GEEE I S TERE 3
e [ 34 ETRERR
VERAAERN B = 3 BERaE
= 32 ¥BREAR
31 AHEM
R ERE >—m1 O O O
12 —— 12 EBEIRE
1 2
21 {n\_ﬂ 11 §—WEER

F1E BAN—BARIBEIERRRETRENTER

[F R 4R ©

PN L

F2E Bl —EFEREcNSIUEEE



. |

/
SRR &R A

3E BAM—EREEEAHERANEN A HEBRIREE

EMEBCIK Cmg 54EH
Cms //\Ss
FEBE yeou

NHEEH R

FAE BN A A EBHRAFEEERE-—FERRETHENERE

100 56 £ &5 %

103 A HEHRERE) BT

F5E AFENHEBEREE—ENMIZTERE



~ VGH (+15V)

G1

6 k& al

202
.. VGL2 (-10V)

G2

”"

“VGL1 (-12V)
. VGL2 (-10V)

G3

"

“VGL1 («12V)
- VGL2(-10V)

b —/-\_/‘\_

"

-VSP (2V) -
Ui

WGLY(-112V)

"oV

Ik

mmﬂmﬁm"ﬁj_____

i

A REE

it

i 20V — AR &7 51 5
VCOM syt -
: oV
TEETRPRER  ABIREUTERSER S e

6[E B5 ZIERRR BRI RN EE

~VGH (+15V)

2k éx%tzsfé
G1 . VGL2 (-10V) /
1] x e § S
] “VGL1 {(-12V) ]
G2 _VGL2 (-10V)
5" o f
WGL1 (-12V)
VGL2 (-10V
. ] e ]
— 55— 3 et §
"WGL1 (-12V)
8 ‘_/—\_FL 303

VCOM

f

@ 20 ]

301 5

~ov

e § §

%Eéﬂ?)ﬁ(%ﬁl@l@% Gl

— Ak EraTl Ak

HURPSER

B2 R RS
F11E EZERIRES B fIHREE

B P ER



it D2 WS
(-) BH2WM25HRL F%TRF

310 FARAIIRE T

200
SRR ]
400& 230 /
EEEEES -~
400q
\
AHEHEEEEER .

BiRiR
162

SRR
102

120 E-E4R
140 2H BT

(=) #BHB2W7 5 BB 2 chBpds i LRk A5 ]
2 FEERRE

t1 EETEERS

4 SRR A
150
ey
o b,
HiELR 16 i
300 EEEE R

I
ARTETE

MBS EE Veate (1)

B FEEE Veate (n-1)

HHETERE Yerte®)

§ﬂl§§ﬁ data line

|

|

BRI S : BB EEEN (S 5 :
| | [—l

| |

BT HIESE S | prmiEsEsizes |

| |

| |

| |

H | |

| I

| |

[ |

| |

| |

BT S B EREN (S ot



iti i node of C, (c) Applying the same
(8) With pesasiic curert ﬂ:l iieg:hh:iganoe ’ voltage to both node of C,

5
Common electrode driver 1-
W.

*Stale of all switches shown here Is in V-blank



() #HAMS5 57 LCD 2 firs A W

Touch detection

LCD operation ‘V-blan Addressable

Surface ITO voltage —WM,

Common voltage —W

Output state of
gate driver E Low-Z

Output state of =Yo7
data driver ]1‘2_1 Low-Z

MHte : @4E 10 1 & FS

mE<=<m

(=) #4% 107 APPHH TSP P 3 S fPIR R Bt » LB &

2 ot LA P SRR KK W

R
N,
N
Q
R
Y
Q

N
5,

Q
X
)
N
N
N
S
Q

BREE

L imiiE

=



(=) %% 10 M 8 87 R & W

! VGH VL RGB

|

E VT Vst [ [, e,
==k 2g o skl oE

E RFGHR E%E}I%Uzjv R v

|

|

NN R O N

2 Wl B O B

: 10
30 |-
s FARE R
EAVESEERT

[ 1]

Data
AHBE
Vcom
11— AHES T
g 2] 2“;\22 1
1 Cle —Cst
t 11 TFT
Gate L S
12
EE*@?IE



(2) @B 1I0WM I8 AR RTREMETERAKL LW

ST CHT oH2

3

100 ]

ﬁﬁ —

% - L ]

@ =

==

= -

& . i
Szn GH{J 1 CII“I
~Hil & n- 0

EE Il B iR

(1) #% 10 W 22 B Y K256 2 A

!“7, 1 Frame

|

1 vd

| -===Vdrv
CHI Vcom | I

Vcom

CH2

]
|
]
:'
1
: |
: ! --—-Vdrv
]
CH3 Voo ' ﬂ_l—UT
i
I
I
]
I
]
1
1
1

(==

=
=
==

]

L

]

