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timing controller configured to generate the strobe signal. The receiver is configured to detect occurrence of transmission error in data
transmission about each line. The timing controller is configured to generate the strobe signal in response to a detection result of the

occurrence of transmission error.
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DEVICE AND METHOCD FOR DRIVING DISPLAY PANEL
IN RESPONSE TO IMAGE DATA

Technical Field

[

sp

driver and a display apparatus, and especially, to a

ay

p=ie

Foool] The present invention relates to a d

technique o©f transmissiocon of image data te a display
driver that drives a display panel

Background Axrt

[ooozi As well-known to a skilled person 1in  the
technical £field, the image data rregspeonding to an

-

image tCo be displayed on a display panel are transmitt

e
to a display driver that drives the display panel (2.9g.

a liguid crystal display panel and OLED (organic light
emitting diode display) panel}. Typically, the image
data containe data for specifying a gray scale of each

pixel, and a pixel circuit of each pixel of the display

panel is driven in response to the image data.

[00031 Cne f problems that possibly occur in case of
transmission £ the image data to the display driver is

coccurrence of transmission error when noise 1s applied

to a transmission signal line on which the image data
are transmitted. For exanmple, when the transmission of

ot

the image data toe the display driver has failed due to

th tranemission error, the wmigsing c¢f the image data
occurs 1in the display driver. Especially, when high-
voltage noise is continuously applied to the
transmission line 3T which the image data are
transmitted, the transmisgsion of the image data

o
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corresponding to a series cof pixele fails, and
distorti of the display 1image occurs. Alsoc, when

falling ir the transmission of a control packet to
control the operation of the display driver in each
heorizontal sync pericd due to the transmission error,

the distorticon of the display image could occur.

(00041 FIG. 1 shows an example of a display screen
when the high-voltage noilse is continuocusly applied to

miss the image data. When the transmission cof the image

data of & series of pixels o¢of a specific line has
failed, & linear mage distortion occurs. A part A of
FIG. 1 schematical shows the socurrence £ image

-

distortion. The occurrence of such an image distorticn
is mnot desirable. The technical needs ex

st to cope

[R
[
-y

the 1image distortion which is caused through the

wi
failure of the recepticn of the image data.

Summary of Invention

00051 Therefore, one object c¢f the present invention
is to provide the technigue to cope with the image

ja B

istortion which is caused for the reason of the
transmission error in the data transmission. Other
objects o©f the present inventicn will be understood to

b
the skilled perscn from the fcllowing disclosure.

(00061 In an ewmbodiment, a display driver includes: a
receiver configured to receive 1image data of each line
of a display panel from an external device; a line latch

clrcuit having & line latch ceonfigured to latch the

image data o¢f each line received by the receiver in
response to a strobe signal; a driving circuit section
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which drives the display panel in response to the image
data latched by the line latch; and a timing contreller
configured to generate the strobe signal. The receiver
is nfigured to detect occurrence of transmission error
in data transmission about each line. The timing
controller 1is configured to generate the strobe signal
in response to a detection result of the occurrence of
transmission error.

(00071 In othe embodiment, a display driver
includes: a rece configured to receive i1mage data of
each line of a display panel from an external device; a
line memory rcult cowmprising a first memory area and a
second memory area, each of which ig configured to be
able to store the image data for one line; a gtorage
circuit configured to store the image data of a
pilurality of lines; a driving cilrcuit section which
driveg the display panel in response to the image data
outputted from the storage circuilit; and a timing
controller. The receiver 1is configured to detect the
occurrence of transmission erroxr in the data
transmission abou each line. The storage circuit is
configured to output the image data received from the
line memory circuit in a reception order. The line
memory circuilt is configured to write the image data
received from the receiver 1in one of the first and
gsecond memory areas according to a peinter received from
the timing controller, and to read the image data from
the other of the first and second mempry areas to
transmit to the stcocrage circuit. The timing controllerx

is configured to generate the pointer in response to a
detection result of the occurrence >f  transmission
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fooosl The display driver of such a configuration is
sultably used for the display apparatus.

[ooool FIG. 1 1is a diagram showing an example of the
displav screen when high-voltage noise i1s continuocusly

applied to cause the missing of image data.

F00106] FIa¢., 2 is a block diagram chematically showin
the configuration of a display apparatus according to an
embodiment .

foo11] FIG. 3 ig a block diagram schematically showing

the configuration of a display driver and an application
processor according to the present embodiment, which are

related to the operation of displayving an image on a

dieplay panel.

100127 FIG. 4A, FIG. 4B, and PIG. 4C are timing charts

showing the coperation of transmitting image data to the

display driver from the application processor.
(0013} FIG. 5 is a conceptual diagram showing a format

of a data stream transmitted to the igsplay driver from

the application processor

(00141 FIG. 64 1is a diagram showing the format of a

short packet.

[0015] FIG. 6B is a diagram showing the format of a
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00151 FIG. 7A is a timing chart showing the operation
of the display driver in a touch detection inexecution
mode and a V blank touch detection mode.

(00161 FIG. 7B is a timing chart showing the operation
of the display driver in a long H touch detection mocde
(00171 FILG. 8A is a bloc] diagram schematically
showing the operation of the display driver when being
set to the touch detection i1nexecuticn mode or the V
kbilank touch detection mode.

rooie] FIG. 8B is a bloch diagram showing the
operation of the display driver when the display driverx
is set tc the touch detection 1inexecution mode or the V
biank tcouch detection mode, and the occurrence of

transmission error has been detectec in  the data
transmission about a line #N.

fooi1¢9l FIG. 9 ie a timing chart showing the operation
of the display driver when the display driver is set to
the touch detection inexecution wmode cor the V Dblank
touch detecticon mode, and the occurrence of transmission
error 1s detected 1in a data transmission about a line
#5.

(00201 FIG. 10 dis a diagram showing an example in
which the image distortion caused by the tLransmission
2rror is restrained in the present embodiment.

(00211 FI1G 11A 1s a block diagram schematically
showing the operation of the display driver when Dbeing

%]
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set to the long H touch detection mode.

[oo221 FIG. 118 is a block diagram showing the
operation of the display driver when the display driver

is set to the long H touch detecticon mode, and the

occurrence of transmisgion error is detected in the data

==

00231 FIG. 12 is a timing chart showing the operation
of the display driver when the display driver is set to
the long H touch detection mode, and the occurrence of
transmission error is detected in the data transmission
about the line #5.

Detailed Description of Preferred Embodiments

Fo024] Herveinafter, embodiments will e degcribed with
reference to the attached drawings. Note that in the
folliowing description, an identical or corresponding
compenent is sometimes referred an identical or
correspoending reference numeral cor symbol.

(00251 FIG. 2 is a block diagram schematically sho

w
the configuration of a display apparatus 10 according

an embceocdiment. The display apparatus 10 includes a
isplay panel 1 and a touch contreoller built-in display

driver 2. The display apparatus 10 1is configured to
receive Iimage data from an application processor 3 and
digplay an im crresponding € the received image
data on the display panel 1 As the display panel 1,

for example, a liquid crystal display panel and an OLED

display panel can be used.
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({00261 In addition, the display apparatus 10 is
configured to carry out the touch detection to detect a
position where a conductive beody (typically, a finger of
the human body) touches the display panel 1. Detection

lectrodes (nct shown} are integrated on the display

is carried out based on the electric state of each

3

e

panel 1 for the tecuch detecticon, and the touch detection
i

detection electrode {(typically, a capacitance)

(00271 The display panel 1 has a display area 4 and a
gate driver circuit 5. A plurality of gate lines 6, a
pilurality of source lines 7 and a plurality of pixels 8
are arvanged 1in the display area 4. The pixelas 8 are
arranged in a matrix, and each pixel 8 is disposed at
the positicn where the corresponding gate line 6 and the

crresponding source line 7 intersect, and has a pixel
circuit. For example, when the display panel 1 is a

liguid crystal display panel, the pixel circuit wmay

contain a selection transistor, a pixel electrode and a
pixel capacity. Also, when the display panel 1 1s an
OLED isplay panel, the pixel circuilt may contain a
selecticon transistor, & drive transistor, & pixel

capacity and an corganic dicde devi

[oo2e] In the following escription, there 1is a case

d
that the pixels 8 connected with an identical gate line

€ are generally referred to ag a “line”,. That 1s, the
pixels B8 are arranged on the dispiay panel I to

configure a plurality of lines

00291 The gate driver circuit 5 drives the gate line
5 according to a control signal received from the touch

controller built-in display driver 2. In the present
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gembodiment, the gate driver circuits 5 of a pair are

Fh

provided on both gides ¢f the display area 4. The gate
driver circuit 5 is integrated on the display panel 1 by

a CoG {(Circuilt-on-Glass) technique,.

