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(57) ABSTRACT

A display driving circuit comprising a video signal transior-
mation circuit, a reference voltage generating circuit, a DAC
and an interpolation operational amplifier 1s provided. The
video signal transformation circuit transforms an mput video
signal 1nto a transformed video signal with a higher bit depth.
The transformed video signal comprises an upper n bits data
and a lower m bits data, wherein n+m equals a bit depth of the
transiformed video signal. The reference voltage generating,
circuit generates reference voltages. The DAC selects a {first
reference voltage and a second reference voltage to mterpo-
lation operational amplifier from the reference voltages
according to an upper n bits data of the transformed video
signal. The interpolation operational amplifier outputs a driv-
ing voltage to display device according to the first reference
voltage, the second reference voltage and the lower m bits
data of the transformed video signal.

20 Claims, 6 Drawing Sheets
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1
DISPLAY DRIVING CIRCUIT

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 indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application claims the benefit of Taiwan application
Serial No. 100103133, filed Jan. 27, 2011, the subject matter
of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates 1 general to a driving circuit, and
more particularly to a display driving circuit.

2. Description of the Related Art

Referring to FIG. 1, a partial diagram of a conventional
display driving circuit 1s shown. The conventional display
driving circuit 10 comprises a positive gray scale display
reference voltage generating circuit for gamma correction of
red color channels 12a, a positive gray scale display reference
voltage generating circuit for gamma correction of green
color channels 12b, a positive gray scale display reference
voltage generating circuit for gamma correction of blue color
channels 12¢, a negative gray scale display reference voltage
generating circuit for gamma correction of red color channels
12d, a negative gray scale display reference voltage generat-
ing circuit for gamma correction of green color channels 12e,
a negative gray scale display reference voltage generating
circuit for gamma correction of blue color channels 121, a
digital to analog converter (DAC) 13, aregister for storing the
information of gamma corrections 15, a data latch 16, a level
shifter 17 and a bufler operational amplifier 18.

The positive gray scale display reference voltage generat-
ing circuits 12a, 12b and 12¢ respectively generate 256 posi-
tive gray scale display reference voltages for gamma correc-
tion of red color channels, 256 positive gray scale display
reference voltages for gamma correction of green color chan-
nels and 256 positive gray scale display reference voltages for
gamma correction of blue color channels according to the
settings for the positive display reference voltages stored 1n
the register 15. The negative gray scale display reference
voltage generating circuits 12d, 12¢ and 121 respectively gen-
erate 256 negative gray scale display reference voltages for
gamma correction of red color channels, 256 negative gray
scale display reference voltages for gamma correction of
green color channels and 236 negative gray scale display

reference voltages for gamma correction of blue color chan-
nels according to the settings for the negative display refer-
ence voltages stored 1n the register 15.

The video signals of pixel data, R[7:0])/G[7:0]/B[7:0], are
serially sent into the data latch. The data latch temporarily
stores the pixel data of display line for each display channel.
The outputs of the data latch are connected to the level shifter.
The level shifter translates the power domain for the video
signal. The DAC 13 outputs one of the display reference
voltages to the bufler operational amplifier from the 256
display reference voltages generated by the gray scale refer-
ence voltage generating circuit according to 1t’s mput video
signal. Finally, the multiplexer mux controlled by a polarity
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2

outputs a driving voltage V , outputted from the butier opera-
tional amplifier 18 to provide large driving abaility to drive
display device.

In order to independently adjust the gamma correction for
cach of the color channels (red, green, blue), the conventional
display driving circuit 10 needs at least 3 sets of gray scale
display reference voltage generating circuits, wherein each
set of gray scale display reference voltage generating circuit
comprises a positive gray scale display reference voltage
generating circuit and a negative gray scale display reference
voltage generating circuit. However, such design occupies
large chip area and consumes a lot of power consumption.
Furthermore, the conventional display driving circuit 10
needs considerable metal routing traces for the gray scale
display reference voltages 1n the layout of the circuit.