'
=
=

=
[l




I IEBLULILIEFS
(-) BB IULEWMS AAKLLRTRLZTLE

DRIVE DATA, SENSE xVcom

_VOLTAGE
DISPLAY PIXEL DRIVE
PAIR \r 501 EEEEH) 2

413 BEIER
S1 OFF

CHARGE
SENSE

ERAER 503

(=) #HR U FOA G AR FL T LR

DISPLAY ACTIVE AREA TOUCH PIXELS
(4 SHOWN HERE FOR CLARITY,

/ / MANY MORE IN ACTUAL DISPLAYS)
S5 GATE(1) [ o-rommmm] - J— I

T M o j—
| | I I
I I
52 ouie(r) | T I F-lc!_.i ‘f“’.‘a%th &
—a o —1 T eom(®) | ACCUM.
;3 GATE() T e — Vref —ls RESULT
| 1 | i
woo |0 Tl molgRi d
| T J Y | chom(ﬂ) ™~ ACCUM
| I o et —k RESULT
DATA{0) DATA(1) CHARGE SENSE / ADC

VOLTAGE DRIVE



(2) # 11MB A4 s LA P T LR F

DATA RETURNS TO
Vref WHENEVER S2
IS ON, THUS NO
CHARGE 1S
TRANSFERED FROM
Cp TO xVcom

WHEN S3 IS ON,
VOLTAGE ACROSS
Cp IS ZERO (DATA

AND Vcom IT0
ARE BOTH AT Hiref) L

DATA(0) w Hiref
Tk — Vref
p—
T s Iy T oy Ev
DATA(1) — Vref
FedaL= 0 e T e O Y s Y
AND S3 GATE(0) — OFF
FeA= S o e e e Y Y
AND S2 GATE(0) — OFF
Veom Hiref
ITO(X,Y) — Vref
xVeom(1) —'Gﬁ:d _____ r_\ —ein '_\ — 1\_::_ ;_\T PN ___:E:,:‘ — Vref
xVcom(0) ',:—:"" LA HT\:::‘ ‘ifﬂ—ﬂ NE(LON —ﬁR:::' — Vref

(z) B LLW 1 BMFGFHLTLE

gETRfREH
DISPLAY PIXEL
PAIR =R EE
7 &= R EEEN2E
VOLTAGE
DRIVE g
DATA LINE

D e 1103

i Y s
i i S1 GATE LINE
| 1105

! -

L
| * = ks b |
| s2 | Weom Sﬁ;ﬁ%ﬁl
CHARGE

SENSE

-10 -



(1) #3311 W 12A w5 TR B2 AER AW
9.0V

Dx _2.5V 2.9V 2.5V

(#) #4511 F] 12B 5% 40 FRR 2 351 75 ]
—5.0V

S1 =715V —7.5V —-7.5V

=10V

-11 -



it %Ejé_lS a2 @
(-) BHILSWM2BF 2R%3 W2 lgs XE S RW

1

28a 24
b
20a “= 28
702a Na Nb
| —7 —20b
" 28d
BEEB 14 |7 _~28¢
Nd = ' [ ONe
‘ 29 EHE

BEEA 12

BB 29d 2
U' ) /

29c EfR
o
11

N
w
o
?Q
LN
S @

20c

(Z)#BHBIBWIGF 2R %> IH2 27 517 AF2ZERW

AR
 FREER

EEL i
2%a ’f’ﬁﬁ
\'\ 4a 4 4 /\/ng g
Vo .
T 1 7/
&5 | /

Bif 200

T
REGEDRE o eunes v, B

-12 -



(Z) BB LBWMABF 2R3Nz 2887 %8 P2 s

TE W

(2) BEIBWS A 29%> N2 287 EE 7Y 2% M

P B Bl

SHHB Va _____/\/m_—_

) N N ) ) )/ W A
AL < % —LJ\/\/\/\f—ﬂ—
o __jlw_;ﬂ

SREEEE | ARRREE | SRREheE

-13-



(I)#BILBWMBGF 296> Nz B £ R ¥ hd My -
TREE F

Ve 6 12

Vs 1. o 2/\/V\/\/\
=Vp 121

Vgs -1 —]

BRIKER A A 34 )

() BHIBWMI6 2% 3R %3 N2 chdgF K § - blehif LW

Na 2 e : Nb

Nd
. Nc
REEW 705 i
EEEB 14 % 702
HEER A R4

19

BEREA 12
Hig 23 20/\/

29
iRA 4 Ne g5

616

iR AEE) E IS

"

AR

-14 -



(Z) BB BEIR >N 202 hBi7 KR TS - bl
tofe ]