=
=3
[e]
98]
[ev]
i

The tcuch controller built-in display driver 2

6
o)
B
=
Q
¢t

tes as follows. At firest, the touch controllier

built-in display driver 2 drives the scource line 7 of
the display panel 1 according to image data received
from the applicaticon processor 3. At second, the to

controller built-in display driver 2 supplies a gate

control signal to the gate driver circult 5 tco control

the gate driver circuit 5. At third, the touch
controller built-in display driver 2 carries out the
operation c¢f the touch detection. More specifically,

the touch controller kuilt-in display driver 2 detects

the electric state (typically, a capacitance} of each

detection electrode of the display panel 1, and detects

ot

a position where the conductive body touches the display

panel 1 based on the detected electric state of each

detecticn electrode. When the tcuch detection of a
self-capacitance type is carrie out, the touch

controller built-in display driver 2 detects a mnmutual

capacitance formed between the drive electrode and the

detection electrode, and detects the position wheres the

cnductive boedy touches the display panel 1, from the

detected mutual capacitance. When the touch detection

[P e

of a mutual capacitance type is carried out, the touch

-

controller built-in display driver 2 detects the mutual
capacity formed Dbetween the drive electrode and the
detecticn electrcde and detects the positicon where the
conductive body touches the display panel 1, from the

-
1
L

detected mutual capacity. owing description,
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the touch controller built-in display driver 2 is merely
referred o as “the display driver 27, for
simplification of the description.

(00311 The operaticn of the display driver 2 is
controlled according to a trol packe received from
an applicaticn processor 3. As the controel packet, for
example, packets are given such as packets used for the
control of operaticon timing of the display driver 2
{e.g. a Vsync 8Start packet which specifies start timing
of a vertical sync (synchronization) periocd and a Hsync
Start packet which specifies start timing of a
horizontal sync period) and a packet storved with a
command to contrel the coperation of the display driver
2.

[oo321 FIG. 3 ias a block diagram schematically showing
the configuraticn that relates o the operation of
digplaving an image on the display panel 1, of the
digplay driver 2 and the application processor 3
according to the present embodiment. In the present

embodiment, the transmissicn cof image data and control
hrackets to the display driver 2 from the application
processor 3 is carried out based on MIPI DSI (Mobile
Industry Processor Interface Display Serial Interface).
The applicaticon procesgsgor 3 has an MIPI transmitter 9,
and the image data and the control packets which are
generated by the application processcr 3 are transmitted
to the display driver 2 by the MIPI transmitter 9.

00331 The display driver 2 includes an interface
control circuit 11, a selector 12, a line memory circult
13, & FIFO circuit 14, a Dbypass data bus 15, a Lline
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latch circult 16, a source driver circuit 17, a reglster
circuit 18, and a timing controller 19.

F0034] The interface control circuilt 11 has an MIPI
receiver 21, and receives the image data and the control
packets from the application processor 3 by using the
MIPI recelver 21. The interface contreol circuit 11
transmits the received image data to the eglector 12,
and interprets the received control packet to control

2ach circult contained
The MIPI
rthe transmission error
display dr

generates a ransmigs

t

in

iver 2 from the

receiver 21 ha

in the d:

ion error

g a function to detect
ta transmissgion to the
preccessor 2, and

detection signal 22
n

according to the detection resgult of transmission error.
When detecting the transmission error in case of
transmission of image data of some line to the display
driver 2, the MIPI receivery 21 activates the
transmission error detection signal 22. As described
later, when the transmisgsion error 1is detected by the
MIPI receiver 21, the display driver 2 operates to
restrain an image distortion.

t00358] The gelector 12, the line memory c¢ircuit 13,

the FIFC circuit i4

configures a

image data received
the line latch circuit

(0037
data received

the line memory

and the

transmisgion circuilt
from interface

_.r/\-

selector
interface

13 or

the

[
<

bypass data bus 15

group to transmit the

control circuit 11 to

12 transmits the image

control circuit 11 to

line latch circuit 16.
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3

00381 The 1ir

e memory cilircult 13 temporarily stores
the image data received from the sgselector to transmit to
the FIFO circuit 4, In the present embodiment, the
line memcry circuit 13 1is configured to store the image

data of pixels 8 for one line, and has memory areas 13

and 13,, each of which is configured to store the image

data of pixels 8 for one line.

(00391 The image data sent from the interface control

clrcuit 11 to the line memocry circuit 13 1s written in

which ¢f the memory areas 13, and 13,, and the image data

rtransmitted to the FIFO circuit 14 ig read from which of

the memory areas 13, and 13, of the line memory circuit

1
13. Which c¢f the memcry areas 13, and 13, is a

cessed 1s
e

c
gpecified based on a pointer 23 suppliled from the timing

controller 19. he pointer 23 takes two states. When
the pointer 23 1s in a first state (for example, when
the wvalue of the ocinter 23 1s “07), ~he image data

transmitted from the interface control circuit 11 to the

line wmemory circuit 13 1is written in the memory area

13, and the image data stored in the memory area 13, is
sent to the FIFO circuit 14. Cn the other hand, when

[oR
[0}

the pointer 23 is in a secon tate {for example, when
the value of the pointer 23 is *17), the image data sent
from the interface control circuit 11 to the line memory
circuit 13 1is written in the memory area 13,, and the

image data which has been stored in memory area 13, is

{

sent to the FIFO circult 14.

00401 The FIFC circuit 14 temporarily stores the
image data received from the line memory circuit 13 to
transmit to the line latch circuit 16. ‘he FIFPO circuilt

fed
=2
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14 has a predetermined number of memory aresas 141 to 14M

configured to each store the image data of pixels & for

one line. The FIFO circuit 14 configured to receive

-
H
L.

is
the image data of each line from the line memory circuit
13, and to transmit the idimage data to the line latch
circuit 16 in a reception order. The timing control
gignal 24 is supplied to the FIFC circuit 14 from the
timing controller 19, and the operation timing of the

FIFO circuit 14 is controlled in response to the timing

control signal 24. Neote that a memory circuilt may be
sed ¢ store the 1image data o¢f the pixels 8 for a

u o)
pilurality of lines instead of the FIFO circuit 14. For
frame memory may be used to store the image

data for one frame, instead of FIFC circuit 14.

.

00411 The bypass data bus 15 1is used c b

or

g

e

O

G]

[43]

o+
=
®

line memory circuit 13 and the FIFQO circuit 14 in the
1e

,{

transmission of the image data to the line latch circuilt

L

00421 The image data outputted freom the interface

=t

control circuit 11 is transmitted tce the line latch

ine mewmory circuilt and the

i
[
(o3

circuit 16 through the
..... 3 circuit 14, or transmitted to the line latch

circuit 16 through the bypass data bus 15, according ¢

an operation mode of the display driver 2. In the
operation mode to make the line mewmory circuit 13 and
the FIFO circuit 14 operate, the image data is
transmitted to the line latch circuit 16 through the
line mewmcry circuit 13 and the FIFO circuit 14. On the

other hand, 1in the operation wmode to pause the line
memory c¢ircuit 13 and the FIFO circuit 14, the inmage

data bypasses the line memory circuit 13 and the FIFC

12
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circuit 14 and is transmitted to the line latch circuit

16 through the bypass data bus 15.

