US 20170025055A1

a2y Patent Application Publication o) Pub. No.: US 2017/0025055 A1

a9y United States

KIM et al. 43) Pub. Date: Jan. 26, 2017
(54) DISPLAY DRIVER, AND DISPLAY DEVICE (52) US. CL
AND SYSTEM INCLUDING THE SAME CPC ... GO9G 3/2003 (2013.01); GOIG 3/2096

(2013.01); GO9G 3/2018 (2013.01); GO9G

(71)  Applicant: SAMSUNG ELECTRONICS CO., 2310/08 (2013.01); GO9G 2330/021 (2013.01);
LTD., Suwon-si (KR) G09G 2340/06 (2013.01)
(72) Inventors: Yang Hyo KIM, Suwon-si (KR); Do
Kyung KIM, Yongin-si (KR); Seo
Young WOQ, Hwaseong-si (KR) 7 ABSTRACT
(73) Assignee: SAMSUNG ELECTRONICS CO., . . . . . .
LTD., Suwon-si (KR) A display driver and a display device and system including
the same are provided. The display driver includes an
(21) Appl. No.: 15/215,803 interface circuit configured to receive image data from a
host; a graphics memory configured to store m-bit data per
(22) Filed: Jul. 21, 2016 pixel corresponding to the received image data, where m
being an integer greater than zero; a color converter con-
(30) Foreign Application Priority Data figured to convert the m-bit data per pixel stored in the
graphics memory into n-bit data per pixel and to output n-bit
Jul. 21, 2015 (KR) .eevercrveeiccienee 10-2015-0102894 converted data, n being an integer greater than m; a selector
A . . configured to selectively output one among the n-bit con-
Publication Classification Verte%udata and the imazg/e da?a received fro%n the host; and
(51) Int. CL a source driver configured to drive a display panel based on
G09G 3/20 (2006.01) output data of the selector.
310a 320a
__ ~
[L]1]1]1]0]0 00 Color Converter
1/1/1)|0]0]0|0 24bit/Pixel
1[1[1]1]0]0]0[0] 1pit/Pixel R G B (16.7M color)
01000 1[1[1]1]mu———— aqn
OIO[OJOrL T GoAT i~ ] 68 | 6B | CF FCDAT
g|of0f0|1]1|1)1 0" = D9 D3 DS 25-2 Sun, Sep 29
ofolololz[11[1 88 9

|- 260

Register




Patent Application Publication

Jan. 26,2017 Sheet 1 of 14

FIG. 1

10
/./
30
_
External —
Memory SoC

US 2017/0025055 A1
E
20
200 25
~ ~
Display Display
Driver Panel




Patent Application Publication

Jan. 26,2017 Sheet 2 of 14

US 2017/0025055 A1l

10
L
100 110 120 130
CPU ROM | RAM | ISP
180
—
< BUS >
140 160 170
~ =
Display GPU Memory Post
Controller — Controller Processor
150
Display | External [
Device 20 Memory 30




US 2017/0025055 A1l

Jan. 26,2017 Sheet 3 of 14

Patent Application Publication

092 ~{ 1915169y
W 0€Z 00
~ ~ ~
10]RJ3UDY)
JonIg IVa>3|  eed anod
aue / : :
fedsq | S5 aouos [Tvas | XM N
! L var
IVay ofz
052 , 295
o INOD E
) e =
ST =2 [TNoD NOSL n
\.\
~ ~ 01
57 2002




US 2017/0025055 A1l

Jan. 26,2017 Sheet 4 of 14

Patent Application Publication

097 ~ 1915163y
ovz 0LZ 0£C 00€
Jlojesauan
aueg , Jaauq ,  |40ssed04d YN 1vad4| eled y and
feydsig | S | | M°S [1vad | ®ea [ 1vas .
. S 1val
1vad 01z
osz 1 , 708
— INOD | |ENOD 13S oze
, Baug |
) sep  [“INOD NGDL .
P
o ~ 0T
14 9002




Patent Application Publication  Jan. 26, 2017 Sheet 5 of 14 US 2017/0025055 A1

I 310

| -~
RDAT II Partial

| GRAM

|

300a

Z____I

320 |

= |

Color

T

Converter | | FCDAT
]
Register [~ 260




US 2017/0025055 A1l

Jan. 26,2017 Sheet 6 of 14

Patent Application Publication

/ N\ 09 ~ 1335168y

OO |||

—|—|—|olo|o|o

—|—|—|Jole|o
IEEEEEEE
eEEEEE

4 N

¢ 88 (1T
BGZ | 62 dos ung & 6d 6d 6 < .04 I[1]T
R | . 1vand 1vao HTIT
i 79 - D |8 [ | cna |g LI
(J0]0> N£9T) g D) e 12XId/A9T [oTo 10
~ [oXId/NqZ 0]0(0
JaJaAUOY) 10j0) 0ToT0

= ~

e] e0zE BOTE

S OH



US 2017/0025055 A1l

Jan. 26,2017 Sheet 7 of 14

Patent Application Publication

o|o|o|—|—|—|—
—|—|—|o|olo|o
||| ofe|o
—|—|—|ofolo|o
|‘—||\—||—|oooo

09Z ~ 1935169y
_| IIIIIIIIIIIIIIIIIIIIIIIIII 1
\D/ 1|00 00 00 —.0u 41 m
| - I
f N | S5z | ssz | ssz Wil | TTTTT
€-67—I— [ 9 Y Z ealy! T[T[T
asz I S 2¥e ¢ Bl Va4 b= . TIT[T
|||||||||||||||||||||||||| 1vao
1-S7 - % = T ] | Cmmm——| T
st Sy7T Teary @O0 WL9D| 1| 00 00 00 | «.0.4 | XId/ 44T [g]0]0
[9Xid/HaKT | _ 0[0]o
1 Ioozr | 281 | 8cz | «.L.! oToTo
\ / | |
| d D d T ealy| ~
.......................... eQTE
Ja}2AUO)) 00D
et ~
Gli743



Patent Application Publication

RDAT | Pixel
Encoder

Jan. 26,2017 Sheet 8 of 14 US 2017/0025055 A1l
300c
< __ -
310 320 |
— ~ :
Partial |GDAT Color
S

GRAM Converter | | FCDAT

]
Register [~ 260




Patent Application Publication  Jan. 26, 2017 Sheet 9 of 14 US 2017/0025055 A1

00
00
00

FF
FF
FF

FIG. 8C

L | Y| O

Lo | O

OO0 O

OoO| O | O

[ I e BN I e ]

OoO| O | O

x O om

o

(e

—

(an) !

