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ABSTRACT

This thesis explains the development of multiple LCD system with the additional function to maximize the utilization of PC contents. The
newly developed system is composed of host LCD and slave LCD. Host LCD decodes and outputs the image and voice of NTSC, PAL,
SECAM signals. It also converts the decoded signals into LVDS signals before transmitting them to slave LCD stage. In addition, the
installation of CF Memory and USB Memory helps display multi-media data. Unlike the host LCD, since not including the tuner and memory
part, the slave LCD can’t receive TV signals and play video signals. It only has the function to receive LVDS image signals and display on a
LCD panel. This newly developed multi-LCD system has competitiveness in various aspects. With its simple structure, the failure rate, price
and display power are relatively low due to its simplification of the control part. It has price and functional competitiveness as the product
whose host LCD can control the entire slave LCD in terms of channel, volume, and video output.

719 =

o}, 94, LCD, LVDS, Daisy-chain

Key word
Multiple, Image, LCD, LVDS, Daisy-chain

« ZAE9 - FolfEn (blackcow@kumi.ac.kr) LAt 2012, 08. 13
AMAREZ X} 2012, 10. 15

http://dx.doi.org/10.6109/jkiice.2012.16.12.2747

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



e

\

o

]

L

I AJE2 = a3
o7 Zgtatal 9lom, o]y

| sho} 5o 7HA-& AA A H AT
%J71¢] LCD(Liquid Crystal Display) TV £} PDP(Plasma
Display Panel) TV Y RFAH|A7F 317 o & F
2] 7FA 0] 91 2.1} 20053 74 -] TV-E LCD, PDP &
5 7FA 9 A% ster o2 18] LCD TVS PDP TV e
Auksl= w2 A 18 = o] SETi1].

LCD TV §4% 714 steto s 3344, e
A4, MebH, P Goll A& e LCD TV

=

ot
L
2
o>

, Al

>k

|y
~
N

¢

[

2 o o
o,

Ny
o N
rﬁ o> My

S
=
2=
=

l-N' e >

£ 3
S
©
X
>‘
ﬂl
?

ﬁé o]

Sy 249 TV, Ei}ﬁé(interactive)
TV, B Yl Z2EZ(P) TVS Y 7]5& L5 7tsete
=

B
o
&
o e
) T
- :
2 >
fole >, Olfo

N,
N
=
=
e

T
o
e r
o
)
ES

off ot Sk ofy &
o K

o 2 to
= o |
£ o

)
>,
oo
)
N
)
o
o
-IN
]
ol
o
X
o
Q o
o, il
o

N
N
~
m1m ;

o2 2 K

f
(i
Mo 32

eista glet. el B2, ekt 2
taseels] A A9 gleke] TV
3 G $H )55 Baol B

o U gl o yo
O

z

N
N
2

o 9
2 O N

BN
i

X
rr
N
(i

o) TV7} 2= 7| B4 Q1 w4
137 tolH e =&
LCD =& /I3 337

& ]EL % 1+= daisy-chain[2

¥

ot
=,
3
of
o,
Nl

> 2o N
o 4o off
T oM H
) 1z
2 9
EAN]
) ol
[o
p
rir

ot il
of
i

H

=
O

1o
oly
oy
@)
|w)]
>
[>
uisi}
o M
=
mn:
_(:»‘L

Daisy-chain
& JelzA A
T4E 71 HL‘jr St
EartF AR ey

Jz
ro

[l S
r
)
)

1o
! 2

o
[
£y

b
Y
[o
2 rfr M ;&
N
i)
fetl

rir

A

m

o

¥ Xy
—Q‘ [:{g
my

/i)
A

2

B X9 e
o
i

2748

F B3to] bus FEf O IEG AR A Aol B A
Ao

=i A 7dek “LVDS(Low Voltage Differential
Signaling)[3] & ©]-8-3} daisy-chain 2] ] T} LCD Al
2281”2 host LCD$} slave LCDZ 4 =] 9t} Host
LCD= 1:],% LCD /\]/\Eﬂg/] jHL‘] ELE UJ oﬂ/\L ZE:] o}
AoJ & 4= 9l 2™, slave LCDE host LCDo A A4
LVDS 474 4125 &3t} Slave LCD+= Ao -2 9]
TastE A Fol] deEdte] A or ngEe] vl
7FA o] AHEataL, HaZg o] anjdge] wom 1
YL AFoR=A Y 7HA Y 7] AAYEE ZFa gl
At
o T2 b a2k gl A = Ak o
|29 tiste] A 3hal Mol A& 1%
t}% LCD A 28 9] host LCD 7 &Hol] o &}
S ka1, VAol Al = slave LCD 7l o] tfjsle] A
FaL, Vel A = 7 Al =5l (7S g H VI