[00431 The line latch circult 16 stores the image data
received through the FIFC circuit 14 or the bypass data
bus 15. The line latch circuit 16 has a first-stage
line latch 16, and an output stage line latch 16, . The

first-gstage line latch 16, is used to recelve the image
data from the FIFO circuit 14 or the bvpass data bus 15,

F
sta

-
}
L

N

and the output ine latch 1

ge
=

i
image data used to drive the source lines 7. The first-

-

stage line latch 1¢, and the

G

utput etage line latch 16

2
are each configured to store the image data cof pixels 38
for one line. The image data seguentially transmitted

3

to the line latch circuit 16 £f£rom the FIFC circuit 14 or
the bypass data bus 15 1is sequentially stored in the
first-stage line latch 16, in synchronization with a
timing c¢ontrol signal 25 supplied from the timing
controller 19. On the other hand, a strobe gignal 26 is

supplied from the timing controller 19 to the output

stage line latch 16,, and the output stage line latch 16,

latches the image data of pixels 8 for cne line frowm the

first-stage line latch 16, at a time, when the strobe
signal 26 1is activated. The image data of pixels 8 of
each line received by the MIPI receiver 21 is finally

1
[}
83
‘.5

smitted to the output stage line latch 16, and used
to drive the source lines 7. The strobe signal 26 is
activated Dbefore the start of each horizental sync
pericd in which the operation of driving the pixels 8 is
carried out, and in the horizontal sync pericd in which

o F
S o OF

the pixels 8 of some line are driven, the pixe

the line are driven according to the image data astored

it

in the output stage ine latch 16, in the horizontal
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sync periocd.

00447 The scurce driver c¢ircuit 17 operates as

drive circuit section which drives the pixels 8 of the

display panel 1 according to the image data stored 1
1t e

age line 1a

h 18 of the 1line latch

t
6. 1In each horizontal sync periocd in which the

n

B
1
L

operation of driving the pixels 8 is carrvied out, the

L line selected in the herizontal svyn

pixels 8 of the

pericd are driven.

00451 The register circuilt 18 and the timing

controller 19 configure a control circuilt section use

[

for the contrel of the operation of the disp
2 1

The register circuit 18 stores the regi

L.C

that 1s used for the control of the operaticn ocf the
display driver 2. The application processor 3 1is

accesgible to the register cirvcuit 18, and the register

value stored in the register circult 18 1is rewritable by

the application processor 3. The timing contreollier 18
controls the operation timing cf the isplay driver 2

according to a command held in the control  packet

received from the application processor 3 and the
register value stored in the register circuit 18, Fox

timing controller 19 supplies the pointerx

e
22 to the line memory circuilt 13, supplies the timing

control signal 24 to the FIFO circuit 14, and supplies

the timing control signal 25 and the strobe signal 26 to

the line latch circuilt 16.
00461 Here, note that the timing ccontroller 13

i
configured to generate the pointer 23 and the satrob

signal 26 according toe the transmission error detectio

14
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signal 22 received from the MIPI receiver 21. As could

ke understocod from the fellowing cconsideraticn, 1t 1is
useful for the purpose o) restraining a1 image
distortion caused by the transmission error in the data

transmission that the pointer 23 and the strobe signal

6 are generatesed 1in zresponse Lo the Cransmission error

(00471 Below, the operation of the display apparatus
1¢ will be described.
100487 FIG., 4A to FIG. 4C are timing charte showing

the operation of transmitting the 1im

o)

ge data to the

displilay driver 2 from the application processcer 3. In

FIG. 4A to FIG. 4C, the operation of transmitting the

image data of the line #N-1 to the line #N+2 (strict

Y
the image data of the pixels 8§ o¢f the lines #N-1 to
#N+2}) d1g shown. As mentioned above, in the present
embodiment, the transmission of the image data from the
application processcr 3 to the display driver 2 1is

carried out in conformity tce MIPI DSI.

In the data communication based on MIPI DSI,

two kinds of transmission lines: one clock lane and at
t one data lane are used. In the display apparatus

0 of the present embodiment, this meansg tThat the MIPI
transmitter 9 of the application processcr 3 and the
MIPLI receiver 21 of the display driver 2 are connected
by the c¢lock lane and at least 1 data lane. The cloc
ed to tranemit a differential clock signal,
and the data lane 1s used to transmit a differential

data signal.

15
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[C0501 2lseo, two communicate modeg: HS (high spesd)
mode and LP {(low power) mode are prepared for data
communication by the MIPI DSI. The HS mode i1a8 a
communicate mode to carry out data transmission at high
speed, and the LP mode is the communicate mode To carry
cout data transmissicn at low speed but low power
cnsumpticn. When the data t smission is carried out
in the HS mode , the differential clock signal is
supplied to the receiver through the clock lane The
receiver latches the differential data signal
transmitted on the data lane in synchronization with a
differential cloc signal supplied through the c¢lock
lane, to receive data transmitted by the differential
data signal. Cn the other hand, whe the data
transmission is carried out 1in the LP mode, the data
zignal in which a clock was embedded 1s transmitted to
the receiver through the data lane, The receiver
carries out clock reproduction to the data signal to
generate a clock signal, and latches the data signal in
synchreonization with the reproduced clock signal. The
clock lane does not participate in the data transmission

in the LP mode.

(00511 Note that the switching of the communication
mede is permitted to individually carry out to the clock
lane and the data lane. When the data transesmission isg
carried out in the HS mode both of the clock lane and
the data lane are set fto the HS wmode Onn the other
hand, when the data transmission 1s carried out in the
LP mode, the data lane is set to the LP mode but it is
not necegsary that the clock lane is sget to the LP mod
(00521 FIG. 4A shows the operation when the image data
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of the lines #N-1 to #N+2 are normally transmitted. It
is supposed that the clock lane 1s sget to the HS mode
and the data lane 12 set to the LP mode Iimmediately

hefore the transmisgsion £ the image data cof the line

=0

#N-1 is started. The explanatory remark “HS” of FiG. 4A
shows the HS mode and the explanatory remark “LP” shows

the LP mode.

(00531 When the image data of the line #N-1I are
transmitted, the data lane 1is first set teo the HS m
Next, & Hsync 8tart packet is ¢

lane. The Hsvync Start packet is 3

explanatory remark “Hsync” in FIG. 4A. After that, the
image data of the line #N-1 are transmitted through the
data lane. When the data transmission of the image

c 2s, the data lane 1is returned tec the LP mode.

cmpl
The transmission of the image data of the lines #N to
N

#1

+2 1s carvied out in the similar procedure

(00541 FIG. 4B and FIG. 4C show the operation when
neoise 1is applied teo the data lane 1in the case o¢f the
transmission of the image data of the line #N. When
noise is applied to the data lane, varicus phenomena
which bstruct th data ¢t smission in the data lane
n happen
[0055] Since the switching of the communication wmode
of the data lane in MIPI DBI is carried out by the

transition of the signal level of the transmission lines
which configure the data lane, the data e

1
sometimes changed from the HS mode to the LF mode, as

shown in FIG. 4B, when noise 1is applied to the data
lane. In this case, the transmission of a portion of
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the image data gupplied after application of the noise,

of the image data of the line #N 18 not carried out, and

a distortion of the image data occurs 1in the display
driver 2. The distorticn of the image data causes a
linear image distortion as shown in FIG. 1

==

0056 ] Alsoc, as 1in FIG., 4C, a synchronization loss

sometimes occurs between the c¢lock lane and the dat
lane through the application of the noise. In this

cage, the transmissicn of & porticn of the image data

supplied after application of the noise, of the I1mage
data of the line #N i1s not carried ocut, and a distortion
of the image data occuxrs 1in the display driver 2. The
distortion of the image data causes a linear image

distortion as shown in FIG. 1.

[0057] Below, a technigue to properly cope with the

occurrence of the image distortion when the transmission

error occurs will be described.

(00581 In order tc properly cope with the occurrence
of transmission error in the data transmission to the
display driver 2 from the application processor 3, it is
first desirable to detect the occurrence of transmission

error. Below, the detection of occocurrence

1
[}
83
o]
i3]
=
!_J -
u
]
‘..!
G
F-d

of
1 error 1in the present embodiment will be

(00597 As mentioconed above, in the present embodiment,

the image data of each line is transmitted to the MIPI

receiver 21 o¢f the display driver 2 £from the MIPI

transmitter 9 of the application processcor 3. n the
present embodiment, the MIPI receiver 21 is configured

18
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to detect the occurrence of transmission error of the

(00601 Iin the present embodiment, the MIPI receiver 2

is configured to detect the occurrence of transmissic

B

error by using n error detection c¢code which 1

2

contained in the data transmitted from the applicatic

procesgsor 3 to the display driver 2. FIG. 5 is
conceptual diagram showing the format of a data strea

sent frcom the application processor 3 to the display
r

driver Z. in PIG. b5, "YEYNC” shows a wvert
signal generated 1in the display driver 2, and “HSYNC

shows a horizontal sync signal.