SUMMARY OF THE INVENTION

Theinvention 1s related to a display driving circuit. The sets
of display reference voltage generating circuits can be
reduced while keeping the function of independently adjust-
ing the gamma correction for each of the color channels.
Therefore, the chip area and power consumption can be
reduced. Furthermore, the number of metal routing traces in
the layout can also be reduced to a great extent.

According to the present invention, a display driving cir-
cuit1s provided. The display driving circuit comprises a video
signal transformation circuit, a display reference voltage gen-
erating circuit, a digital to analog converter (DAC) and an
interpolation operational amplifier. The video signal transior-
mation circuit transforms an input video signal 1nto a trans-
formed video signal with a higher bit depth which already
contains the mformation of gamma correction according to a
lookup table (LUT). Then, the transtformed video signals are
serially sent into the data latch. The data latch temporarily
stores the pixel data of display line for each display channel.
The outputs of the data latch are connected to the level shifter.
The level shifter translates the power domain for the trans-
formed video signal. The transformed video signal from level
shifter’s output node 1s divided 1nto upper n bits and lower m
bits, wherein n+m 1s the bit depth of the transformed video
signal. The upper n bits are connected to the input of the DAC
and the lower m bits are connected to the mput of the inter-
polation operational amplifier. The display reference voltage
generating circuit generates a plurality of display reference
voltages. The DAC outputs a first display reference voltage
and a second display reference voltage to the interpolation
operational amplifier from the display reference voltages
generated by the display reference voltage generating circuits
according to the upper n bits of the transformed video signal.
Finally, the interpolation operational amplifier outputs a driv-
ing voltage to display device according to the first display
reference voltage, the second display reference voltage and
the lower m bits of the transformed video signal.

The above and other aspects of the invention will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiment(s).
The following description 1s made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a partial diagram of a conventional display
driving circuit;

FIG. 2 shows a partial diagram of a display driving circuit
according to an embodiment of the mnvention;
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FIG. 3 shows a first type of video signal transformation
circuit;

FI1G. 4 shows a second type of video signal transformation
circuit;

FIG. § shows a diagram of interpolation technique;

FIG. 6 shows a diagram of the one-to-one mapping rela-
tionships between the original video signals and the trans-
formed higher bit depth video signals;

FIG. 7 shows a schematic diagram of a display reference
voltage generating circuit according to an embodiment of the
imnvention;

FIG. 8 shows the output voltage curve of a display refer-
ence voltage generating circuit; and

FIG. 9 shows a table of output voltage V _ of an interpola-
tion operational amplifier to its input of the lower 4 bits of the
transformed video signal.

DETAILED DESCRIPTION OF THE INVENTION

A display driving circuit 1s disclosed in a number of
embodiments below. The display driving circuit comprises a
video signal transformation circuit, a display reference volt-
age generating circuit, a digital to analog converter (DAC)
and an interpolation operational amplifier. The video signal
transformation circuit transforms an mput video signal into a
transformed video signal higher bit depth which already con-
tains the information of gamma correction according to a
lookup table (LUT). Then, the transtormed video signals are
serially sent into the data latch. The data latch temporarily
stores the pixel data of display line for each display channel.
The outputs of the data latch are connected to the level shifter.
The level shifter translates the power domain for the trans-
tormed video signal. The transformed video signal from level
shifter’s output node 1s divided into upper n bits and lower m
bits, wherein n+m 1s the bit depth of the transformed video
signal. The upper n bits are connected to the input of the DAC
and the lower m bits are connected to the mput of the inter-
polation operational amplifier. The display reference voltage
generating circuit generates a plurality of display reference
voltages. The DAC outputs a first display reference voltage
and a second display reference voltage from the display ret-
erence voltages generated by the display reference voltage
generating circuits according to the upper n bits of the trans-
formed video signal. Finally, the interpolation operational
amplifier outputs a driving voltage to display device accord-
ing to the first display reference voltage, the second display
reference voltage and the lower m bits of the transformed
video signal.