—

O] ©
| —

L o

()

o

(e

OO0 O

OIO| O

FF
FF
FF

FIG. 8A

Lo
Lo | o
[ ) e ]
OO | O
ol | o
OO |CO




Patent Application Publication

Jan. 26,2017 Sheet 10 of 14

FIG. 9

,£60
Color Mode —~— 261
Color Programming ~ 262
Multi-Area —~ 263
Multi-Time —~— 264
Color Set #1 —~— 265
Color Set #2 —~— 266
Color Set #3 ~— 267

US 2017/0025055 A1l



Patent Application Publication  Jan. 26, 2017 Sheet 11 of 14  US 2017/0025055 A1l

FCDAT
GDAT 2 c 2
FIG. 10A v e —
0 R2 | G2 B2
FCDAT
Area GDAT
R G B
1 R11 | G11 | B11
1
FIG 1OB 0 R12 | G12 | B12
5 1 R21 | G21 | B21
0 R22 | G22 | B22
FCDAT
GDAT
R G B

FIG. 10C 11 | FF | FF | FF

00 00 00 00
else FF 99 00

, FCDAT
Time GDAT
R G B
FIG 1OD ) 1 R11 | G11 | Bl11
* 0 R12 | G12 | B12
5 1 R21 | G21 | B21
0 R22 | G22 | B22




US 2017/0025055 A1l

Jan. 26, 2017 Sheet 12 of 14

Patent Application Publication

6
¢ abew / z abeuwy \ T abeuwy / _|_ SS
€AND \ CAWD . TAWD \
m ! ( ! { \
gabewy I gobewr Tebewr R AWDlvdl
) ) )
[} / / [} /
\ \ / \ \
_ [ P e 3L
| | "
\ \ \
/ / /
_u_ j _u_ JUASA

IT 9



US 2017/0025055 A1l

Jan. 26,2017 Sheet 13 of 14

Patent Application Publication

Josuas abew Aejdsig
0v0T—~— | someq amaqg | 0501
OT——{ IS2 50 | —T1501
LEN $3d
DL %L
leuas leuas
elawe) Aeidsig
A__w
S3d LEN
S K== | IsoH ISOH
0zo1 SO Isd
P zior €101 1101
b e WA L sose
s N | 1461
dIHD 34
0901 0T0T—~ 105537014 uonediddy
amn NYTM | | XewIm
A ce0t1 T€0T 0€01
0001

AV4d |—S80T

IOVI0LS ~—0L01

JIN 080T

YPV3IdS 0601

¢l O



Patent Application Publication  Jan. 26, 2017 Sheet 14 of 14  US 2017/0025055 A1l

FIG. 13
1100
1110 1120
~ -~
Processor Memory

T 1w
N

<

Image .
Sensor Display I/F
~ —~ —~

1130 1150 1140



US 2017/0025055 Al

DISPLAY DRIVER, AND DISPLAY DEVICE
AND SYSTEM INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119(a) from Korean Patent Application No. 10-2015-
0102894 filed on Jul. 21, 2015, the disclosure of which is
hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Apparatuses and methods consistent with exem-
plary embodiments relate to a display device, and more
particularly, to a display driver for driving a display panel,
and a display device and system including the same.

[0003] A display driver integrated circuit (IC) is required
to control and drive a display panel in a liquid crystal display
(LCD), a light emitting diode (LED) display, an organic
LED (OLED) display, or an active-matrix OLED (AMO-
LED) display. A display driver which does not include
graphics random access memory (GRAM) is favored for
low-price display devices or systems including the same
(e.g., low-price mobile products) in order to secure a com-
petitive price. However, when a display driver does not
include GRAM, a host needs to continuously transmit image
data to a display device, which results in increased system
power consumption. Meanwhile, when a display driver
includes GRAM, even if the display driver uses large-
capacity GRAM to display a simple pattern or display an
image in a small area of a display screen, power loss occurs.

SUMMARY

[0004] According to an aspect of an exemplary embodi-
ment, there is provided a display driver including: an inter-
face circuit configured to receive image data from a host; a
graphics memory configured to store m-bit data per pixel
corresponding to the received image data, m being an integer
greater than zero; a color converter configured to convert the
m-bit data per pixel stored in the graphics memory into n-bit
data per pixel and to output n-bit converted data, n being an
integer greater than m; a selector configured to selectively
output one among the n-bit converted data and the image
data received from the host; and a source driver configured
to drive a display panel based on output data of the selector.
[0005] The display driver may further include a register
configured to store a register setting. The color converter is
further configured to convert the n-bit data according to the
register setting.

[0006] The color converter may be further configured to
output first predetermined RGB data as the n-bit converted
data in response to the m-bit data per pixel being one, and
output second predetermined RGB data as the n-bit con-
verted data in response to the m-bit data per pixel being zero.
[0007] The integer m may be one; and the color converter
may be further configured to output first predetermined RGB
data as the n-bit converted data in response to the m-bit data
per pixel being one and corresponding to a first area, output
second predetermined RGB data as the n-bit converted data
in response to the m-bit data per pixel being one and
corresponding to a second area, output third predetermined
RGB data as the n-bit converted data in response to the m-bit
data per pixel being zero and corresponding to the first area,
and output fourth predetermined RGB data as the n-bit

Jan. 26, 2017

converted data in response to the m-bit data per pixel being
zero and corresponding to the second area.

[0008] The display driver may further include a register
configured to store at least one conversion data set which
defines a mapping between the m-bit data per pixel and the
n-bit converted data.

[0009] The display driver may be further configured to
change the at least one conversion data set in the register in
response to receiving a register setting command from the
host.

[0010] The at least one conversion data set may include a
first conversion data set of a plurality of conversion data sets
corresponding to a first area of a plurality of display areas
and a second conversion data set of the plurality of conver-
sion data sets corresponding to a second area of the plurality
of display areas.

[0011] The at least one conversion data set may include a
first conversion data set of a plurality of conversion data
corresponding to a first time period of a plurality of time
periods and a second conversion data set of the plurality of
conversion data sets corresponding to a second time period
of the plurality of time periods

[0012] The register further may be further configured to
store: a color mode field indicating a number of bits per pixel
in the image data; and a color programming field indicating
whether the at least one conversion data set can be changed.
[0013] The number of bits per pixel in the image data may
be n in response to the color mode field being set to a first
color mode value, and the number of bits per pixel in the
image data may be m in response to the color mode field
being set to a second color mode value.

[0014] The display driver may further include a pixel
encoder configured to encode the n-bit data per pixel image
data into the m-bit data per pixel according to a predeter-
mined encoding rule.

[0015] According to an aspect of another exemplary
embodiment, there is provided a display device including: a
display panel configured to display an image signal; and a
display driver configured to drive the display panel, the
display driver comprising an interface circuit configured to
receive image data having at least one bit per pixel from a
host, a converted data generator configured to generate n-bit
converted data per pixel based on at least one conversion
data set which defines a mapping between m-bit data and
n-bit data, m being an integer greater than zero and n being
an integer greater than m, and a source driver configured to
drive the display panel based on data selected from among
the received image data and the converted data. A first
conversion data set of the at least one conversion data set
corresponds to one among a first time period of a plurality
of time periods and a first display area of a plurality of
display areas.

[0016] The display driver may further include a register
configured to store a plurality of conversion data sets, each
of the plurality of conversion data sets corresponding to one
among the plurality of time periods and the plurality of
display areas.

[0017] A conversion data set of the plurality of conversion
data sets may be changed according to a register setting
command of the host.

[0018] The converted data generator may include: a graph-
ics memory configured to store the m-bit data per pixel; and
a color converter configured to convert the m-bit data per
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pixel data into the n-bit converted data per pixel converted
data according to a conversion data set of the plurality of
conversion data sets.