N

™

51 ] Each vertical sVync period VP contains

=

00
vertical back porch pericd VBP, a vertical active are

Vadr, and a vertical front porch periocd VFP.

(00621 When each vertical svnc period is started,

Veync Start packet ig transmitted to the display drive

V8]

2 from the application processor When eac

horizontal sync period is stavrted, a Hsync Start packe
is transmitted to the display driver 2 from th
application processor 3. In FIG. 5, the Vsync 8tar
packet 1is shown by a symbol »V8” and the Hsync 8tar
B

packet 1is shown by a symbol “HS”. Also, a symbol ©“BP

35

a

al

4

o
e
t
t

"

shows a blanking packet, namely, a packet sent from the
application processor 3 to the display driver 2 when

-~

data tc bes sent to the display driver 2 does not exist.

In each horizontal sync period of the vertical actiwv
m

area Vadr, the image data are transmitted to the displa

driver 2 from the application processor 3.
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{00631 FIG. 6A and FIG 6B are diagrams showing the
formats of the packet sent from the application
processor 3 to the display driver 2 in the HS mode. n
the MIPI DSI, packets having two kinds of formats,
gpecifically, a short packet and a long packet are used
for the transmission of data FIG. 6A shows the format
of the short packet, and FIG. 6B shows the format of the
long packet The sghort packet is a packet in which the
payicad length 1s short and 1is fixed The above-
mentioned control packet use to control the operation

of the dieplay driver 2, mocre s

[a o

hei NS Y

cket

Start pa and the Hsync rt

the

pecifically, the Vsync

packet are transmitted

as short packets. The long packet 1s a packet in
which paylcoad length 1is wvariable. The dimage data 1is

S

stored in the cket and i

transmit

.
L

ted.

00647 In the MIPI DSI, immediately before and after
the transmissicn of the packet on the data lane in the
HS mode, LwWo signal lines which onfigure the
transmisgsion lines o©of the data l1ane are s=2t to a
specific state, more specifically, the two concerned
signal 1lir are both =set to the state of data “17. In
FIG. 6A and FIG. 6B, the specific state is shown as the
explanatory remark “LP-117.

F0065] Ag shown 1in FIG. 6A, the ghort packet contains
SoT ({(Start of Transmission), & packet header and EoT
{End of Transmission). The packet header contains a
data didentifier DI, packet data Datal and Datal, and ECC
{error correction code) The data identifier DI shows a
kind of the data contained 1in the short packe The
packet data Datsad nd Datal are data to be sent by the
short packet ECC 1s used for the error detection and

<

D3
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correction of the packet header.

(00661 On the other hand, as shown 1n FIG. 6B, the
long packet (a packet for storing image data) contains

SoT {(Start of Transmission), a packet header, packet

data, a packet fcoter and EoT {(End of Transmission)

0067} The packet header contains the data i1dentifier
DI showing a kind of the packet, a word ccount (WC), and
ECC. The data identifier DI indicates a kind of data
contained in the long packet. The word count indicates
the number of packet data contained in the long packet.
ECC is wused for the error detecticn and correction of

the packet header.

o068l The payload contains the packet data of the
number indicated by the word count. The idmage data

{(display data) are stored 1in the pavicad as the packet

data.

00691 The packet footer contains an error detection
code used for the error detection of the packet data
which are contained in the paylcad. In the MIPI DSI, it
is prescribed that a checksum is used as an error

detection ccde contained 1in the packet focter.

F0070] In the present embodiment, the MIPI receiver 1
detects the transmissicon error using the ECC contained

in the packet headers of the short packet and the long
2 e checksum contained in the packet Ifooter
of the long packet. In detall, the MIFI receiver 21

zion erveor of each

,{
=
[
n
0

detects the occurrence of trans

]

line in case of transmissicon of the Hsyng Start packet
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ags the short packet and the long packet which transmits
the 1image data. Note that t

he MIPI receiver 21 may
avoid the occurrence of transmission error by carryving
out an error correction when detecting the occurrence of
correctable transmission error in the packet header by
the ECC. In the MIPI D8I, the ECC ccntained 1in the
packet header is generated to be able to correct a 1-bit
error in the packet header.

[o071] In addition, the MIPI receiver 21 may b
configured to detect the occurrence o¢f transmission
2xrror based on the state of the clock lane and the stat
of the data lane 1in case of transmission of the long
packet which accommodates the image data. As mentioned
above, since the long packet acccommodating the image
data 1s transmitted in the HS mode, it is necessary Lo
maintain the clock lane and the data lane in the HS mode

until the transmission o the long packet completes.

0]
O
¢t
@
o
ot
o
Q3
¢t
T

When it is dete he state of the clock lane or

the data lane has been switched to the LP mode befcre
the transmission of the long packet 1in the data lane
completes, the MIPI receiver 21 determines that the
transmission error has occurred.

Foco72] When the MIPI receiver 21 detectsg the
occurrence of transmission exrror, the display driver 2

~he image distorticon which is

v

operates to cope with

p-

caused by the transmission error. More specifically,

4

when the cccurrence of transmission error is detected in

the data transmission about som

I

ine {(sometimes to be

-t

e
referred to as an “cbiect 1line” belcow), the digplay

driver

N
-
—
]
ot
gt
-
v
e
=
v
1]
®
~
-
T

embodiment drives the pixels 8

of the obiect line based on the image data of the line

[\
2
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of about which the data transmission has been carried
ut 1mmediately before the data transmission about the
object line (hereinafter, to be sometimes referred to as
an Timmediately previous ine”) . Because an image
displayed on the display panel 1 often continues 1in the

direction (a direction to which the

{,_.l
o)
;53
4

upper and

gource line 7 extends) generally, an image distortion

which is actually recognized by a viewer of the display
panel 1 can be restrained by using the image data of the

immediately previcus line instead of the image data of

the cbkject line in case of driving the pixels 8 of the

okbject line. In the following description, the
operaticn of coping with the image distortion which i=s
carried out by the display driver 2 of the present

embodiment will be described in detail.

==

00731 The display driver 2 of the present ewmbodiment
has at least three operation modes: the tou
inexecutiocn mode, the V blank touch detection mode and a

long H touch detection mode.

[0074] The touch detection inexecution mode 1is an
operation wmode in which touch detection is not carried

out, the V blank touch detection mode is an operation

in which the touch detecti is carried out in

& th
vertical blanking pericd of each vertical sync periocd.
FIG. 7A is a timing chart showing the operation of the
Lay driver 2 in the touch detection inexecution mode
and the V Dblank tcocuch detection mode. Bach vertical
sync period has a vertical back poxrch pericd ({(BPF}, an
image display pericd and a vertical front p

period. FIG. 7JA shows the operation of the display

-
1
whn

ey

driver 2 when the display panel 1 has 1280 lines and,

b
w
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therefore, the image disgplay pericd has 1280 horizontal

sync periocds. In the touch detection inexecution mode,
the touch detection is not carrvied out. In the V blank

touch detection mode, the touch detection 1is carried out

in the vertical Dblanking period, especially, in the

vertical front porch {(FP) period of the vertical
lanking pericd in the operation shown in FIG. 7A.

(00757 On the other hand, the long H touch detection

mode 1is an operation mode of providing a plurality of

special horizontal sync pericds for the touch detection

in each vertical sync period. FIG. 7B ig a timing chart

showing the operation o©f the display driver 2 in the

long ®H touch detecticon mode. In the Long H touch
detection wmode, too, each wvertical egync period as a

vertical back porch (BP) pericd, an image display pericd
and a wvertical front porch (FP} pericd. However, in the
long H touch detecticon mode, a pluralicty of “long H

. 5
1
L L

periocds® which are special horizontal sync pericds

having the time duration longer than the other

heorizontal sync period, are provided in the image

display pericd, and the touc detection 1s carried out
3 1 w7 7 3 3 p - T 3 3
in the long H period”. In the long H pericd, the

-
H
L.

pixels 8 of in any line are not driven. In FIG. 7B, the
“long H period” when the touch detection is carried out

is shown as the explanatcry remark of “tcuch detection”.

In the image display periocd of each wvertical async
period, one long H period is provided for usual

horizontal egync pericds (the horizontal sync periods
e

during which the pixels 8 of a selected line are driven)
of a predetermined number. FIG. 7B shows the coperation

of the display driver 2 in which one “long H periocd® is

provided for every 128 horizontal sync periods in the
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image display period.