Referring to FIG. 2, a partial diagram of a display driving,
circuit according to an embodiment of the invention 1s shown.
The display driving circuit 20 comprises a video signal trans-
formation circuit 21, a display reference voltage generating
circuit, a DAC 23, an interpolation operational amplifier 24, a
data latch 26 and a level shifter 27. The display reference
voltage generating circuit 1s realized by such as the positive
display reference voltage generating circuit 22a or the nega-
tive display reference voltage generating circuit 22b illus-
trated in FIG. 2. The multiplexer mux controlled by a polarity
outputs a driving voltage V , outputted from the interpolation
operational amplifier 24.

The lookup table records the one-to-one mapping relation-
ships between the mput video signals and the output trans-
tormed higher bit depth video signals. In the present embodi-
ment of the invention, the bit depth of the input video signal 1s
8, and the bit depth of the output transformed video signal 1s
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4

10. The mapping relationships recorded 1n the lookup table
are the mformation for gamma correction of red/green/blue
color channels.

The video signal transformation circuit 21 transforms an
input video signal into a transformed video signal with a
higher bit depth which already contains the information of
gamma correction according to a lookup table (LUT) and a
digital interpolation technique, wherein the bit depth of the
transformed video signal 1s higher than that of mput video
signal. The transformed higher bit depth video signal 1s
divided into upper n bits and lower m bits, wherein n+m 1s the
bit depth of the transformed video signal. The upper n bits P1
comprise upper n bits from MSB direction of the transformed
video signal, and the lower m bits P2 comprise the rest m bits
of the transformed video signal, wherein n+m 1s the bit depth
of the transformed video signal. The upper n bits P1 are sent
to the DAC 23 as input signal through the data latch 26 and the
level shifter 27, and the lower m bits P2 are sent to the
interpolation operational amplifier 24 as imnput signal through

the data latch 26 and the level shifter 27.

In the present embodiment of the invention, n and m are
respectively exemplified by 6 and 4, and bit depth of the input
video signal and that of the transformed video signal are
respectively exemplified by 8 and 10. The input video signal
1s such as the video signal R[7:0] for red color channel, the
video signal G| 7:0] for green color channel or the video signal
B[7:0] for blue color channel 1llustrated 1n FIG. 2, and the
transformed video signal 1s such as the video signal R'[9:0]
for red color channel, the video signal G'[9:0] for green color
channel or the video signal B'[9:0] for blue color channel.

The positive display reference voltage generating circuit
22a generates a plurality of positive display reference volt-
ages, and the negative display reference voltage generating
circuit 22b generates a plurality of negative display reference
voltages. For example, when the bit depth of the mput video
signal equals 8, the number of display reference voltages
generated by the display reference voltage generating circuit
for each color channel can be reduced to less than 2°. In the
present embodiment of the invention, the number of positive
display reference voltages and that of negative display refer-
ence voltages respectively are exemplified by 2°+1. The one
extra reference voltage 1s used as one of the reference point
for interpolation.

In comparison to the conventional display driving circuit
10, the display driving circuit 20 uses only one set of positive
display reference voltage generating circuit and one set of
negative display reference voltage generating circuit instead
of three sets of positive display reference voltage generating
circuits and three sets of negative display reference voltage
generating circuits. In addition to reducing several sets of
display reference voltage generating circuits, the display
driving circuit 20 further reduces the chip area and power
consumption. Furthermore, the number of metal routing
traces 1n the layout of the circuit can also be reduced.

In the present embodiment of the invention, the number of
bits of the DAC 23 1s exemplified by 6. The upper 6 bits of the
transformed video signal P1 from the level shifter are sent to
the DAC 23 as nput signal. Then, the DAC 23 outputs two
adjacent display reference voltages, V,, and V,, from 2°+1
display reference voltages to the interpolation amplifier. The
interpolation operational amplifier 24 outputs a driving volt-
age to display device according to the first display reference
voltage V., the second display reference voltage V, and the
lower 4 bits of the transformed video signal P2.

