 486 1s activated
and copies the signals from the shift register unit 482. After
that, the second stage latch unit 486 shiits the data one by
one to the DACs connected in M 1ntervals connect to the
latch unit where M defines the muxing order.

After the first color data 1s programmed, the latch data 1s
shifted by the number of required bits so that the second data
1s stored 1n the latch 488c connected to the DAC 490. This
operation 1s executed for other colors as well until all the
colors are programmed. This implementation results 1n a
simpler routing and smaller die area. It will be appreciated
by one of ordinary skill in the art that a panel side may have
a demultiplexer for demultiplexing the source driver 480
output associated with the M multiplexing operation. It will
be appreciated by one of ordinary skill in the art that the
source driver 480 1s applicable to monochrome displays.

Referring to FIG. 15, there 1s 1llustrated a source driver
500 for a display system. To develop DAC decoders, high
voltage Tabrication process 1s used, which results 1n large die
area. Instead of a having one gamma curve that covers the
entire output voltage rage (e.g. O to 135), the source driver
500 uses a plurality of smaller offset gamma curve segments
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(sections) at lower voltage range, which are extracted from
different part of the complete gamma curve.

The source drniver 500 includes a gamma block 502 for
changing the color (gray scale) mapping for a display, a
resistive ladder 504 for generating reference voltages, and an
overlapping multiplexer block 506 for the oflset gamma
curve sections.

The overlapping multiplexer block 506 includes a plural-
ity of multiplexers, each for multiplexing reference voltages
for different colors. In FIG. 15, three multiplexers 508a,
508b and 508c are shown as an example of components of
the overlapping multiplexer block 506. The adjacent multi-
plexer covers diflerent range of the output voltage, having
the beginning and the end of the range. However, the end of
one range in one multiplexer and the beginning of the other
range 1n the adjacent multiplexer overlap each other. The
overlapping provides flexibility in achieving different
gamma curve. The same iputs are being used for both
multiplexers.

The source driver 500 1ncludes a DAC decoder section
that 1s segmented 1nto a plurality of low voltage decoders for
the offset gamma curve sections. In FIG. 135, the three low
voltage decoders 510a, 510b and 510c are shown as the
clements of the DAC decoder, each operating at low voltage.
The two adjacent decoders share a small portion of their
dynamic range. A programmable decoder 512 defines the
border of each decoder 510a-510c¢ according to the gamma
curves. This allows for having different gamma curves for
different applications.

In FIG. 16A, an example of a main gamma curve 1s
illustrated. The main gamma curve 530 of FIG. 16A has a
range from O to 10V. In FIG. 16B, the main gamma curve
530 of FIG. 16A 1s segmented into a plurality of offset
gamma curve sections 540, 542 and 544. Each oflset gamma
curve section has a shape corresponding to that of the same
section of the main gamma curve 330, and has a voltage
range 0 to 5V. The gamma curve section 542 1s offset by
-5V. The gamma curve section 342 1s offset by —10V. Using,
the offset gamma curve sections, the internal circuits asso-
ciated with the gamma corrections are offset to lower
voltage. The gamma curve section may be internally pro-
grammed or mput from an external area or device. The
display system may include a module for programming/

defining offset gamma curve sections. This module may be
integrated or operate in conjunction with the programmable
decoder 512.

Referring to FIGS. 15 and 16B, the multiplexer 508a 1s
allocated for one oflset gamma curve section (e.g., 540 of
FIG. 16B) and the low voltage decoder 510a uses that offset
gamma curve section. The multiplexer S08b 1s allocated for
another oflset gamma curve section (e.g., 342 of FIG. 16B)
and the low voltage decoder 510b uses that oflset gamma
curve section. The multiplexer S08c 1s allocated for the other
oflset gamma curve section (e.g., 544 of FIG. 16B) and the
low voltage decoder 510c uses that offset gamma curve
section. The low voltage decoders 510a, 510b and 510c are
programmable.

The source driver 500 includes an output builer 516. The
output bufler 516 outputs a source driver output 520 based
on the output from the decoder and the oflset voltage.

Based on the pixel circuit data, one offset gamma curve
section with 1ts corresponding decoder 1s being selected.
Then the data 1s passed to the output builer 516. In order to
create the required voltage, the created voltage 1s being
shifted up at the output bufler 516. If a voltage 15 selected
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from the second gamma curve section 542 of FIG. 16B, 1t
will be offset by 5V at the output bufler 516 to cover for the
original oflset.