[0019] The converted data generator may further include a
pixel encoder configured to encode the n-bit data per pixel
image data received by the interface circuit into the m-bit
data per pixel according to a predetermined encoding rule.

[0020]

[0021] The plurality of display areas may include the first
area and a second area, and the register may be further
configured to store the first conversion data set correspond-
ing to the first area and a second conversion data set
corresponding to the second area.

[0022] According to an aspect of yet another exemplary
embodiment, there is provided an electronic system includ-
ing: a display device configured to display an image signal;
and a system-on-chip (SoC) configured to control the dis-
play device. The display device includes: an interface circuit
configured to sequentially receive frame by frame image
data from the SoC; a graphics memory configured to store
m-bit data per pixel corresponding to the received image
data; a color converter configured to output converted data
having n bits per pixel based on at least one conversion data
set which defines a mapping between m-bit data and n-bit
data, m being an integer greater than zero and n being an
integer greater than m; and a source driver configured to
drive the display panel based on data selected from among
the received image data and the converted data. A first
conversion data set of the at least one conversion data set
corresponds to one among a first time period and a first
display area of a plurality of display areas.

[0023] The display device may further include a register
configured to store the at least one conversion data set.

[0024] The SoC may be further configured to issue a
register setting command to the display device, and the
display device may be further configured to change the
conversion data set stored in the register in response to the
register setting command.

[0025] The display device may further include a pixel
encoder configured to encode the received frame by frame
image data into the m-bit data per pixel.

[0026] According to an aspect of still another exemplary
embodiment, there is provided a method of operating a
display device connected to a system-on-chip (SoC), the
method including: setting a first conversion data set defining
a first mapping between m-bit data and n-bit data in a
register of the display device, m being an integer greater
than zero and n being an integer greater than m; receiving
first frame data from the SoC; storing m-bit data per pixel in
graphics memory based on the first frame data; converting
the m-bit data per pixel stored in the graphics memory into
first converted data having n bits per pixel based on the first
conversion data set; and driving a display panel based on the
first converted data.

[0027] The method may further include: changing the first
conversion data set to a second conversion data set defining
a second mapping between m-bit data and n-bit data in the
register of the display device in response to a register setting
command from the SoC; receiving second frame data from
the SoC; storing m-bit data per pixel in the graphics memory
based on the second frame data; converting the m-bit data
per pixel stored in the graphics memory into second con-

The integer m may be one among one and two.
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verted data having n bits per pixel based on the second
conversion data set; and driving the display panel based on
the second converted data.

[0028] The method may further include transmitting a
reference signal to the SoC. The first frame data and the
second frame data may be transmitted from the SoC to the
display device according to the reference signal.

[0029] According to an aspect of another exemplary
embodiment, there is provided a display driver including: an
interface circuit configured to receive image data from a
host; a graphics memory configured to store m-bit data per
pixel corresponding to the received image data, m being an
integer greater than zero; a color converter configured to
convert the m-bit data per pixel stored in the graphics
memory into n-bit data per pixel and to output n-bit con-
verted data, n being an integer greater than m; a selector
configured to selectively output one among the n-bit con-
verted data and the image data received from the host; a data
processor configured to perform image processing on output
data of the selector and generate a processed image signal;
and a source driver configured to drive a display panel based
on the processed image signal.

[0030] The display driver may further include a pixel
encoder configured to encode the n-bit data per pixel image
data from the graphics memory into the m-bit data per pixel
according to a predetermined encoding rule and output the
m-bit data per pixel to the color converter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features and advantages of the
inventive concept will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0032] FIG. 1 is a block diagram of an electronic system
including a semiconductor integrated circuit (IC) according
to one or more exemplary embodiments;

[0033] FIG. 2 is a block diagram of a system-on-chip
(SoC) illustrated in FIG. 1 according to one or more exem-
plary embodiments;

[0034] FIG. 3A is a block diagram of a display driver
illustrated in FIG. 1 according to one or more exemplary
embodiments;

[0035] FIG. 3B is a block diagram of a modified example
of the display driver illustrated in FIG. 3A according to one
or more exemplary embodiments;

[0036] FIG. 4 is a block diagram of a converted data
generator illustrated in FIGS. 3A and 3B according to one or
more exemplary embodiments;

[0037] FIG. 5 is a diagram for explaining the operation of
the converted data generator illustrated in FIG. 4 according
to one or more exemplary embodiments;

[0038] FIG. 6 is a diagram for explaining the operation of
the converted data generator illustrated in FIG. 4 according
to one or more exemplary embodiments;

[0039] FIG. 7 is a block diagram of another example of the
converted data generator illustrated in FIGS. 3A and 3B
according to one or more exemplary embodiments;

[0040] FIGS. 8A through 8C are diagrams for explaining
the operation of the converted data generator illustrated in
FIG. 7 according to one or more exemplary embodiments;
[0041] FIG. 9 is a diagram of a register according to one
or more exemplary embodiments;

[0042] FIGS. 10A through 10D are tables of conversion
data sets according to one or more exemplary embodiments;
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[0043] FIG. 11 is a timing chart of signals for explaining
a method of operating a display driver according to one or
more exemplary embodiments;

[0044] FIG. 12 is a block diagram of an electronic system
including a display device according to one or more exem-
plary embodiments; and

[0045] FIG. 13 is a block diagram of an image processing
system including a display device according to one or more
exemplary embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0046] Methods and apparatuses consistent with exem-
plary embodiments will be described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments are shown. Exemplary embodi-
ments, however, may be embodied in many different forms
and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like numbers refer to like elements throughout.

[0047] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no
intervening elements present. It will also be understood that
when a layer is referred to as being “on” another layer or
substrate, it can be directly on the other layer or substrate, or
intervening layers may also be present.

[0048] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first signal could be termed a second
signal, and, similarly, a second signal could be termed a first
signal without departing from the teachings of the disclo-
sure.

[0049] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a”, “an”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” or “includes” and/or “including” when used in this
specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, regions, integers, steps, operations,
elements, components, and/or groups thereof. The term
“and/or” includes any and all combinations of one or more
of the associated listed items and may be abbreviated as “/”.
[0050] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and/or the present
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application, and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0051] FIG. 1 is a block diagram of an electronic system
1 including a semiconductor integrated circuit (IC) accord-
ing to one or more exemplary embodiments. The semicon-
ductor IC may be implemented as a system-on-chip (SoC)
10. FIG. 2 is a block diagram of the SoC 10 illustrated in
FIG. 1 according to one or more exemplary embodiments.
[0052] Referring to FIGS. 1 and 2, the electronic system 1
may be implemented as a portable electronic device. The
portable electronic device may be a laptop computer, a
cellular phone, a smart phone, a tablet personal computer
(PC), a personal digital assistant (PDA), an enterprise digital
assistant (EDA), a digital still camera, a digital video
camera, a portable multimedia player (PMP), a mobile
internet device (MID), a wearable computer, an internet of
things (IoT) device, or an internet of everything (IoE)
device. The electronic system 1 may display a still image
signal (or a still image) or a moving image signal (or a
moving image) on a display panel 25.