Referring to FI1G. 3, a first type of video signal transforma-
tion circuit 1s shown. The video signal transformation circuit
21 illustrated in the FIG. 2 1s implemented by such as the
video signal transformation circuit 21(1) illustrated in FIG. 3.




US RE45,707 E

S

The video signal transformation circuit 21(1) comprises a
storage unit 25 and a lookup table unit 211, wherein the
storage unit 25, realized by such as registers, stores the lookup
values of the lookup table. The lookup values stored 1n the
storage unit are the settings of display reference voltage for
gamma corrections of red/green/blue color channels. The
lookup table therefore records the information of the gamma
correction curves. The lookup table records one-to-one map-
ping relationships between all input video signal values and
the corresponding output values. The iput signal of the video
signal transformation circuit can be directly transformed to
the corresponding output signal by the lookup table. The bit
depth of the output signal of the video signal transformation
circuit 1s greater than that ol the input signal. For example, the
input and output signals of the video signal transformation
circuit are respectively 8-bit and 10-bit, and the lookup table
records one-to-one mapping relationships between all the
data values of 8-bit input signals and the corresponding 10-bit
output values. That 1s, 256 pairs of iput/output one-to-one
mapping relationships are recorded 1n the lookup table for a
positive or a negative gamma correction curve. There are total
256™6 pairs ol mput/output one-to-one mapping relation-
ships are recorded 1n the lookup table for gamma correction of
all color channels. Finally, based on the lookup values stored
in the storage unit, the lookup table unit 211 transforms the
8-bit mnput signal 1into the 10-bit output signal which already
contains the information of gamma correction according to
the one-to-one mapping relationships.

Referring to FIG. 4, FIG. 5 and FIG. 6. FIG. 4 shows a

second type of video signal transformation circuit. FIG. 5
shows a diagram of interpolation technique. FIG. 6 shows a
diagram of the relationship between the original 8-bit input
video signal and the transformed output 10-bit video signal.
The video signal transformation circuit 21(2) comprises a

storage unit 25, a lookup table unit 211 and an iterpolation
circuit 212, wherein the storage unit 23, realized by such as
registers, stores the lookup values of the lookup table. The
lookup values stored 1n the storage unit are the settings of
display reference voltage for gamma corrections of red/
green/blue color channels. The lookup table therefore records
the information of the gamma correction curves. The lookup
table records one-to-one mapping relationships between part
of input video signal values and the corresponding output
video signal values. The mput video signal value, whose
one-to-one relationship can be found 1n the lookup table, 1s
directly transformed to the output values while the 1nput
video signal value, whose one-to-one relationships cannot be
found 1n the lookup table, 1s processed by the interpolation
circuit to obtain the corresponding output value. The interpo-
lation process 1s shown 1 the example of F1G. 5,x_and x are
2 1nput data values whose one-to-one relationships are
recorded 1n the lookup table, and the corresponding trans-
formed output data values are respectively y_andy_.Suppose
the mput signal value, x, lies between x, and x_, and the
one-to-one mapping relationship between x and y 1s not
recorded 1n the lookup table. Then, the output data value after
interpolation process 1s given

Ym — ¥n
Am — Xp

X(X_ Xﬂ)