[—

3040 282 28b

Q 28a~28d : EiB
306a ||

312 S
mawts | L /E

284 28¢

IR ARBEEN T I8 19

[:::]“~\-f:3\\\\\10

304b

g\é ANNNE

ESRAREEENE 5

310 /\7

306b 314 3

% R 12 28
VCOMEBmEE e

M= D RIE 3 AR ESN
(-) RE3WM2HGE 2F% 3N H2 chbEs £ 8 i il F

EiE

28a 28b

20a ENEL
{"X4R 702a

-15-



(=) REIWM3IBF2F% 3 02 chlgn XE ¥ hifF chid Ll

BB
29a da~4c : E5RER

4a 4b  4c

1"

6a~6c¢ : R
8a~8c: FRERG
16a~16¢ ~ 17a~17c : FEE

EBHE 204

Y j”j
ﬁw/vﬁéLL#L/
616 Ne EfiZ&

= 40 B S = 13_
RARENEE Cusmnms e @B

coml o

JrEETE RS,

703

(Z)REIMABE 2R % S W2 b7 KE P QRATH T

13a 21\?\
13b 231
Nb ojiky_—+—/;:
. 0—:—!
13c 2{?\
Ne —Rp— T
13d ZCK
Nd oiﬁﬁ}—~§—/’: |
EEE%%Zﬁ_
Ne ———" || ZHEER
ik 22

-16 -



(2))REIME LT 2F %3Nz crlr kR ¢ and RehT RpF

B W

ssE=psn ELECTRICALLY
TEEB Towuerive v
FILM B a
. L - ELECTRICALLY
EEEA COMUETTVE Ve

——
——
i

" —— STORAGE Ve
EFEER oaPACITANCE
i Mo e sR0
o J\ﬂmef <—LoW LEVEL {EEBA
ANNING I ]

=g SC 6b

6x

)

AN
AN

_f1

t

<

B
SW
A
DISPLAY DRIVING
TIME PERIOD
RO BE 2hHA
() R#E3IWM8 A

R E )

Vc 6

i1 & #& AU HA RS

POSITION DETECTION

" DISPLAY DRIVING
TINE PER10D

B BRENHAE

TIME PERIOD

$2R% 3 N2 BER LR Y et RePF - §

HERERNRERER

Vd 6

oot

il

Vg 0

-

Vs 1

Vp

I

Vgs -

»

DISPLAY DRIVING
TIME PERIOD
R R BEENHAR

-~ POSITION DETECTION
TIME PERIOD

i E &R AR

-17 -



(+) RE3IWM16 4T 3R %> X H2 Fl7 ] oh- bl PSR

Nd .
[RIEEIR 705
WEEE
RHER 1
WEEA 1
AR 2

29
B

_702

Rt

11

RERE

10
EiRA Ne BfiZh

616

IRHAREEENE IS

(=) RE3F24 %% 3762 582 22 lgn L E P - b

o= ]

28a 28b
N 28a~28d : BiE

306a |i

312
BB T :EL/E Ny .
616~ E;
151 S SEEN R 9
10
304b
310 E] \ ANNT:
3%(i77 3£ (SR SRR S
314 B iR

VCOMBRENZE B

-18 -



Wit D REGLL R FN

(=) R 6 W3 HAAHE TSP HE § AR O Bt » 2¥7 5
F2 R LI PR R A W

HiRIRRE
POL1

GLS1 LEiR
GLS2 T iR
POL2

T iRiRE

~~~~ el

.......... 4[@@%

(=) RECW 4 HBEFRA K

: VGH VL :

1 ]

i rij_ r_i_ |

i VST, CLK | ST, GCLK, MCLK ‘ L0
6 =

: IL i 2 ‘hﬁﬁﬂﬁ

| ETMBE

i

}

1

| EDRIBEER
|
] , i
|
1 et 2 ] % 1 3 |- & 1 & ]

o O T 0 e
4 10 :
BliEEs ||n| B ER ‘10| ammm eSS

-19-



(Z) REG WS ik f ¥ = cn¥ 5T I W

LU

L} e

EURAR

I Lot |
BTEMREEESR 00 viry FEIRREERENEEA
AfEE TI Liis. q- EHEE
AHBE ! Vref ERTE
T Vdrv
T2 Vcom : r[
i Vref
; i ----- Vdrv
com |
T3 T r[
i Vref
|
1
|
_I

oD T

D2 —- B ‘U'rl-u'q Vcom
, GND
]
1
i3 =t b e e ﬂuﬂ-[w' Veom
i GND
D4 — bl it Uﬂ[ﬂ Vcom
’ GND

JTnmuﬁﬁE%E

I
I
|
. j Vo RAEEE
-~ VaH :
62 —l | : veL
™ |
63 i VGL

-20-



(1) RBOMORNP $AN B a9 hp TF S AHE S
REH AT G F

?mm
col1 | | com2 coM3 || coma
WEENEE | 100 —
2 - i COMn
FRSBES

(#) R#EO6W 10 t2* 2B RIW 9 ¥ 97 ehp T F NP B chseds

5 BLen 25 W

ZEREEEE

-21 -