[0053] A display device 20 includes a display driver 200
and the display panel 25. The SoC 10 and the display driver
200 may be formed together in a single module, a single
SoC, or a single package such as a multi-chip package.
Alternatively, the display driver 200 and the display panel 25
may be formed together in a single module.

[0054] The display driver 200 controls the operation of the
display panel 25 according to signals output from the SoC
10. For instance, the display driver 200 may transmit image
data received from the SoC 10 as an output image signal to
the display panel 25 through a selected interface.

[0055] The display panel 25 may display an output image
signal of the display driver 200. The display panel 25 may
be a liquid crystal display (LCD) panel, a light emitting
diode (LED) display panel, an organic LED (OLED) display
panel, or an active-matrix OLED (AMOLED) display panel.
[0056] The external memory 30 stores program instruc-
tions executed by the SoC 10. The external memory 30 may
also store image data used to display still images or a
moving image on the display device 20. The moving image
is a sequence of different still images presented in a short
period of time.

[0057] The external memory 30 may be formed of volatile
or non-volatile memory. The volatile memory may be
dynamic random access memory (DRAM), static RAM
(SRAM), thyristor RAM (T-RAM), zero capacitor RAM
(Z-RAM), or twin transistor RAM (TTRAM). The non-
volatile memory may be electrically erasable programmable
read-only memory (EEPROM), flash memory, magnetic
RAM (MRAM), phase-change RAM (PRAM), or resistive
memory.

[0058] The SoC 10 controls the external memory 30
and/or the display device 20. The SoC 10 may be referred to
as an IC, a processor, an application processor, a multimedia
processor, or an integrated multimedia processor. The SoC
10 may include a central processing circuit (CPU) 100, a
read-only memory (ROM) 110, a random access memory
(RAM) 120, an image signal processor (ISP) 130, a display
controller 140, a graphics processing unit (GPU) 150, a
memory controller 160, a post processor 170, and a system
bus 180. The SoC 10 may also include other elements apart
from those elements illustrated in FIG. 2.

[0059] The CPU 100, which may be referred to as a
processor, may process or execute programs and/or data
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stored in the external memory 30. For instance, the CPU 100
may process or execute the programs and/or the data in
response to an operating clock signal output from a clock
signal module. The CPU 100 may be implemented as a
multi-core processor. The multi-core processor is a single
computing component with two or more independent actual
processors (referred to as cores). Each of the processors
reads and executes program instructions.

[0060] The CPU 100 runs an operating system (OS). The
OS may manage resources (such as memory and display) of
the electronic system 1. The OS may distribute the resources
to applications executed in the electronic system 1.

[0061] Programs and/or data stored in the ROM 110, the
RAM 120, and/or the external memory 30 may be loaded to
a memory in the CPU 100 when necessary. The ROM 110
may store permanent programs and/or data. The ROM 110
may be implemented as erasable programmable ROM
(EPROM) or EEPROM.

[0062] The RAM 120 may temporarily store programs,
data, or instructions. The programs and/or data stored in the
memory 110 or 30 may be temporarily stored in the RAM
120 according to the control of the CPU 100 or a booting
code stored in the ROM 110. The RAM 120 may be
implemented as DRAM or SRAM.

[0063] The ISP 130 may perform various kinds of image
signal processing. The ISP 130 may process image data
received from an image sensor. For instance, the ISP 130
may perform shake correction and adjust white balance on
the image data received from the image sensor. The ISP 130
may also perform color correction in terms of brightness or
contrast, color harmony, quantization, color conversion into
a different color space, and so on. The ISP 130 may
periodically store the processed image data in the external
memory 30 via the system bus 180.

[0064] The GPU 150 may read and execute program
instructions involved in graphics processing. For instance,
the GPU 150 may process graphical figures at a high speed.
The GPU 150 may also convert data read by the memory
controller 160 from the external memory 30 into a signal
suitable to the display device 20. Apart from the GPU 160,
a graphics engine or a graphics accelerator may also be used
for graphics processing.

[0065] The post processor 170 may perform post process-
ing on an image or an image signal to be suitable to an output
device (e.g., the display device 20). The post processor 170
may enlarge, reduce, or rotate an image to be suitable for
output. The post processor 170 may store the post-processed
image data in the external memory 30 via the system bus 180
or may directly output the post-processed image to the
display controller 140 on the fly.

[0066] The memory controller 160 interfaces with the
external memory 30. The memory controller 160 controls
the overall operation of the external memory 30 and controls
data exchange between a host and the external memory 30.
For instance, the memory controller 160 may write data to
or read data from the external memory 30 at the request of
the host. Here, the host may be a master device such as the
CPU 100, the GPU 150, or the display controller 140. The
memory controller 160 may read image data from the
external memory 30 and provide the image data for the
display controller 140 in response to an image data request
of the display controller 140.

[0067] The display controller 140 controls the operations
of'the display device 20. The display controller 140 receives
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image data to be displayed on the display device 20 via the
system bus 180, converts the image data into a signal (e.g.,
a signal complying with an interface standard) for the
display device 20, and transmits the signal to the display
device 20. The display controller 140 may transmit image
data to the display device 20 according to the mobile
industry processor interface (MIPI®) D-PHY standard,
embedded DisplayPort (eDP), or low voltage differential
signaling (LVDS), but exemplary embodiments are not
restricted to these examples. The display controller 140 may
request frame data from the memory controller 160 at a
predetermined interval and receive image data frame by
frame.

[0068] The elements 100, 110, 120, 130, 140, 150, 160,
and 170 may communicate with one another via the system
bus 180. In other words, the system bus 180 connects to each
of the elements 100, 110, 120, 130, 140, 150, 160, and 170,
functioning as a passage for data transmission between
elements. The system bus 180 may also function as a
passage for transmission of a control signal between ele-
ments.

[0069] The system bus 180 may include a data bus for
transmitting data, an address bus for transmitting an address
signal, and a control bus for transmitting a control signal.
The system bus 180 may include a small-scale bus, i.e., an
interconnector for data communication between predeter-
mined elements.

[0070] FIG. 3Ais a block diagram of an example 200a of
the display driver 200 illustrated in FIG. 1. Referring to
FIGS. 1 and 3A, the display driver 2004 includes an inter-
face circuit (I/F) 210, a converted data generator 300, a
timing controller (TCON) 220, a selector 230, a source
driver 240, a gate driver 250, and a register 260.

[0071] The interface circuit 210 receives image data IDAT
from a host, i.e., the SoC 10. The image data IDAT may be
transmitted frame by frame from the SoC 10 to the interface
circuit 210. The image data IDAT may include at least one
bit per pixel, but the number of bits per pixel may be
changed according to a color mode. For instance, the image
data IDAT may be n-bit-per-pixel data or m-bit-per-pixel
data, where “n” is an integer of at least 2 and “m” is an
integer of at least 1 and less than “n”.

[0072] The converted data generator 300 outputs con-
verted data FCDAT based on data RDAT received from the
SoC 10. The received data RDAT is of the same content as
the image data IDAT but may have a different format or
standard than the image data IDAT.