Y=Y, t

according to the data values x,, x_, and the corresponding
transformed output data values y,, y, . The bit depth of the
output signal of the video signal transformation circuit is
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greater than that of the input signal. In the present embodi-
ment of the invention, the input and output video signals of
the video signal transformation circuit are 8-bit and 10-bit
respectively, and the lookup table records one-to-one map-
ping relationships between some of data values of the 8-bit
input signal and the corresponding 10-bit output values. Only
26 out of 256 pairs of input/output one-to-one mapping rela-
tionships are recorded 1n the lookup table for a positive or a
negative gamma correction curve. There are total 266 pairs
of 1nput/output one-to-one mapping relationships are
recorded 1n the lookup table for gamma correction of all color
channels. The data value of the 8-bit mput signal, whose
one-to-one mapping relationships can be found 1n the lookup
table, 1s directly transformed into the 10-bit output data value
by the lookup table unit while the data value of the 8-bit input
signal, whose one-to-one mapping relationships cannot be
found 1n the lookup table, 1s processed by the interpolation
circuit to obtain the corresponding 10-bit output data value.
Referring to FIG. 7 and FIG. 8. FIG. 7 shows a schematic
diagram of a reference voltage generating circuit according to
an embodiment of the mvention. FIG. 8 shows the output
voltage curve of a display reference voltage generating cir-
cuit. The reference voltage generating circuit comprises a
resistor string 221, a resistor string 222, a multiplexer 223, a
de-multiplexer 224, a unity gain butfer amplifier 225, a mul-
tiplexer 226, a de-multiplexer 227 and a unity gain builer
amplifier 228. The resistor string 221 generates voltage divi-
s1on across the voltage nodes VR1_1~VR1_63. The resistor
string 222 generates voltage division across the voltage nodes
VR2_1~VR2_63. The multiplexer 223 connected between
the resistor string 221 and the input node of the buifer ampli-
fier 225 selects a reference Voltage from VR1_1~VR1_32 as
an iput voltage of the builer amphﬁer 225 according to a
control signal VGP1IN[4:0]. VGP1 1s the output voltage of
the buffer amplifier 225. The de-multiplexer 224 connected
between the buffer amplifier 225 and the output voltage nodes
VR2_1~VR2_ 32 outputs VGP1 to one of the output voltage
nodes VR2_1~VR2_32 according to the control signal
VGP10OUT([4:0]. The bufler amplifier 225 1s connected
between the multiplexer 223 and the de-multiplexer 224.
The multiplexer 226 connected between the resistor string,
221, and the mnput node of the builer amplifier 228 selects a
reference voltage from VR1_32~VR1_63 as an input voltage
of the bufler amplifier 228 according to control signal
VGP2IN[4:0]. VGP2 1s the output voltage of the buffer ampli-
fier 228. The de-multiplexer 227 connected between the
buffer amplifier 228 and the output voltage nodes
VR2_32~VR2_63_outputs VGP2 to one of the output volt-
age nodes VR2_32~VR2_63 according to the control signal
VGP20UT([4:0]. The bufller amplifier 227 1s connected
between the multiplexer 226 and the de-multiplexer 227.
The voltages corresponding to the output voltage nodes
VR2_0~VR2_ 64 form a reference voltage curve 6, which 1s
piecewise linear, and the control signal VGP1IN[4:0], the
control signal VGP10UT][4:0], the control signal VGP2IN|[4:
0] and the control signal VGP20OUT[4:0] are for changing the
slope of at least a part of the reference voltage curve 6. In the
example of FIG. 8, the control signal VGP10OUT[4:0] con-
trols the de- multlplexer 224 to output a voltage VGP1 to the
output voltage node VR2_m, and the control signal
VGP20UT([4:0] controls the de-multiplexer 227 to output a
voltage VGP2 to the output voltage nodes VR2_n
The control signal VGP1IN[4:0] controls the multiplexer
223 to select the voltage VGP1 from VR1_1~VR1_32, and
the control signal VGP2IN[4:0] controls the multiplexer 226
to select the voltage VGP2 from VR1_32~VR1_63. Thus, the

slope of a part of the reference voltage curve 6 can be tlexibly
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adjusted according to the control signal VGP1IN[4:0], the
control signal VGP10OUT[4:0], the control signal VGP2IN|[4:
0] and the control signal VGP20OUT][4:0] so as to increase the
output voltage resolution per step of the interpolation opera-
tional amplifier 24 within a particular voltage interval.
Detailed circuits of the interpolation operational amplifier 24
can be implemented with reference to the U.S. Pat. No. 7,541,
844B2, and the similarities are not repeated here.