61 Note that the latency of the image data ig not
constant due to the existence of the long H periced in
the long H touch detection mode while the latency of the
the display driver 2 isg nstant

n
regardless of the line (that is, a delay from the time

juy
o

when the image data of each line 1is transwmitted to €

5

ay driver 2 to the time when the pixels 8 of ea

+

0
N
o

h

are actually driven according te the image data o

[oX

cach line) din the touch detection inexecution mode

Q3

D)

58e)
the Vv blank touch detecticn mode. Therefore, the

NG

SEAY

-1

operaticn of the display driver 2 driving the disp

bnt
)

. b
17 1

~
A

)

panel 1 when the display driver 2 1s set to the touc
to

n inexecution modes or the v blank

[

n mode 1is different from the operation of the
displayv driver 2 driving the display panel 1 when the

displayv driver 2 1g set toe the leong H touch detection

O
}._J
O

00771 FIG. 8A is & diagram schematically

=t

showing the operation o©of the display driver 2 when the
display driver 2 is set to the touch detect
inexecution mode or the V blank touch detecticon mode.
FPIG. 8A shows the coperaticn of the display driver 2 in
which the occurrence o¢f transmission error
detected. Note that the operation of the display driver
2 when the occurrence of transmission error is detected
will be described in detaill later with reference to F

8B.

e

}-4‘

(00781 The line memory circuit 13 and the FIFO circuit
n

14 are not used in consideration that the

D3
o]
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image data is constant in the touch detection

Li

inexecution mode and the V blank touch detecticon mode.

The operaticns of the line memory c¢ircuit 13 and th
FIFO circuit 14 are stopped. ‘he selector 12 select
the bypass data bus i5, and the image data ar
transmitted to the 1line latch circuilt 16 through th
bypase data bus 15. It ig effective for the reductio

of consumed power to stop the operatiocns of the lin
memory circuit 13 and the FIFO circuit 14 in the touc
detection inexecution mode and the V Dblank touc

detecticn mode.

(00791 In detail, when the display driver 2 is set ¢
the touch detection inexecution mode o¢r the V blan

uch detection mode, the bypas

transmitted to the display driver 2 by the long packet
and received by the MIP

control circuit 11, the received image data ar

sequentially sent to the line latch circuit 16 through

the bypass data bus 15. The transmission of the imag
data from the interface control circuit 11 to the lin

latch circuit 16 is carried out for every predetermine

-
1
L

number of pixel

receiver 21 of the interface

e

O

K

s data bus 15 ig selected

c
by the selector 12. When the image data 1is seguentially

£

e

L

e

e

5
ed

s 8 {for example, one pixel B8) (not every

line}
fc080] The first-stage line latch 16, cf the line latch
circuit 16 receives and stores the image data

sequentially transmitted from the interface control

circuit 11 through the bypass data bus 15. The outpu
stage line latch 16, latches the image data from th
first-stage line latch 16, at the start >fE eac
heorizontal sync period. The pixels 8 of the selecte

t

e
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[on
o}

line are driven according to the image data Llatche
the output stage 1line latch 16, at the start of eac
horizontal sync period in the i1mage display period o
each horizontal sync period.

(00811 In detaill, when each horizontal sync period i

2

('1

started, the lines of the pixels 8 to be driven by th

gate driver circult 5 are selected in the display panel

L, and the gate ines & corresponding to the selecte

£

lines are activated. Morecover, the strobe eignal 26 1

activated, and the output stage line latch 16, latche

S

e
d
&

S

the image data stored in the first-stage line latch 16 .

The source driver cirvcuit 17 drives the pixels 8 of th

selected lines. That is, in the present embodiment, i

the horizontal sync period in which the pixels 8 of some

line are driven, the image data corrvesponding to th
pixels 8 of the concernec lines are latche by th

output stage line latch 16, and the pixels 8§ of th

-
H
L.

selected ines are driven according to the image dat

latched by the output stage line latch 16,.
[oo0s8z] Here, when the ococcurrence of transmission eryro

Es
S

is detected in the data transmission about some object

iU

line, the pixels 8 of the object line are driven Dbase
on the image data of immediately before line about whic
the data transmissicn has been carried cut immediatel
before the data transmission about the obkiect line. I
the touch detection inexecution wmode or the V klan
touch detection wmode, guch an opsration is realized b
not carrying out the activation of the strobe signal 2
in the horizontal sync period in which the pixels

the object line are driven, that iz, by not updating th

9]

ot

>utput stage line latch 16

e



WO 2018/144148 PCT/US2017/066647

foo8sl FIG. 8B is a blocl diagram showing the
operaticn of the display driver 2 when the display

7 e
driver 2 ds set to the touch detectilion inexecution mode

or the V blank touch detection mode, and the occurrance
of transmission erroxr is detected in the data

transmission about the line #XN.

e
(o]
Q
Q0
IS

tmn

Note that the occurrence cof transmission error
in the data transmisseion about the line #N can contain
the following events of (a} to (d):

{a) the occurrence c¢f transmissicn errcor of the Hsync

~ad a

o
o

Start packet which is transmit

n

a short packet;

(b} the occurrence of transmission error in transmission
of a long packet that transmits image data;

(c} the undesired switching of the clock lane to the LP
mode; and

{(d) the undegired shift of the data lane to the LP mode.

[oo8es] When the occurrence of transmission error is
detected in the data transmission about the line #N
£

{that 1g¢, when the occurrence of either of the above

=i

events {a} to {4} i detected), the MIPI receiver 2!

W

activates the transmissiocon error detection signal 22.
The timing controller 19 recognizes the occurrence of

transmission error 1in the data transmission abocut the

line #N through the activation of transwmisaslon erxror
detecticn signal 22, When the cccurrence of
transmission error is recognized in the data
transmigsion abkout the line #N, the timing controller 19

does not activate the strobe signal 26 in the back porch

pericd of the horizontal sync pericd of driving the

pixels 8 of the line #UW. In the horizontal sync pericd

D3
o]
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in which the pizels 8 of the line #N are driven, the
utput stage line latch 16, is not updated. The image

data of the line #N-1, the data transmission of which

has been arried out immediately Dbefore the data
transmission about the line #N, remailin 1in the output
stage line latch 16, As a result, the pixels 8 of the

line #N are driven in response tc the image data of the
line #N-1. In ¥FIG. 8B, the pixels & of the line #N
driven in response toe the image data of the lir

n
are shown by the hatching assigned toc the display p

[oo8s] FIG. 9 1is a timing chart showing the operation
of the display driver 2 specifically in case of N=5,

amely, when the occurrence of transmission error 1s

o
n

n

detected in the data transwmission about the line #5. I
shown in FIG. 9, the image data of the lines #1, #2, #3,
#4, #5-+- are sequentially stored in the first-stage line
latch 16, of the line latch circuit 16, Here, because
the transmission error occurs in the data transmisesion
about the line #5, the image data of the line #5 sgtored

in the first-stage line latch 16, 1is not normal image

data

(00871 Cn the other hand, in the back porch period of
the horizontal sync periced in which the pixels 8 of the
line #5 are drive: the strobe signal 26 is not
activated and the output stage
updated. in the horizontal sync pe

r
pixels 8 of the line #5 are driven, the

image data of the line #4 are stored in the output stage

line latch 16 ig maintained. Therefore, in the

2

heorizontal sync period in which the pixe

M

D3
(o]
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#5 are driven, the pixelse 8 of the line #5 are driven in
regponse to the 1image data of the line #4. Generally,
since the dimage data of the line #5 are similar to the
image data of neighbor line #4, the image distortion
caused by the transmission error can be effectively
estrained accordin to such n operation. PIG. 19
shows an example that the image distorticn caused by the

error is restrained by the operatiocn of the
ay driver 2 of the present embodiment in the same

image as in FIG. 1. Though the linear image distortion

exlists in a part A of the display image of FIG. 1, it

becomes difficult to recognize the image distortion in

rx

@

the display image of 10 in which the image data of

a neilghbor line 1is used, in case of driving the pixzels

of the line in which the transmission 2YYOY has

cocurred.