[0073] The converted data generator 300 may store the
whole or part of the received data RDAT and may convert
stored data into the converted data FCDAT. In detail, the
data generator 300 may encode the received data RDAT into
m-bit-per-pixel data, store the encoded data, convert the
encoded data into the converted data FCDAT, and output the
converted data FCDAT. The structure and operations of the
converted data generator 300 will be described in detail later.
[0074] The selector 230 selects and outputs either the
converted data FCDAT or the received data RDAT according
to a selection signal SEL. The selector 230 may be imple-
mented as a multiplexer (MUX) or a switching circuit. The
source driver 240 outputs source data SS to a plurality of
source lines of the display panel 25 based on output data
SDAT of the selector 230.

[0075] The position of the selector 230 may be changed.
For instance, the selector 230 may be placed behind the
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interface circuit 210, i.e., in front of the converted data
generator 300 to selectively output the received data RDAT
to the source driver 240 or the converted data generator 300
according to the operating mode of the display device 20 or
the electronic system 1. For instance, the converted data
generator 300 may be disabled and the selector 230 may
output the received data RDAT to the source driver 240 in
a first operating mode. The converted data generator 300
may be enabled and the selector 230 may output the received
data RDAT to the converted data generator 300 in a second
operating mode. The operating mode may be determined or
set by the SoC 10.

[0076] The display panel 25 may include a plurality of
source lines (referred to as “data lines™), a plurality of gate
lines, and a plurality of pixels. Each of the pixels may be
connected to one of the source lines and one of the gate lines.
The display panel 25 may be a thin film transistor LCD
(TFT-LCD) panel, an LED display panel, or an OLED
display panel, but exemplary embodiments are not restricted
to these examples.

[0077] The timing controller 220 may generate a plurality
of control signals including a first control signal CON1 and
a second control signal CON2. The timing controller 220
may transmit a reference signal TE for transmission of the
image data IDAT to the SoC 10. The reference signal TE will
be described with reference to FIG. 11 later.

[0078] The gate driver 250 may sequentially drive the gate
lines in response to the first control signal CON1. The first
control signal CON1 may be a signal for instructing the gate
driver 250 to start the scanning of the gate lines. The gate
driver 250 may sequentially output a gate driving signal GS
to the gate lines.

[0079] The source driver 240 may output the source
driving signal SS for driving the source lines of the display
panel 25 in response to the second control signal CON2 from
the timing controller 220 and the output data SDAT.
[0080] The register 260 stores values needed by the con-
verted data generator 300 to generate the converted data
FCDAT.

[0081] The SoC 10 transmits a command CMD for con-
trolling the operation of the display driver 200a. The com-
mand CMD includes a register setting command for setting
the register 260. The interface circuit 210 may set the
register 260 in response to the register setting command
issued from the SoC 10.

[0082] The command CMD may be transmitted through
the same channel as or a different channel than the image
data IDAT. The display driver 200a may transmit a response
to the command CMD to the SoC 10. A channel for
transmitting the image data IDAT and/or the command
CMD may be a full- or half-duplex channel.

[0083] FIG. 3B is a block diagram of a modified example
2006 of the display driver 200a illustrated in FIG. 3A.
Because the structure and operations of the display driver
2005 illustrated in FIG. 3B are similar to those of the display
driver 200q illustrated in FIG. 3A, the description will be
focused on the differences therebetween.

[0084] The display driver 2005 illustrated in FIG. 3B
further includes a data processor 270 as compared to the
display driver 2004 illustrated in FIG. 3A. The data proces-
sor 270 may perform image processing, for example, for
reinforcement (such as extension, improvement, or enhance-
ment) of an input image in order to increase the visual
perception of an image to be displayed on the display panel
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25. For instance, the data processor 270 may perform image
processing like image reinforcement on the output data
SDAT, and then output processed data PDAT to the source
driver 240.

[0085] FIG. 4 is a block diagram of an example 300a of
the converted data generator 300 illustrated in FIGS. 3A and
3B. Referring to FIG. 4, the converted data generator 300a
includes a partial graphics RAM (GRAM) 310 and a color
converter 320. The partial GRAM 310 stores m-bit data per
pixel GDAT. The color converter 320 converts the m-bit data
per pixel GDAT stored in the partial GRAM 310 into n-bit
full color data per pixel to output the n-bit converted data
FCDAT.

[0086] The register 260 may store at least one conversion
data set. The conversion data set is data that defines mapping
between m-bit data and n-bit converted data. The converted
data may be set as a full color data value (e.g., RGB data)
corresponding to each possible value of the m-bit data.

[0087] FIG. 5 is a diagram for explaining the operation of
the converted data generator 300a illustrated in FIG. 4 in a
personal electronic device la, according to one or more
exemplary embodiments. Referring to FIGS. 4 and 5, a
partial GRAM 310a may store 1-bit data per pixel GDAT
(where “m” is 1). The 1-bit data per pixel GDAT may have
a value of “1” or “0”.

[0088] A color converter 320a may receive the 1-bit data
per pixel GDAT, may output first full color data (e.g., R=6B,
G=6B, and B=CF) in a conversion data set defined in the
register 260 when the 1-bit data per pixel GDAT is “1”, and
may output second full color data (e.g., R=D9, G=D9, and
B=D?9) in the conversion data set in the register 260 when
the 1-bit data per pixel GDAT is “0”. The full color data
FCDAT may be 24-bit data per pixel, i.e., data composed of
8-bit R data, 8-bit G data, and 8-bit B data. However,
exemplary embodiments are not restricted to the current
exemplary embodiments.

[0089] The conversion data set (e.g., the first and second
full color data) in the register 260 may be changed according
to the command CMD of the SoC 10. For instance, the SoC
10 may newly set the conversion data set (e.g., the first and
second full color data) or change a value in the register 260
using a register setting command.

[0090] The converted data FCDAT output from the color
converter 320q is input to the source driver 240. The source
driver 240 drives the display panel 25 based on the con-
verted data FCDAT, so that an image of a color correspond-
ing to the converted data FCDAT is displayed.

[0091] Accordingly, a color of a background 25-1 and a
color of a non-background 25-2 in a display screen 25a can
be set by a user, and can be changed by the user’s setting.
When the color of the background 25-1 and the color of the
non-background 25-2 are changed according to a user’s
setting, the SoC 10 may change the conversion data set
stored in the register 260 using the register setting command.
As a result, the color of the background 25-1 and the color
of the non-background 25-2 are changed on the display
screen 25a.

[0092] FIG. 6 is a diagram for explaining the operation of
the converted data generator 300q illustrated in FIG. 4 on a
personal electronic device la, according to one or more
exemplary embodiments. Referring to FIGS. 4 and 6, the
partial GRAM 310a may store the 1-bit data per pixel GDAT
(where “m” is 1). The 1-bit data per pixel GDAT may have
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a value of “1” or “0”. The register 260 may store a plurality
of conversion data sets corresponding to a plurality of
display areas.