Referring to FIG. 9, a table of the correspondence relation-
ships between the lower 4 bits of the transformed video signal
P2 and the driving voltage 1s shown. As disclosed above, the
interpolation operational amplifier 24 outputs a driving volt-
age V0 according to 1ts mnput signals, the lower 4 bits of the

transiformed video signal P2, the first reference voltage V

and the second reference voltage V,. Given V., and V,, the
correspondence relationships between the lower 4 bits of the
transiformed video signal P2 and the driving voltage Vo are
illustrated in FIG. 9. For example, when P2 equals 0000, the
driving voltage Vo=V . When P2 equals 0001, the driving
voltage

15 1
— XVyg+ — XV,

Vo=
°~ 16 16

When P2 equals 0010, the driving voltage

A" 1 A% - A%
G—EX H-I_EX L

When P2 equals 0011, the driving voltage

13
— XVyg+ — XV,

v
°~ 16 16

When P2 equals 0100, the driving voltage

12 4
— XVy+ — XV,

Vo=1¢ 16

When P2 equals 0101, the driving voltage

11 D
— XVy+ — XV,

Vo=
°T 16 16

When P2 equals 0110, the driving voltage

10
— XVy + — XV,

Vo=1g 16

When P2 equals 0111, the driving voltage

9
Vo= — xVy + — XV,
O l6)< H+16XL

10

15

20

25

30

35

40

45

50

55

60

65

3
When P2 equals 1000, the driving voltage

8 3
— XVy+ — XV,

Vo =
°T 16 16

When P2 equals 1001, the driving voltage

V—7><V +9><V
G_E HE I-

When P2 equals 1010, the driving voltage

V—6 . 10 v
D_EX H+EX L-

When P2 equals 1011, the dniving voltage

V—5 . 11 v
G—EX H+EX I-

When P2 equals 1100, the driving voltage

4 12
— XVy+ — XV,

Vo=1¢ 16

When P2 equals 1101, the dniving voltage

v 3 . 13 v
D—EX H+EX L

When P2 equals 1110, the driving voltage

. 2 . 14 v
G_EX H+E>< L-

When P2 equals 1111, the driving voltage

| 15
— XVy+ — XV,

Vo=1¢ 16

Therefore, the interpolation operational amplifier 24 can
promptly output the driving voltage V0 corresponding to the
higher bit depth transformed video signal according to the
correspondence relationships illustrated 1n FIG. 9.

While the invention has been described by way of example
and 1n terms of the preferred embodiment(s), 1t 1s to be under-
stood that the invention 1s not limited thereto. On the contrary,
it 1s mntended to cover various modifications and similar
arrangements and procedures, and the scope of the appended
claims therefore should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements and procedures.

What 1s claimed 1s:

1. A display driving circuit, comprising:

a video signal transformation circuit for transforming an
input video signal into a transformed video signal with a
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higher bit depth [which contains information of gamma
correction according to a lookup table (LUT) or a digital
interpolation technique, the transformed video signal
with the higher bit depth comprises an upper n bits data

sponding output signal values for the input video signals

whose mapping relationships are not recorded in the
lookup table].
4. The display driving circuit according to claim [1] 79,

10
5. [The] 4 display driving circuit Jaccording to claim 4],

COmprising.

a video signal transformation circuit for transforming an
input video signal into a transformed video signal with a