G

fon8sg] On the other hand, FIG. 112 is a block diagram
schematically showing the operaticon of the disp
driver 2 when keing set to the lcng H ¢

mode . FIG. 11A showe the operaticn o©
driver 2 in which the occurrence of transmission error
is not detected. Note that the operaticon of the display

driver 2 when the occurrence of transmission erroxr is

oF

detecte will be described later in detail with

reference to FIG. 11B.

0891 In the long H touch detecticn mode, the latency

]
O

of the image data 1is variable, and the changese o©f the

latency 1is absorbed through the operation of the line

kwl

memory circuit 13 and the FIF0O circult 14. The selector

ects the line memory circuilt 13, and the image

-
1
.

12 se

data are transmitted to the line latch circuit 16

(nd

<
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ot
g
=
@]
o
W
o
'
g
®
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=
o
m

memory circuit 13 and the FIFO circuit

j--t

(00901 In detaill, when the display driver 2 is set to
the long H touch detection mode, the line memcry circuilt

13 ig¢ selected by the sgelector 12, The image data are

n
©

e
o
o
fd
&
H ~
W
!_!
}._J

<
-+
&
fd
¢
=
‘..l
ot

ed to the igplay driver 2 by the
long packet, and when received by the MIPI receiver 1
of the interface control circuit 11, the received image

data are sequentially sent to the line memory circuit

(0091} In each horizontal synce period, one of

T
et
-
{®
r
<
<%
O

memory areas 13, and 13, of the line memory circuit 13
receives the image data from the 1interface control
circuit 11, and the other tramnsmits the 1image data to

the FIFO circuilt 14. In other words, each of the memory

areas 13, and 13, temporarily stores the image data of
alternate line, and transmits the stored image data to
the FIFO circuit 14.

(00921 Below, the description is given on the

assumption that the memory area 13, is used to the store
the 1image data of odd-numbered lines, and the wmemory
area 13, 1is wused to store the image data of even-
numbered lines, when the occurrence of transmissiocon
error is not detected. hat 1is, in some vertical saync
period, the image data of the line #1 are first
transmitted to the line memory circuilt 13 from the
interface contrel circuit 11. At thieg time, the pointer
23 is get to the first state, and the image data of the
line #1 are written in the memory arvea 13, . Next, the

image data of the line #2 are transmitted to the line

(nd
)
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memory circuit 13 from the interface control circuit 11.
At this time, the pointer 23 is updated and 1is set to
the second state. Thus, the image data of the line #2

e written in the memory area 13,, and the image data

ar
of the line #1 are read from the memecry area 13, and are
to

the

bt
3t

IFO circuit 14. Moreover, the image

data of the line #3 are transmitted to the line memory

civreuit 13 from the interface control circuit 11. AL
this time the pointer 23 i1is updated and is set to the
first state again. The image data of the line #3 are

written in the wmemory area 13,, and the image data of
the line #2 are read from the memory area 13, and are
transmitted to the FIFO circuilt 14. Hereinafte by the
gimilar procedure, the 1image data of each line are

the line memory circuit 13 from the
interface control circuit 11, and then are transmitted
-0 the FIFO circuit 14. Which of the memory areas 13,
and 13, receives the image data from the interface
control c¢ircuit 11, and which of them Lransmits the
image data to the FIFC circuit 14 are specified by the

ointer 22 supplied from the timing controller 19.
p PI g

(00931 The FIFO circuit 14 delays the image data of
each line sent from the line memory circuit 13 by the

heorizontal sync periods of the same number ™M as the
number of memory areas 141 to 14M in the reception order
from the line wmemory circuit 13 and then transmits to
the line latch circuit 16. When the occurrence of
transmigsion error 1is not detected, the image data

the lines #1, #2, #23, #4--°#N-1, #N--° are transmitted to

-

the FIFO circuit 14 from the line memcry circuit 13

{

i
this order, and transmitted to the line latch circuit 16

from the FIFQO circuilt 14 in this order.

ad
[S®)
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00941 The first-stage line latch 16, of the line latch
clrcuit 16 segquentially receives the image data
transmitted from the FIFO circuit 14 and stores therein.

The output stage line latch 162 iatches the 1image data
from the first-stage line latch 16, in case of the start
of each horizontal sync period. In the image display
periocd of each horizontal syne period, the pixels 8 of a

selected line are driven according to the image dat

[al
QO

h

latched by the output stage line latch 16, in case o

the start of each horizontal sync period.

[0095] In detaill, when each horizontal svync period i=s
started, the lines of the pixels 8 tc be driven by the
gate driver circult 5 are selected in the display panel

-

1, and the gate lines 6 corresponding tc the selected

lines are activated. Moreover, the gtrobe signal 26 is
activated In synchronization with the start of the
horizontal sync period, and the coutput stage ine latch

16, latches the image data stored in the first-stage

He

line latch 16,. The source driver circuit 17 drives the
1

-
1
.

pixels & of the selected ine. That 1is, in the ong H

touch detection mode, too, the image data corresponding
he concerned line are latched by the
1 in the horizontal sync

-

i
ich the pixels 8 of some line are driven,

*—‘ -

and the pixels 8 of the line selected according to the

image data latched by the ocutput stage line latch 16,
are driver

100967 However, when the occurrence of transmission
error is detected in the data transmission about sgome

object line, the pixels 8 of the object line are driven

ad
w
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based con the image data of the immediately bkefore line,
akout which the data transmission has been carried out
immediately before the data transmission about the
object line. n the long H touch detectiocn mode, such
an operation is realized by transmitting the image data
of the immediately before line (the line about which the
data transmission has been carried out immediately
before the data transmission about the object line} to
the FIFO circuit 14 from the line mewmory circuit 13,
instead of the image data of the object line, when the

)

occurrence of transmissicn error is detected in the data

transmission about some cbiect line.
(00971 FIG. 11B is a bloc] diagram showing the

operation f the display driver 2 when the displsa
driver 2 1g g2t to the long H touch detection mode, and

the occurrence of transmission error hasg been detected

in the data transmission soult the line #N.
(00881 When detecting the occurrence of transmigsion

error 1in the data transmission about the line #K, the

MIPI receiver 21 activates the transmission arror
detection signal 22, The timing controller 19
recognizes the occurrence of transmissicon erxrror in the

data transmission abcut the line #N 1in response to the

activation of the transmissic error detection signal
22. When recognizing the occurrence of ECransmission

error in the data transmission about the line #N, the
timing controller 19 does not update the pointer 23 at
the timing at which the image data used for driving of

circuit 14, and maintains

the pixels 8 of the line #N are gent from the line
memory circuit 13 to the FIFO
a

the state of the pointer 23 t the timing at which the



WO 2018/144148 PCT/US2017/066647

image data of the line #N-1 are sent Ifrom the line
memory c¢ircult 13 to the FIF0O circuit 14. Thus, the
image data are read from not the memory area (13, or 13))

-
1
L

in which the image data of the line #N have been stored

but the memory area (13, or 13)) in which the image
of the line #N-1 have been st ed. Thueg, the image dat

or
to the FIFO circuit 14 instead

of the line #N-1 are sent 1
of the image data of the line #N. At this time, the

image data of the line #N+1 are written in the memory
area (13, or 13,) in which the image data of the line #N

have been egtored. After that, in the next horizcontal
sync pericd, the image data of the line #N+1 are sent

from the line memorxry cilircuit 13 to the FIFO circuit 14.