[0093] A color converter 3205 may receive the 1-bit data
per pixel GDAT and may generate the converted data
FCDAT having a different value according to a display area
to which the data GDAT belongs. For instance, the color
converter 3205 may output first full color data (e.g., R=238,
G=182, and B=120) in a first conversion data set defined in
the register 260 when the 1-bit data per pixel GDAT belongs
to a first display area “Area 1” and has a value of “1”. The
color converter 3205 may output second full color data (e.g.,
R=00, G=00, and B=00) in the first conversion data set
defined in the register 260 when the 1-bit data per pixel
GDAT belongs to the first display area “Area 1” and has a
value of “0”.

[0094] The color converter 3206 may output third full
color data (e.g., R=255, G=255, and B=255) in a second
conversion data set defined in the register 260 when the 1-bit
data per pixel GDAT belongs to a second display area “Area
2” and has a value of “1”. The color converter 3206 may
output fourth full color data (e.g., R=00, G=00, and B=00)
in the second conversion data set defined in the register 260
when the 1-bit data per pixel GDAT belongs to the second
display area “Area 2” and has a value of “0”.

[0095] As described above, a display screen 2554 is divided
into at least two display areas and different conversion data
sets are defined for the respective display areas, so that a
different color may be set for each display area.

[0096] Even when the background 25-1 corresponds to
multiple display areas, the background 25-1 of the display
screen 25b may be displayed in the same color by setting full
color data values corresponding to “0” of each area to be the
same. A non-background image in a different display area
may be displayed in different colors by setting full color data
values corresponding to 1 of each area to be different
according to the display areas. For instance, when time 25-2
is displayed in the first display area “Area 1” and tempera-
ture 25-3 is displayed in the second display area “Area 27,
as shown in FIG. 6; color in which the time 25-2 is displayed
may be different from color in which the temperature 25-3
is displayed.

[0097] The partial GRAM 310a illustrated in FIGS. 5 and
6 stores 1-bit data per pixel, but according to one or more
exemplary embodiments, it may store 2-, 3- or 4-bit data per
pixel. In other words, the number of bits stored in GRAM
per pixel may be changed.

[0098] As described above, according to one or more
exemplary embodiments, full color data (i.e., n-bit-per-pixel
data) is generated and displayed using the partial GRAM
310 having a small capacity which stores m-bit data per
pixel, so that power consumption and cost can be reduced.
In addition, color displayed by the full color data may be
changed according to time or a display area, so that diversity
and convenience for user can also be satisfied.

[0099] FIG. 7 is a block diagram of another example 300¢
of the converted data generator 300 illustrated in FIGS. 3A
and 3B, according to one or more exemplary embodiments.
FIGS. 8A through 8C are diagrams for explaining the
operation of the converted data generator 300¢ illustrated in
FIG. 7, according to one or more exemplary embodiments.
More particularly, FIG. 8A represent an exemplary embodi-
ment of the received data RDAT input to the pixel encoder
330, FIG. 8B represent an exemplary embodiment of the
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encoded data GDAT stored in the partial GRAM 310, FIG.
8C represent an exemplary embodiment of the converted
data FCDAT converted by the color converter 320. Referring
to FIGS. 7, 8A, 8B, and 8C, the converted data generator
300¢ is different from the converted data generator 300a
illustrated in FIG. 4 in that the converted data generator 300¢
further includes a pixel encoder 330. The differences
between the converted data generators 300¢ and 300a will
be focused in the description below to avoid redundancy.
[0100] The pixel encoder 330 may encode the received
data RDAT into the m-bit data per pixel GDAT and store the
m-bit data per pixel GDAT in the partial GRAM 310. The
received data RDAT may be n-bit data per pixel.

[0101] The received data RDAT may be 24-bit data per
pixel, i.e., data composed of 8-bit R data, 8-bit G data, and
8-bit B data. At this time, the pixel encoder 330 may convert
the 24-bit data per pixel RDAT into the 2-bit data per pixel
GDAT according to a predetermined data encoding rule.
[0102] For instance, as shown FIGS. 8A and 8B, the pixel
encoder 330 may output “00” as the encoded data GDAT
when R, G, and B data are all “00”; may output “11” as the
encoded data GDAT when R, G, and B data are all “FF”’; and
may output “01” as the encoded data GDAT when not all of
R, G, and B data are “00” or “FF”’. However, this is just an
example of the data encoding rule of the pixel encoder 330
and exemplary embodiments are not restricted to this
example. The data encoding rule of the pixel encoder 330
may be set or changed by a host.

[0103] The partial GRAM 310 stores the encoded data
GDAT output from the pixel encoder 330. Consequently, the
partial GRAM 310 stores the 2-bit data per pixel GDAT.
[0104] The color converter 320 may convert the 2-bit data
per pixel GDAT stored in the partial GRAM 310 into 8-bit
R, G, and B data referring to the register 260, thereby
outputting the 24-bit converted data per pixel FCDAT
(where “n”=24). For instance, as shown in FIGS. 8B and 8C,
the color converter 320 may output “FF”, “FF”, and “FF” as
the R, G, and B data when the encoded data GDAT is “117;
may output “00”, “00”, and “00” as the R, G, and B data
when the encoded data GDAT is “00”; and may output “FF”,
“99”, and “00” as the R, G, and B data when the encoded
data GDAT is “01”. However, a value of the converted data
FCDAT mapped to each value of the encoded data GDAT
may be changed. The value of the converted data FCDAT
mapped to each value of the encoded data GDAT may be
stored in the register 260. The register 260 may be set or
changed in response to a register setting command of a host.
[0105] FIG. 9 is a diagram of the register 260 according to
one or more exemplary embodiments. Referring to FIG. 9,
the register 260 may include a color mode field 261, a color
programming field 262, a multi-area field 263, a multi-time
field 264, a first color set field 265, a second color set field
266, and a third color set field 267. The color mode field 261
indicates the number of bits per pixel in the image data IDAT
transmitted by a host, i.e., the SoC 10 to the display driver
200. For instance, when the color mode field 261 is set to
“117, the SoC 10 transmits the image data IDAT having 24
bits per pixel, i.e., 8-bit R, G, and B data. When the color
mode field 261 is set to “10”, the SoC 10 transmits the image
data IDAT having 18 bits per pixel, i.e., 6-bit R, G, and B
data. When the color mode field 261 is set to “01”, the SoC
10 transmits the image data IDAT having 2 bits per pixel.
When the color mode field 261 is set to “00”, the SoC 10
transmits the image data IDAT having 1 bit per pixel.
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However, this is just an example. The number of bits of the
color mode field 261 and the number of bits in the image
data IDAT may be changed.

[0106] When the SoC 10 transmits the n-bit image data per
pixel IDAT to the display driver 200, the display driver 200
may encode the received n-bit data per pixel into m-bit data
per pixel and store the encoded data in the partial GRAM
310. When the SoC 10 transmits the m-bit image data per
pixel IDAT, the display driver 200 may store the m-bit
received data per pixel in the partial GRAM 310 without
encoding it.

[0107] The color programming field 262 indicates whether
a conversion data set can be changed. As described above,
the conversion data set is a lookup table or a table which
defines the mapping between the data GDAT and the con-
verted data FCDAT. For instance, when the color program-
ming field 262 is set to “1”, the conversion data set can be
changed by the command of a host. When the color pro-
gramming field 262 is set to “0”, it may be impossible to
change the conversion data set that has been initially set. A
plurality of conversion data sets may be defined so that
different colors are used according to display areas or time
periods.