and a lower m bits data, wherein n+m equals a bit depth > higher bit depth than that of the input video signal;
of the transtormed video signal and the bit depth of the a data latch coupled to the video signal transformation
transformed video signal is higher] than that of the input circuit;
video signal according to a lookup table (LUT) record- a level shifter coupled to the data latch;
ing mapping relationships between a part of input video a digital to analog converter (DAC) receiving n bit data
signal values and corrvesponding output signal values, 10 from the level shifter; and
and for calculating the corresponding output signal val- an interpolation operational amplifier coupled to the digi-
ues for the input video signal values of which the map- tal to analog converter and receiving m bit data from the
ping velationships are not vecovded in the LUT, level shifter for outputting a driving voltage, wherein
[a reference voltage generating circuit for generating a 5 n+m equals a bit depth of the transformed video signal;
plurality of reference voltages;] wherein the video signal transformation circuit transforms
a data latch coupled to the video signal transformation the input video signal into the transformed video signal
circuit; according to a lookup table (LUT) or a digital interpo-
a level shifter coupled to the data latch; lation technigue, the transformed video signal with the
a digital to analog converter (DAC) [for selecting a first 20 higher bit depth comprises the n bits data and the m bits
reference voltage and a second reference voltage from data;
the reference voltages generated by the reference volt- wherein the lookup table comprises information of map-
age generating circuit, wherein the first reference volt- ping rvelationships for voltage settings of a gamma cor-
age and the second reference voltage are selected rection curve of each color channel; and
according to the upper n bits data of the transformed 25  wherein the bit depth of the input video signal 1s m, the
video signal with the higher bit depth] receiving n bit number of mapping relationships recorded 1n the lookup
data from the level shifter; and table for each gamma correction curve 1s less than 2™.
an interpolation operational amplifier [for outputting a 6. [The] 4 display driving circuit [according to claim 4],
driving voltage corresponding to the transformed video comprising:
signal with the higher bit depth according to the first Vg video signal transformation circuit for transforming an
reference voltage, the second reference voltage and the input video signal into a transformed video signal with a
lower m bits data of the transformed video signal with higher bit depth than that of the input video signal;
the higher bit depth] coupled to the digital to analog a data latch coupled to the video signal transformation
converter and receiving m bit data from the level shifter circuit;
Jor outputting a driving voltage, wherein n+m equals a a level shifter coupled to the data latch;
bit depth of the transformed video signal. a digital to analog converter (DAC) receiving n bit data
2. The display driving circuit according to claim [1] 79, from the level shifter; and
wherein the video signal transformation circuit comprises: an interpolation operational amplifier coupled to the digi-
a storage unit for storing a plurality of lookup values of the 4 tal to analog converter and receiving m bit data from the
lookup table; and level shifter for outputting a driving voltage, wherein
a lookup table unit for transforming the mput video signal n+m equals a bit depth of the transformed video signal;
into the transformed video signal with the higher bit wherein the video signal transformation circuit transforms
depth through [a plurality of] the mapping relation- the input video signal into the transformed video signal
ShipS[,, wherein the lookup table records the mapping 45 accordfng o a ZOOka table (L L/ T) or d dfgffal Interpo-
relationships between a plurality of input video signal lation technique, the transformed video signal with the
values and a plurality of corresponding output video higher bit depth comprises the n bits data and the m bits
signal values]. data; o |
3. The display driving circuit according to claim [1] 79, Wkef'" ein the _ZOOk”P table comprises ‘mf ormation of map-
wherein the video signal transformation circuit comprises: " P mf relations k}p s J (;: w}ltage;; > etm}egs o{; @ gamma cor-
. . . vection curve of each color channel; an
a storage unit for Stor{ng [the] a plurality of lookup values wherein the bit depth of the input video signal 1s m, the
of the lookup table; and ; . . .
a lookup table unit for transforming the mput video signal mllﬁlb? Ofmlalppmg relatlonsh.JpS recordgd H thle looﬁup
into the transformed video signal with the higher bit table lor each gamma correction curve 15 equa 1o 27
_ , , 55 7. [The] 4 display driving circuit [according to claim 1],
depth througl} [2 plurality of] the mapping relatu:_)n- [wherein the reference voltage generating circuit comprises]
Shlps'[,, Whereln the lookup ta}ale rec':')rds the mapping comprising:
relationships between part of input video signal values a video signal transformation circuit for transforming an
and the corresponding output video signal values; and input video signal into a transformed video signal with a
a digital interpolation circuit for calculating the corre- higher bit depth than that of the input video signal;

a data latch coupled to the video signal transformation
circuil;