(00891 The FIFC circuit 14 transmits the image data of
each line to the line latch circuit 16 1in the reception
order from the line memory circuit 13. In the first-
stage line latch 16, and the output stage line latch 16,

of the line latch circuit 16, the image data of each
line are stored in the transmission order to the line
latch circuit 16 from FIFC circuit 14. Ag a regult, the
pixels 8 of the line #N are driven according to the
image data of the line #N-1. In FIG. 11B, the pixels 8
of the line #N which are driven in response to the image

ata of the l1ine #N-1 are shown by hatching to the

(01001 FIG. 12 is a timing chart showing the operation
of the display driver 2, more specifically, in case of N

that 1ig, when the occurrence of transmission error
has been detected 1in the data transmission about the
1

mage data of

f=de

]
-
)
W
o
a1
il
]

shown in FIG. 12, when the

D
o]
0
o3
h
@

are transmitted to the display driver 2 from
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the application processor 3, the image data of each line

are ransmitted to the line memory circuit 13 from the
interface control circuit 11. The image data of the

lines #1, #3, #5 are sequentially steored in the memory
£

area 13, the line memory circuil 13, and the image

t
data of the lines #2, #4, #5 are sequentially stored in

the memory area 13 of the line memor 13.

k<
O
]
]
]
a
]
ot

[c1o011 In the transmissiocon of the 1image data of the
lines #1 to #4 from the interface control circuit 11 to
the line memcry circuit 13 and the transmission to the
FIFO circuit 14 £rom the FIFO circuit 14 and the line
memory <¢ircuit 13, the state of the pointer 23 is

-
H
L.

changed 1in each horizontsa sync peried and the image
data of each line are alternately written in the memory
areas 13, and 13,. Also, it is alternately read. At the
timing when the image data ohs the line #4 are
transmitted to the FIFO circuit 14, the pointer 23 is
set so that the image data transmitted from the

interface control circuit 11 are written in the memory

area 13., and the image data read from the memory area

13, are transmitted to the FIFO circuit 14. As a result,
the image data cof the line #5 are stored in the memory

area 13 . Here, since the transmission error occurs in
the data transmission about the line #5, the image data
of the line #5 stored 1in the memory area 132 are not

normal image data.

(01021 At the timing when the image data used for
driving the pixels 8 of the line #5 are transmitted to
the FIFO circuit 14 in response to the detect £

occurrence of transmisgsion error about the line #5, the

updating of the pointer 23 is not carried out.
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Therefore, the image data c¢f the line #4 are read from

the memcory area 13 once agalin and are transmitted to

2
the FIFO circuit 14. At this time, the image data of
the line #6 are written in the memory area 13, .

3] In the fcocllowing operation, the state of the
pointer 23 1s changed in each horizontal sync perioed,

-
1
.

and the image data of each ine are alternate

Y
he wmemory areas 13, nd 13, and alsoc are alternately
1 2

V)]

b

t
read. In detail, the image data of the line #6 are read

from the memory area 13, and the image data of the line
#7 are written in the mewmory area 13 . Next, the image
data of the line #7 are read from the wmemory area 13,
and the image data of the line #8 are written in the

memory area 13,.

101047 As the vresult of such an operation, in the
horizontal sync period in which the pixels 8 of the line
#5 are driven, the pixels 8 of the line #5%5 are driven in

egponse to the 1image data of the line #4. Generally,

1

since the image data of the line #5 are similar tc the

image data of neighbor line #4, the image distortion
caused by the transmission error can be effectively

restrained according to such an operatiocon.

[0105] Ag described above, when the dieplay driver 2
of the present embodiment 1s set to the long H touch
detection mode, too, the image distortion caused by the

transmisgsion error can be effectively restrained.

101067 In the above description, the embodiments of

the present inventicon have specifically described Dbut

the present invention is net limited to the above-
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mentioned embodiments. It could ke understcod to the
skilled ©person that the present invention can be

implemented with various change or modifications.

[0107] For example, in the resent embodiment, when
the long H touch detection mode is not prepared for the
display driver 2, 1t 1s not necessary Lo prepare the

gselector 12, the line memory circuit 13 and the FIFO

O L

circuit 14 for the display driver 2. In the same wav,
when the tcocuch detection inex
kbiank teouch detection wmode are not prepared £for the
display driver 2, 1t 1is not necessary to prepare the
selecteor 12 and the bypass data bus 15 for the display
driver 2. 1In this case, the image data of all the lines
are transmitted to the line latch circuit 16 £f£rom the
interface control circuit 11 through the line memory

circuit 13 and the FIFC cixcuit 14.

ad
o3}
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What is claimed is:

1. A display driver comprising:

a recelver configure to recelve Iimage data

each line of a display panel from an external device

a2 line latch circult having a line latch

configured to latch the image data of said each

line

received by the receiver 1in response to a strobe signal;

a driving circuit secticon which drives

ic
ay panel in response to the image data latche

a timing contrcller configured toc generate

strobe eignal,

the
d by

the

wherein the reiver 1s configured to detect

occurrence of transmission error in data transmission

whereln the timing contreller is configured to
generate the strobe ignal in response Lo a detection
result of the occurrence of transmisgssion error.
2. The display driver according to claim 1,

wherein the line latch 1is configured to latch the image

-
1
.

data of said each ine according to activation of

strobe signal,

-
1
whn

wherein the timing controller is configure

L

the

d t
(e

activate the strobe signal in synchronization with start

of a horizontal sync pericd in which pixels of a first
line of the dispilay panel are driven, when the
transmission error is not detected for the first line by

the receiver, and

wherein the timing controllerxr is, when
transmigsion errcr 1s detected in a second line by
raeceiver, configured to restrain the activation of

5
L

strobe signal in the

ad
0

horizontal sync period in which

the
the
the

the
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pixels of the second 1line o¢f the display panel are

3. The display driver according to claim 1,
further comprising:

a storage circult configured to store the image

ines; and

data of a plurality of

a line memory circult comprising a first memory

area and a second mMemory area, each of whicl is
configured to bes able to sgtore the 1image data for cne

line,

wherein the line memory circuit 1is configured

o transmit the 3 ine received

=

mage data of said each
to

from the receiwv

0]

T, the storage cilrcuit,
wherein the storage circuit is configured to
transmit the 1image data recelved from the line memory
circuit to the line latch circuit in a reception crder,
wherein the line memory circuit 1is configured

to write the im data received from the receiver in

9
(9]
o

one o©of the first and second memory areas according to a

peointer received from the timing controller, and to read

the image data from the other of

the first and second

second memory areas Lo transmit to the storage circuit,

=

an

wherein the timing contreller is configured to
generate the polinter in response to the detection result
of the occurrence of transmission error.
4, The display driver according to claim 3,
wherein, when the pointer is in a first state, the line
memory circult 1is configured to write the image data
raeceived from the receiver in the first memory area, and

to transmift the image data read from the second memory

I
o
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area, to the the gtcrage circuit,

wherein, when the peointer is in a second state,
the line memory circuilt is configured to write the image
data received from the receiver in the second memory
area, and to transmit the image data read from the first
memory area, to the storage circuit,

wherein the timing controller is, when the
transmission error 1z not detected about the first line
by the receilver, configured to update the state of the
pointer between the first state and the second state at
a timing when transmitting the image data used for
driving the pixels £ the first line c¢f the display
panel, to the storage circuit from the line memory
circuit, and

wherein the timing controller 1is, when the

or

T

4%

nsmission error 1s detected about the second line by
the receiver, configured not to update the state of the
pointer at timing when transmitting the 1image data used

-
H
L.

for driving the pixel

s of the second line of the display
panel, to the storage circuit £from the 1line memory

circuit.

5. The display driver according to claim 3
wherein, when the display driver dis set to a first
operation mode, an operation of the lines memory circuilt

=

)

and the storage circuit 1is stopped, the image data of

salid each line received from the external device are

ine latch circuit from the receiver,

3

i

[

he timing contrcller generates the strobe signa

=

I
I

se to the detection result of the occurrence o©

-
e
O
o)

h

transmigsion error, and
wherein, when the display driver i1s set fo a

second operation mode which is different frxrom the first



WO 2018/144148 PCT/US2017/066647

operation mode, the 1image data of said =ach 1line
received from the external device by he receiver are
transmittec to the line nemcry circuit from the

receiver, the line memcry circult writes the image data

put)

received from the receiver in one of the first and

second memory areas accerding to the pointer received

)

from the timing controller, and transmits the image data

3 b

read from the other of the first and second memory areas

f--d

to the storage c¢ircuit, and the timing contrel

generates the strobe signal in response tc the detecti

bd
O
o

regult ¢f the occurrence of transmissilon error.