[0108] The multi-area field 263 indicates whether to use
different conversion data sets for multiple display areas. For
instance, when the multi-area field 263 is set to “1, it may be
possible to use different conversion data sets for multiple
display areas. When the multi-area field 263 is set to “0”, one
conversion data set may be used for an entire display area.
When the multi-area field 263 is set to “1”, a field for
defining the multiple display areas may be additionally set.
[0109] The multi-time field 264 indicates whether to use
different conversion data sets for multiple time periods. For
instance, when the multi-time field 264 is set to “17, it is
possible to use different conversion data sets for multiple
time periods. When the multi-time field 264 is set to “0”, one
conversion data set may be used for an entire time period.
When the multi-time field 264 is set to “1”, a field for
defining the multiple time periods may be additionally set.
[0110] The first through third color set fields 265 through
267 are fields for storing a plurality of conversion data sets.
According to the setting of the multi-area field 263 and the
multi-time field 264, only the first color set field 265 may be
used, or each of the first through third color set fields 265
through 267 may be used. More color sets may be used in
addition to the first through third color set fields 265 through
267 in one or more exemplary embodiments.

[0111] FIGS. 10A through 10D are tables of conversion
data sets according to one or more exemplary embodiments.
FIG. 10A shows a conversion data set defining the mapping
between m-bit data per pixel and n-bit data per pixel, where
m=1. FIG. 10B shows a first conversion data set defining the
mapping between m-bit data per pixel and n-bit data per
pixel for the first display area “Area 17 and a second
conversion data set defining the mapping between m-bit data
per pixel and n-bit data per pixel for the second display area
“Area 2”7, where m=1. FIG. 10C shows a conversion data set
defining the mapping between m-bit data per pixel and n-bit
data per pixel, where m=2. FIG. 10D shows a first conver-
sion data set defining the mapping between m-bit data per
pixel and n-bit data per pixel for a first time period “Time 1”
and a second conversion data set defining the mapping
between m-bit data per pixel and n-bit data per pixel for the
second time period “Time 2, where m=1.
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[0112] FIG. 11 is a timing chart of signals for explaining
a method of operating a display driver according to one or
more exemplary embodiments. The method illustrated in
FIG. 11 may be performed by the display driver 200a or
2005 illustrated in FIG. 3A or 3B.

[0113] Referring to FIG. 11, the display driver 200a or
2005 generates a vertical synchronization signal Vsync for
the synchronization of frame data. The display driver 200a
or 20056 may output the source data SS to the display panel
25 in response to the vertical synchronization signal Vsync.
[0114] The display driver 200a or 2005 may output the
reference signal TE for data transmission to the SoC 10. The
SoC 10 may transmit the image data IDAT to the display
driver 200a or 2005 frame by frame in response to the
reference signal TE of the display driver 200a or 2005. For
instance, the SoC 10 may transmit first frame data “Image 17
to the display driver 200a or 2005 in response to a rising
edge of the reference signal TE. The display driver 200a or
2005 may drive the display panel 25 using the source data
SS based on the first frame data “Image 1” in response to a
rising edge of the vertical synchronization signal Vsync.
Alternatively, the display driver 200a or 2005 may store
m-bit data per pixel (where “m™ is an integer of at least 1)
in the partial GRAM 310 based on the first frame data
“Image 17, may convert the m-bit data per pixel stored in the
partial GRAM 310 into first n-bit converted data per pixel,
and may drive the display panel 25 based on the first
converted data. A first conversion data set used to convert
m-bit data per pixel into the first n-bit converted data per
pixel may be stored in the register 260 according to a register
setting command of the SoC 10 before the display driver
200a or 2005 receives the first frame data “Image 1”.
[0115] The SoC 10 may transmit second frame data
“Image 2” to the display driver 200a or 2005 in response to
a subsequent rising edge of the reference signal TE. The
display driver 200a or 2005 may drive the display panel 25
using the source data SS based on the second frame data
“Image 2” in response to a subsequent rising edge of the
vertical synchronization signal V sync.

[0116] The SoC 10 may transmit at least one register
setting command CMD1, CMD2, or CMD3 to the display
driver 200a or 2005 after transmitting each of the first
through third frame data “Image 17, “Image 2”, and “Image
3”. The register setting commands CMD1, CMD2, and
CMD3 may be used to set or change a conversion data set.
The display driver 200a or 2005 sets the conversion data set
in the register 260 in response to the register setting com-
mands CMD1, CMD2, and CMD3.

[0117] According to the interface standard set between the
SoC 10 and the display driver 200a or 2005, the SoC 10 may
transmit the image data IDAT and the command CMD to the
display driver 200a or 2005 through one channel or through
different channels, respectively. Accordingly, the register
setting commands CMD1, CMD2, and CMD3 may have
different transmission times.

[0118] When the conversion data set is changed in the
register 260, the changed converted data set may be used for
the color of subsequent frame data. For instance, when the
display driver 200a or 20056 changes the conversion data set
in the register 260 in response to the register setting com-
mand CMD1, the changed conversion data set may be used
starting with the second frame data “Image 2”.

[0119] FIG. 12 is a block diagram of an electronic system
1000 including a display device 20 according to one or more
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exemplary embodiments. The electronic system 1000 may
be implemented as a data processing apparatus, such as a
mobile phone, a personal digital assistant (PDA), a portable
media player (PMP), an Internet Protocol television (IP TV),
or a smart phone that can use or support the MIN interface.
The electronic system 1000 includes an application proces-
sor 1010, an image sensor 1040, and a display 1050.

[0120] A camera serial interface (CSI) host 1012 included
in the application processor 1010 performs serial commu-
nication with a CSI device 1041 included in the image
sensor 1040 through the CSI. For example, an optical
de-serializer (DES) may be implemented in the CSI host
1012, and an optical serializer (SER) may be implemented
in the CSI device 1041.

[0121] A display serial interface (DSI) host 1011 included
in the application processor 1010 performs serial commu-
nication with a DSI device 1051 included in the display 1050
through DSI. For example, an optical serializer may be
implemented in the DSI host 1011, and an optical de-
serializer may be implemented in the DSI device 1051.

[0122] The electronic system 1000 may also include a
radio frequency (RF) chip 1060 which communicates with
the application processor 1010. A physical layer (PHY) 1013
of the electronic system 1000 and a PHY 1061 of the RF
chip 1060 communicate data with each other according to a
MIPI DigRF standard. The electronic system 1000 may
further include at least one element among a GPS 1020, a
storage device 1070, a microphone 1080, a DRAM 1085 and
a speaker 1090. The electronic system 1000 may commu-
nicate using World Interoperability for Microwave Access
(Wimax) 1030, Wireless LAN (WLAN) 1031, Universal
Serial Bus (USB) or Ultra Wideband (UWB) 1032 etc.

[0123] FIG. 13 is a block diagram of an image processing
system 1100 including a display device according to one or
more exemplary embodiments. Referring to FIG. 13, the
image processing system 1100 may be implemented as a
mobile phone, a personal digital assistant (PDA), a portable
media player (PMP), an IP TV, a smart phone, or a wearable
device (e.g., a smart watch), but is not restricted to them. The
image processing system 1100 may include a processor
1110, a memory 1120, the image sensor 1130, a display unit
1050, and an OF 1140.