a level shifter coupled to the data latch;,

a digital to analog converter (DAC) receiving n bit data

from the level shifter;
an interpolation operational amplifier coupled to the digi-

tal to analog converter and rveceiving m bit data from the

wherein the lookup table comprises information of mapping 65
relationships for voltage settings of a gamma correction curve
of each color channel.
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level shifter for outputting a driving voltage, wherein

n+m equals a bit depth of the transformed video signal;

and

a reference voltage gemerating circuit for generating a
plurality of reference voltages, comprising:

a first resistor string for generating voltage divisions
across the first resistor string;;

a second resistor string for generating voltage divisions
across the second resistor string;

a first butfer amplifier;

a first multiplexer connected between the first resistor
string and the first buffer amplifier for selecting a
reference voltage from voltage divisions across the
first resistor string as an input voltage of the first
butter amplifier according to a first control signal; and

a first de-multiplexer connected between the first bullfer
amplifier and the second resistor string for outputting
a reference voltage to one of a plurality of output
voltage division nodes across the second resistor
string according to a second control signal.

8. The display driving circuit according to claim 7, wherein
the reference voltage generating circuit further comprises:

a second butfer amplifier;

a second multiplexer connected between the {first resistor
string and the second buffer amplifier for selecting the
reference voltage from the voltage divisions across the
first resistor string as an input voltage of the second
builer amplifier according to a third control signal; and

a second de-multiplexer connected between the second
buffer amplifier and the second resistor string for out-
putting the reference voltage to one of the output voltage
division nodes across the second resistor string accord-
ing to a fourth control signal.

9. The display driving circuit according to claim 8, wherein
the voltages corresponding to the output voltage nodes form
a reference voltage curve, the reference voltage curve 1is
piecewise linear|, and the first control signal, the second
control signal, the third control signal and the fourth control
signal are used for changing the slope of at least a part of the
reference voltage curvel.

10. The display driving circuit according to claim [1] 20,
wherein the reference voltage generating circuit 1s a positive
reference voltage generating circuit.

11. The display driving circuit according to claim 10,
wherein the bit depth of the mput video signal 1s m, and the
number of reference voltages 1s less than 2™,
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12. The display driving circuit according to claim [1] 20,
wherein the reference voltage generating circuit 1s a negative
reference voltage generating circuit.

13. The display driving circuit according to claim 12,
wherein the bit depth of the mput video signal 1s m, and the
number of reference voltages 1s less than 2.

14. The display driving circuit according to claim 9,
wherein the first control signal, the second control signal, the
thivd control signal and the fourth control signal ave used for
changing the slope of at least a part of the veference voltage
curve.

15. The display driving circuit according to claim 1,
wherein the level shifter translates the power domain for the
transformed video signal, the transformed video signal is
divided into the n bit data and the m bit data at an output node
of the level shifter.

16. The display driving circuit according to claim 1, further
COmMprising:

a reference voltage gemerating circuit for generating a

plurality of reference voltages;

wherein the digital to analog converter selects a first rvef-

erence voltage and a second reference voltage from the
reference voltages generated by the reference voltage
generating circuit, wherein the first rveference voltage
and the second reference voltage are selected according
to the n bit data of the transformed video signal with the
higher bit depth.

17. The display driving circuit according to claim 16,
wherein the interpolation operational amplifier outputs the
driving voltage corresponding to the transformed video sig-
nal with the higher bit depth according to the first veference
voltage, the second reference voltage and the m bit data of the
transformed video signal with the higher bit depth.

18. The display driving circuit according to claim 17,
wherein the interpolation operational amplifier adjusts a pro-
portion of the first veference voltage and the second rveference
voltage according to the m bit data to generate the driving
voltage.

19. The display driving circuit according to claim 1,
wherein the transformed video signal with the higher bit
depth comprises the n bits data and the m bits data.

20. The display driving cirvcuit according to claim I, further
comprising a reference voltage generating circuit for gener-
ating a plurality of reference voltages.

% o *H % x
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