5. The display driver according o claim 5,
wherein, when the display driver is set to the first
operation mode, the display driver carrises out touch

dete

D
(1

ion to the display panel in a blanking period cf
the vertical sync pericd, and

wherein, when the display driver is set to the
second operation wmode, the display driver carriles out
the touch detecticon to the display panel in a plurality

of specific horizontal sync periods provided in an image

display periocd of the vertical sync period.
7 A display driver comprising:

Fh

a recelver configured to receive 1image data

o

ay panel from an external device;

each line o©f a displ

a line memory circult comprising a first memory
area and a second mMemory area, each of whicl is
configured to bes able to sgtore the 1image data for cne
line

a storage circuilt configured to store

=
o
®
,_J -
3
0

W
P

data of a plurality of lines;

a driving circuit s=section which drives the
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display panel 1in response to the image data outputted
from the storage circult; and

a timing controller,

wherein the receiver 1s configured to detect
the cccurrence ct transmission Shabaloka

transmission about said each line,

wherein the storage circuit 1s configured to

output the image data received from the line memory
cult in a receptilion order,

wherein the line memory circuit 1is configured

b4

T write the image data received from the receiver in
one cof the first and second memory areas according to a
pointer received from the timing controller, and to read
the image data from the other o©f the first and second
memory areas to transmit te the storage circuit, and
whereln the timing contreller is configured to
generate the pointer in response to a detecticn result

of the coccurrence of transmission error.

8. The display driver according to c¢laim 7, wherein the
line memory circuit 1s, when the pointer is in a first

state, configured to write the image data received from

the receiver in the first memory area, and to transmit
the image data read from the second memory area Lo the
storage circuit;

wherein the line memory circult 1is, when the

pointer is in a second state, configured to write the
image data received £from the receiver Iin the second
memory area, and to transmit the 1image data read Ifrom
the first memory area to the storage circuilt,

wherein the timing controller 1is configured to
update the state of the pointer between the first state

and the second state at timing of transmitting to the
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storage c¢ircuit from the line memory circuit, the image
£

data wused or driving pixels o¢f a first line of the

display panel, when the transmission error 1s not

detected about the first line by the receiver, and

wherein the timing controller is configured not
i

update the state o©of the pointer at ©i

£

¢t
O

transmitting to the storage circuit from the line memory

circuit, the image data used for driving pixels of a

¢
{
o

second line of the display panel when the Lransmissi
e

second line by the receiver.

b4

2rror is detected in th

9. A display apparatus comprising:
a display panel, and
a display driver,

wherein the display driver comprises:

a receiver configured to receive image data o©
each line of the display panel from an external device;
a line latch circuit having a line latch
configured to latch the image data of said each line
received by the receiver in responss to a strobe signal;
a driving circuit section which drives the

display panel in response to the image data latched by

the line latch; and

a timing controller configured to generate the
strobe signal,

wherein the receiver 1s configured to detect
occurrence of transmission error in data transmission
about saild each line, and

wherein the timing controller is configured to
generate the strobe gignal in response to a detection

result of the occurrence of transmission error.

10. The display apparatus according te c¢laim 9,

I
N
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wherein the line latch is configured to latch the image
data of said each line according to activation of the
strobe signal,

wherein the timing controller is configured ¢
activate the strobe signal in synchronization with start
of a horizontal sync pericd in which pixels cof a first
line of the display panel are driven, when the
transmission error 1z not detected about the first line
by the receiver, and

wherein the timing controllerxr is, when The
transmission exrror i1is detected about a second line by

the receiver, configured to restrain the activation of

the strobe signal in the horizontal sync period in which
pixels of the second line of the display panel are

driven.

11. The display apparatus according te claim 9,
further comprising:

a storage circult configured to store

ot
Y
o
!,J -
3
O

wy
61}

data of a plurality of lines; and
a line memory circult comprising a f£irst memory
area and a econd memory area, each of which i=s

configured te be able to store the image data for one

line,

wherein the line wmemory circult is configured

to tranemit the image data of gsaid each line received
from the receiver, to the storage circuilt

i

wherein the storage circuit is con

th

igured to
transmit the 1image data received from the line memory
circuit to the line latch cirxcuit in a reception order,

wherein the line memory circuit 1is configured

to write the image data vreceived from the receiver i

~
L

one of the first and second memory areas, and to read

&)
1

I
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the image data Lrom the other of the first and second
second memcry areas to transmit to the storage circuilt,
according to a pointer received from the timing
controller, and

wherein the timing controller 1is configured to
generate the pointer i response to a detection result

of the occurrence of transmission error.

Th display driver according te c¢claim 11,

the line memory circuit 1is, when the pcinter is

in a first state, configured to write the image data
e

received from the receiver in the first memory area, and

o
O

transmit the image data read from the second memory
area, to the storage circult,

wherein the line wmemory circuit is, when the

O

j81)

pocinter 1s in a second state, configured tce write the
image data received from the receiver in the second
memory area, and to transmit the image data read from
the first memory area, to the storage circuit,

wherein the timing controller 1is, when the
transmigsion error 1g not detected in the first line by

the recelver, configured to update the atate of the

peointer between the first state and the second state at
a timing when transmitting the image data used for
driving pixels of the first line of the display panel,

to the storage circuit from the line memory circuilt, and

wherein the timing controller is, when the
transmission error is detected about the second line by
the receiver, configured not tcec update the state of the
pointer at timing when transmitting the 1image data used

i

=)

for driving pixelsg of the second 12 of the igplay
panel, to the storage circuit from the line memory

circuit.

I
6>
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13, The isplay apparatue according to claim 11,
wherein, when the display driver i1is set to a first
operation mode, an operation of the line mewmory circuit
and the storage circuit 1is stopped, the image data of
said each 1ine received from the external devic are
transmitted tco the line latch circuit from the receiver,
and the timing controller generates the astrobe signal in
regponse to the detection result of the occurrence of
transmigsion error, and

wherein, when the display driver i1is set to a

)

second operation mode which is

g
{

ifferent frcocm ¢ first

[oX

operatiocn mode, the 1mage data of gaid each line
received from the external device by the receilver are
transmitted to the line Memery clircuit from the
receiver, the line memecory circult writes the image data

received from the receiver in one of the first and
gsecond memory areas, and tCransmits the image data read
Erom the other of the first and second memory areas Lo
the steorage circult, according toe the pointer recelved
from the timing controller, and the timing controllerxr
generates the strobe signal in response to the detection

result of the cccurrence of transmission erxror.

lay apparatus according to claim 13,
d

isplay driver 1is sget tco the first

operation wmocde, the display driver carries out touch

ay panel in a bklanking period of

, when the display driver 1s set to the
second operation mode, the display driver carries out

the touch detection to the display panel in a plurality

fut

of specific horizontal sync periods previded in an image
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digplay pericd of the vertical sync period.

15. A display apparatus comprising:

a display panel; and

a display driver,

wherein the display driver comprises:

a receiver configured to receive image data of
each line of a display panel from an external device;

-
1
L

.ine memory cir

O

uit comprising a first memory

-
[t

area and a second memory area, each of which 1

4}

configured to be able to tcre the 1mage data for

G
=
(.

[}
1

line
a storage circuilt configured to store the image

-
1
L

data of a plurality of lines;

2 driving circuit esection which drives the

138p4

from the storage circuilt; and

ay panel 1in respeonse to the image data outputted
a timing controller,
wherein the receiver 1is configured Lo detect
the occurrence of transmission error in the data
transmissgion about sald each line,

wherein the storage circult is configured to

f--d

output the i1image data received £from the ine memory
circuit in a reception order,

wherein the line wmemory circult is configured
to write the image data received from the receiver in
one of the first and second memory areas according to a
pointer received from the timing controller, and to read
the image data Lrom the other of the first and second
memory areas to transmit to the storage circuit, and

wherein the timing controller 1is configured to
generate the pointer in response to a detection resgult

of the occurrence of transmission error.

I
(o]
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16 The display apparatus according to claim 15,
wherein the line memory circuit is, when the pointer is
in a £first state, configured to write the image data
received from the receilver in the firset memory area, and
to transmit the imagese data read from the second memory
area to the storage circuilt;

wherein the line mewmory circuit 1is, when the
pointer 1is in a second state, configured to write the
image data vreceived from the receiver 1in the second
memory area, and to transmit the 1image data read from
the first memory area to the storage cirvcult,

wherein the timing controller 1gs configured to
update the state of the pointer between the first state
and the secon state at timing of transmitting to the
gtorage circult from the line memory circuit, the image
data used for driving pixels of a firat line o¢f the
display panel, when the transmission erroxr 1is not

detected about

wherein the

to  update the sta
transmitting to the

clircuit,

o~

cedc

<

error is detected

the first

line by

the receiver, d

AL L

timing controller is configured not
te o©f the pointer at timing of
storage circuit from the line memory
data used for driving pixels of a

display panel

akbout the

I

(o]

second

when the transmission

line by the receiver.
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