DRSS
R

=
o

=k
)

C

=2 o wx =2 of\

o of o)
mi “‘O il g
ﬂJlO [‘ﬂ S
g

R

II. CHS LCD A|AHBIS] 714

ne

=2 23
Y offt
o,

(o

ol

fad

> o

ol 2
> o
2

2

oy
Q
O

N I og
ST e O P i
o

PN o e R oo

o T au 3L

o 4 e

T
of
Qo

o
i)
=
f-
:Ol:a'
_‘
i}
2,
oy
o 8 a

= o
o
o fol
e,
e &
2

_o\_(g

Q

gr o
4
it

o = oft

=z
i,
o2
ox
>,

<
>,
foi
[t
rie
fol o
oX oX S omi oM N

fo Ut oX .

o > O w» 2
N

LT

4N &
]
o

E
%0
T

2 ol =y |

= | LCD#

a8 1. 7|9 otE LCD A[A”le #ME
Fig. 1 The existing Multiple LCD System
Schematic



LVDSE ©] 43t daisy-chain *§-4] 2] Th% LCD Al 2~ &) 7%

%28 B =Rl L o LeD AlaRle R
host LCD ¢} slave LCD ¥4 2] & B ©] daisy chain= -
2350} 91t} Host LCDO] 44215 7k 91 =)@ o 2hal

T 53539 dAAEE AX HELCD RER 344S
Z93t) £33 o] host LCD 2E9] 4= N5 S
LVDS 213 2 t}& ©9] slave LCDO| Adsle] A&
ki

©] slave LCD+= LVDS A1 & & )& T+ slave LCDO
At drk ole e T& AEFEYE FANSE A
S8l 3k )¢ slave LCDS A4S 5= 9l o1, host
T E slave LCDoY| o] &k Al o] §lo] host

LCD9] 4 &7 U3 FdES slave LCD &8

g4 9
Vs Host Slave Slave Slave
gasds = oo |7| oot [P Loz [P Loo#

0%l 2. cks LCD AlAHe| M T
Fig. 2 The schematic of Multiple LCD System

= host LCDol| A =
ol 4EES ATV AA 29 LVDS A% A
& A% 327 e s o] 9 & slave LCDO A &=
LVDSZ A45 & 4 snt 541 o} ol ddilss

Eu] Oﬂ/\l—ﬂ]:m«]id 7LQLC =8
%

f
Zi
o
oy
@)
o
—
<
Ag
i
oﬁ
-
o
Q
128
oy
@)
o
N
=

2 2 st

o
|82 277]%, Bitmap OSD7]¥ Ao}, 3D
Comb-filter | Y 5& o 718 4= 9t} 2} sle EAo

B2 2360 Ze|dol el w9 A,

T

ZELVDS £8S 53 34 NE A%, 94
© 2 PIP(Picture In Picture) 7] %5, MP39} 2
7%, Al 4w 2g] o] 83t "Ejn o] 3t A
EddANA, A G A, USB Q1B #H o] 2, SD-H| &
2] 18] 3 CF W 28] Qe Ho] 2~ st 18] a
8 443 531 7153 FAT32 o2 w2 33
23 g Abgzte] Dol wel A7) E 2 o 2
o:] % 4 9)= “AUTO-PLAY” 7|52 t] A& A
AR A Y F37)5o2 &8 7HEs)

o,

o,

oX o,
o g N
g 18 off

b

rlo
o mot

|4

o2 N
2 mlm 0
oz M2
rkﬂoz

N r1r

HostLCD
Audio AMP‘ ‘

2 i)
u

Digital LCD Panel

Host LCD Main Board
ﬂ LVDS ' LVDS To
Mlc—)ggle Transmitter :_:} Slave LCO
Controller
\ Micro—
U Processor