Each segment 1s 1n 1ts own well so that the body bias can
be adjusted accordingly. The decoder can be implemented 1n
low voltage process, leading to smaller die area (over three
times saving).

Referring to FIG. 17, there 1s illustrated an example of a
display system 600. The system 600 includes a controller
602, a source driver IC 604, a gate driver IC 606, and a panel
608. The gate driver 606 may include the gate driver 102 of
FIGS. 1A-1B or the gate drniver 132 of FIGS. 3A-3B. The
panel 608 includes a pixel array having a plurality of pixels
(or subpixels) 610 and a demultiplexer 612. The demulti-
plexer 612 may include the demultiplexer 112 of FIGS.
1A-1B or the demultiplexer 142 of FIGS. 3A-3B. The
controller 602 controls the source driver 604 and the gate
driver 606. The controller 602 also generates control signals
614 to operate the demultiplexer 612, which may correspond
to the control signals CTRL(k) of FIGS. 1A or 3A. The
demultiplexer 612 1s implemented using, for example, thin
film transistors, on the panel 608.

Referring to FIG. 18, there 1s illustrated an example of a
display system 630. The system 530 includes a controller
632, a source driver IC 634, a gate driver IC 636, and a panel
638. The source driver 632 may include the source driver
162 of FI1G. 5,192 of FIG. 7, 232 of FIG. 8, 282 of FIG. 10,
332 of FIG. 11 or 372 of FIG. 12. The panel 638 includes a
pixel array having a plurality of pixels (or subpixels) 610
and a demultiplexer 642. The demultiplexer 642 may
include the demultiplexer 182 of FIG. 5, 222 of FIG. 7, 272
of FIG. 8, 322 of FI1G. 10, 362 of FIG. 11 or 422 of FIG. 12.
The controller 632 controls the source driver 634 and the
gate driver 636. The controller 632 also generates control
signals 644 to operate the demultiplexer 632. The demulti-
plexer 642 1s implemented using, for example, thin film
transistors, on the panel 638. The system 630 may includes
the external gamma 290 of FIG. 10.

Referring to FIG. 19, there 1s illustrated an example of a

display system 660 having the source driver elements of
FIG. 14 or FIG. 15. The system 660 includes a controller

662, a source driver IC 664, a gate driver IC 666, and a panel
668. The panel 668 1includes a pixel array having a plurality
of pixels (or subpixels) 610. The controller 662 controls the
source driver 664 and the gate driver 666. The controller 662
controls, for example, the shift register unit 482 and the latch

and shift unit 486 of FIG. 14 or the overlapping multiplexer
block 506 and the low voltage decoders 510a-510b of FIG.

15.
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In the above example, the gate drivers and the source
drivers are described separately. However, one of ordinary

skill 1n the art would appreciate that any of the gate drivers
of FIGS. 1A and 3B can be used with the source drivers of

FIGS. 6-15.

What 1s claimed 1s:

1. A drive system for [an] a light emitting device (LED)
display panel having a multiplicity of LED pixels arranged
in rows and columns, each of said LED pixels having a drive
transistor that includes a gate, a source and a drain and eac/z
of said LED pixels further having an LED coupled to said
drive transistor, comprising;

a gate driver having at least one address cell providing a
single gate driver output for multiple rows of pixels of
said LED display panel,

a gate driver multiplexer and a demultiplexer that includes
multiple switch blocks coupled to the gate driver and
controllably coupling said single gate driver output to
said multiple rows of pixels in sequence [so that
whenever] such that when a selected one of said
multiple rows 1s connected to said single gate driver
output, all the other said multiple rows are discon-
nected from said [single-game] single-gate driver out-
put.

2. A display system according to claim 1, wherein the gate

driver [output unit] comprises:

at least one multiplexer, the multiplexer for multiplexing
driver signals to provide the single gate driver output.

3. A display system according to claim 2, wherein the
panel comprises:

a demultiplexer having a plurality of switch blocks for
activating the [first lines] multiple rows, each switch
block recerving outputs from the at least one multi-
plexer.

4. A method of driving a display panel having a multi-
plicity of pixels arranged in vows and columns, each of said
pixels having a drive transistor that includes a gate, a source
and a drain, said method comprising:

multiplexing drviver signals to genervate a single gate
driver signal;

providing a single gate drviver signal for multiple vows of
said pixels of said display panel,

demultiplexing the single gate driver signal by control-
lably coupling said single gate driver signal to selected
ones of said multiple rows of pixels in sequence, and
controllably disconnecting said gate driver signal from
said multiple vows of pixels to which said single gate
driver signal is not coupled.
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