[0124] The processor 1110 may control the operation of
the image sensor 1130. The processor 1110 may determine
whether a camera is in a predetermined mode (for example,
a live-view mode or a preview mode) and control the image
sensor 1130 to operate in a skip mode.

[0125] The memory 1120 may store a program for con-
trolling the operation of the image sensor 1130 through a bus
1160 according to the control of the processor 1110 and may
also store the image. The processor 1110 may access the
memory 1120 and execute the program. The memory 1120
may be formed as a non-volatile memory.

[0126] The image sensor 1130 may operate in the skip
mode or the normal mode, and generate image information,
under the control of the processor 1110.

[0127] The display unit 1150 may receive the image from
the processor 1110 or the memory 1120 and display the
image on a display (e.g., a liquid crystal display (LCD) or an
active-matrix organic light emitting diode (AMOLED) dis-
play). The I/F 1140 may be formed for the input and output
of the two or three dimensional image. The I/F 1140 may be
implemented as a wireless I/F.
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[0128] As described above, according to one or more
exemplary embodiments, a display driver implements full
color (e.g., 24-bit-per-pixel data) using small-capacity
GRAM. As a result, the power consumption of the display
driver and a system including the display driver is reduced.
Because the small-capacity GRAM is used, cost is also
reduced.

[0129] While exemplary embodiments have been particu-
larly shown and described, it will be understood by those of
ordinary skill in the art that various changes in forms and
details may be made therein without departing from the
spirit and scope of the inventive concept as defined by the
following claims.

1. A display driver comprising:

an interface circuit configured to receive image data from
a host;

a graphics memory configured to store m-bit data per
pixel corresponding to the received image data, m
being an integer greater than zero;

a color converter configured to convert the m-bit data per
pixel stored in the graphics memory into n-bit data per
pixel and to output n-bit converted data, n being an
integer greater than m;

a selector configured to selectively output one among the
n-bit converted data and the image data received from
the host; and

a source driver configured to drive a display panel based
on output data of the selector.

2. The display driver of claim 1, further comprising a

register configured to store a register setting,

wherein the color converter is further configured to con-
vert the n-bit data according to the register setting.

3. The display driver of claim 1, wherein the color
converter is further configured to output first predetermined
RGB data as the n-bit converted data in response to the m-bit
data per pixel being one, and output second predetermined
RGB data as the n-bit converted data in response to the m-bit
data per pixel being zero.

4. The display driver of claim 1, wherein integer m being
one; and

the color converter is further configured to output first
predetermined RGB data as the n-bit converted data in
response to the m-bit data per pixel being one and
corresponding to a first area, output second predeter-
mined RGB data as the n-bit converted data in response
to the m-bit data per pixel being one and corresponding
to a second area, output third predetermined RGB data
as the n-bit converted data in response to the m-bit data
per pixel being zero and corresponding to the first area,
and output fourth predetermined RGB data as the n-bit
converted data in response to the m-bit data per pixel
being zero and corresponding to the second area.

5. The display driver of claim 1, further comprising a
register configured to store at least one conversion data set
which defines a mapping between the m-bit data per pixel
and the n-bit converted data.

6. The display driver of claim 5, wherein the display
driver is further configured to change the at least one
conversion data set in the register in response to receiving a
register setting command from the host.

7. The display driver of claim 5, wherein the at least one
conversion data set comprises a first conversion data set of
a plurality of conversion data sets corresponding to a first
area of a plurality of display areas and a second conversion
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data set of the plurality of conversion data sets correspond-
ing to a second area of the plurality of display areas.

8. The display driver of claim 5, wherein the at least one
conversion data set comprises a first conversion data set of
a plurality of conversion data sets corresponding to a first
time period of a plurality of time periods and a second
conversion data set of the plurality of conversion data sets
corresponding to a second time period of the plurality of
time periods

9. The display driver of claim 5, wherein the register is
further configured to store:

a color mode field indicating a number of bits per pixel in

the image data; and

a color programming field indicating whether the at least

one conversion data set can be changed.

10. The display driver of claim 9, wherein the number of
bits per pixel in the image data is n in response to the color
mode field being set to a first color mode value, and the
number of bits per pixel in the image data is m in response
to the color mode field being set to a second color mode
value.

11. The display driver of claim 1, further comprising a
pixel encoder configured to encode the n-bit data per pixel
image data into the m-bit data per pixel according to a
predetermined encoding rule.

12. A display device comprising:

a display panel configured to display an image signal; and

a display driver configured to drive the display panel, the

display driver comprising an interface circuit config-
ured to receive image data having at least one bit per
pixel from a host, a converted data generator config-
ured to generate n-bit converted data per pixel based on
at least one conversion data set which defines a map-
ping between m-bit data and n-bit data, m being an
integer greater than zero and n being an integer greater
than m, and a source driver configured to drive the
display panel based on data selected from among the
received image data and the converted data,

wherein a first conversion data set of the at least one

conversion data set corresponds to one among a first
time period of a plurality of time periods and a first
display area of a plurality of display areas.

13. The display device of claim 12, wherein the display
driver further comprises a register configured to store a
plurality of conversion data sets, each of the plurality of
conversion data sets corresponding to one among the plu-
rality of time periods and the plurality of display areas.
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14. The display device of claim 13, wherein a conversion
data set of the plurality of conversion data sets is changed
according to a register setting command of the host.

15. The display device of claim 13, wherein the converted
data generator comprises:

a graphics memory configured to store the m-bit data per

pixel; and

a color converter configured to convert the m-bit data per
pixel data into the n-bit converted data per pixel
converted data according to a conversion data set of the
plurality of conversion data sets.

16. The display device of claim 15, wherein the converted
data generator further comprises a pixel encoder configured
to encode the n-bit data per pixel image data received by the
interface circuit into the m-bit data per pixel according to a
predetermined encoding rule.

17. The display device of claim 15, wherein the integer m
is one among one and two.

18. The display device of claim 15, wherein the plurality
of display areas comprises the first area and a second area,
and the register is further configured to store the first
conversion data set corresponding to the first area and a
second conversion data set corresponding to the second area.

19.-25. (canceled)

26. A display driver comprising:

an interface circuit configured to receive image data from
a host;

a graphics memory configured to store m-bit data per
pixel corresponding to the received image data, m
being an integer greater than zero;

a color converter configured to convert the m-bit data per
pixel stored in the graphics memory into n-bit data per
pixel and to output n-bit converted data, n being an
integer greater than m;

a selector configured to selectively output one among the
n-bit converted data and the image data received from
the host;

a data processor configured to perform image processing
on output data of the selector and generate a processed
image signal; and

a source driver configured to drive a display panel based
on the processed image signal.

27. The display driver of claim 26, further comprising a
pixel encoder configured to encode the n-bit data per pixel
image data from the interface circuit into the m-bit data per
pixel according to a predetermined encoding rule and output
the m-bit data per pixel to the graphics memory.
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