NTSC/PAL/SECAM Tuner usB
CF-Memory

A
f Interface

‘ NTSC/PAL/SECAM Signal

% 3. Host LCD2| A|AE =&Ctolota#
Fig. 3 System block diagram of Host LCD

532 host LCD<] main board
o]t} 717 3] LVDS Transmitter -3 " £ 9 H =2 A
25| 9t} 719 3] NTSC, PAL, SECAM %3 441 5
Y Fio A ol R = v " G
WA GAAl s 7 WHekE ek sy
Module Controllerel| 4] LCD ¥ 'd ol 37
FAAEE WS steE st gl
Transmitter & &3] F/d41EE slave LCDZE
L5 gt} w3 USB M 2| ¢} CF vl e 59 o
w22 ol 9l dE v t]o] 594 7‘41103%1
MP35 ¢ HolH & t 29 #4 & g4
Eujto] 7Avl= &858 7
Micro-Processor] & g2
g, Z2A o] Eode HE 29

d
Ir

of

>
>
fo
Ll r
=
o r
> 4

2 of o
mJN' ox
Mo
o fob
N
N
olr g
g

I
o
=
<
=}
w2

_,4
olr
of
o
o
Jh _\‘L
O TR
5g
w]
é‘.:
e R 1> Ok



S Y B EAI8 8] =] All6H A2

=, LCD Module Controller A ] %5 © & host LCD 2] 4 A
A5 =38l 1% 4 host LCDE| A|2He HEE B

SRR =Y

% 4. Host LCDE| W& 2&
Fig. 4 Internal shape of host LCD

19 4 host LCDE 98 27]= 104814 33 &
P48 282mr252m AV E R V1A E Aol ~g
AHgStATh 19 39 F 2 BEo) figh AL o

2},

3.1. LCD Module Controller and Digital LCD Panel

LCD Module Controller 241+ ESS TechnologyA}2]
ES6425[4] multimedia processor®] Al&3}$th LCD
Module Controller®l| 4] = CF ™| X.2], USB % <] # uj 2]
o 4% Hent]o] o8 E LCD 2ol =4 7hs

g AT E S AR HEelY E9 S g}
FUFYH 47 54 NEELCD i d 3 29 AR
Z9Y 5 %S 3t} %3 LCD Module Controller= PC2]
374 7 53 TSP EE 3 ol g 47wt o
o W o7 Feo] ¥ xRS AU3EE 3Tk
53], CF vl ®.2], USB Wl ®.2] 5] AgujAel 7] 5%
o] dole & A ste] G4 B S0 F8&
Vst =5 ghrh A wf A o] E vl HIFE] Aol ARk
o] o] ] A| 34 LCD Module controller®] %5 7+
A &4

3.2. LVDS Transmitter
Host LCDO| A slave LCDZ H4%H+= G425+

TTL A1 Z clock 24 & 3 ¥ clock-Edge, pre-emphasis

2750

o] 44 Zkoll w2} low EMI(Electro Magnetic Interference)
I LVDS 4l5.2 ¥gts o] AFHct 17 5% A 25
LVDS tranmitter®]t}. 23 5+ LVDS®] transmitter 2
“55mm*39mn” = 7] & 7} ch A2t Alg-® THCV213
[5]- transmitter 2] 3}1}2] A d ol 18bit B o] E] 2} 4bit
Aol dielHE dEdttt. 9249 sidmed uet Ad
AE & T E 2 A SMHzA A & o] 40MHz7HA] A7)
sttt

a2l 5. LVDS transmitter
Fig. 5 LVDS transmitter

3.3. Micro-Processor

o =FoA Jfete]l AFE$% Micro-Processor
MitsubishiA} <] SINGLE-CHIP 16-BIT CMOS
MICROCOMPUTER([6] 3 AH&3toith 2R A%
o] A 9 A, BAlol Eolgle MH 2919 A,
A}-E EEE LCD module controller®] Ao 5o 2
host LCD9| 3414121 Aof ks F=afgiet. o] &
10071 2.2 /g = of glrh

3.4. USB and CF 4| 2.2] Interface

Host LCDell -2+ USB v 22| ¢} CF W 22| 2 7
o] 3] 23 CF ¥ 22| 7} PCol| A “USB #4472 ol
28} A ate] CF Wlie] ] dlolH & AFEA EAL A
A, 01 5L & A 8= USB ZEEZFo|th CF vl
R2] 9 A2 SD W = 2ol ]3] A o2 314 Q1
Fo] 27t 7bsaA TG RAAY Foll fFElshAl A E
Atk

B =F o A& USB 2.0 EFHS 480Mbps 2 W43}
= A9 oy Aoz USB 20 AL
CS8818[7]= Ak-&-3te] F-d sttt W83 2 CS8818-



LVDSE o] &3t daisy-chain %2] 2] U} LCD Al =) 7

&2 A A S AFESH7] §l 8k Aot} o] & 33t
A% wj A ¢1 CD_ROM, CD-RW, DVD-ROM, DVD-RW
I E=a=

ol
t1

IV. Slave LCD 7Hg&

r-[u:

Slave LCD*= host LCD$} 28] HFu]3t
g w2 e] 2ol ¥ 7] ghof AA TV A5 g
s AL 8t ]Equ E} ,LVDS 94 A &2k
o}LCD ol F o= =2
Slave LCD¢] E4] & 1:]-%;)( 7L"4’
- LVDSE 53 1LCD 1%
5 @9 slave LCD &

o

°J7i FJQI host LCD| A A 4:%¥ LVDS
A 259 JE & HAbele] £
% fm =49 7hssltE 9 v 2 LED
Eon A7, TJ_ 2] LVDS 415 9] o] A}o] 7HA =W &
g o] 87153} 7] w0l LCDE off 3HE 715 X% 8l
Slave LCD= =419 LVDS 2132 LCD #2 & 3‘;
ol TTL Al 5.2 W 3hale] LCDoll &3 3}, i3l Waly
TTL A 55 TTL to LVDS A1 & 2 1 3-8 10mo] 4 ¢
79 t}2 ¢ slave LCDE & 43},
Slave LCD9] LVDS %24 B&-2 3l142] PCBol &
2 BE A BEE wRste] AA A&kt o
LVDS Al Ev‘é& ol Loﬂ A& LVDS A 5 4241

Slave LCDb

r&‘l 2

011] 131 20} e & ﬁ%ﬂf‘é B 2 53] |
WG AE AEE FE3] 7Mest RS
ojt}.

39 62 slave LCDY] &5 tlojol 138 BT
ATk 17 7L slave LCDE] W& Es5o|th 19 72
slave LCD host LCD &} 7o) “10.481 A] 3'3"& =43}
+ 309mm*210mm 7] 9] Al o] 22-& mock-up 22 A2t}
Atk 1% 88 73t E slave LCDS] LVDS 4741 3]
2 B3 Q) 19 82 LVDSY) transceiver 2 “83mm
*70mn 72 7] Z 7FA 2 9t} Slave LCDY] 5= & B2t} o]
ol # AL b3 g}

Digital LCD Panel

I

e LVDS

Jiceur l:‘ Transmitter
Controller

LVDS I__‘*

Receiver

1% 6. Slave LCD2| A|AE E&Clo|ot13
Fig. 6 System block diagram of Slave LCD

%l 7. Slave LCDe| W& 25
Fig. 7 Internal shape of Slave LCD

% 8. Slave LCD2l LVDS transceiver
Fig. 8 LVDS transceiver of Slave LCD

4.1.LVDS Receiver and Transmitter

LVDS 415 4215 LVDS 21 5o 5713k clock-
Edge, pre-emphams«] A ho|l HETTLAI S & W %3}
o G =9 L AAS AE 2 o] gHr) Slave LCD
LVDS 213 transmitter= host LCD<] LVDS transmitter 't

&d3H, byt slave LCDO A1 += slave receiver T3}

2751



A B EA S =T Al16H Al12E

A A= o] Slvk

4.2. LCD Module Controller and Digital LCD Panel

Slave LCD2] LCD Module Controller+= PIC16F883
[8]S AF&-3t T o] = Al E A 5 & A 8k =9 7}
58}t LCD 9'd ol &3S &l 5+ micro-controller”}

W= of )lek

V. C}E LCD A|[AHIQl BTt

= A Ve thE LCD Al =¥ 9] AE S ¢
sto] 5719) FrhakEel tisto] AlS71E A 9 7Het
A1 Z+A 3 7151 9) T} Host LCD 9} slave LCD, slave LCD<}
slave LCD2] 59 94 85 93 LVDS A$A7
15mel’d, Bl kel A9l X2 host LCDS’% slave
LCDS] dAdd= 34 o], "4-’1% o] S4Bl 3
249 v ©] 3] & 300 cd/m2 ©] 4, host LCD 2] 374 34 7]
& & 3 multi-media 9l ©] €] 2] PIP %%ﬂ. ol th &k Al 2+
4 g3 Aol A A HfEol =S 5% o]
CEFH R vt 53 H2EE AAISAT & =&
o A 7€ th5 LCD Al =812
of RkEgk 435 Ao AFE4

e ofr

oL
o rlo
ot
o

of
S

2

5.1.LVDS AEAZ(H =)

% 9. LVDSe| M&HE| A&
Fig. 9 The transmission distance real-measure
of LVDS

LVDS A% 7ol & RJ45 UTP 7o &S A&315]
11, ©] RJ45 UTP # ©] & 15mE ©]-&-5}¢] slave LCD 9] 3}
ol Al 25 gelstort.

=1

2752

5.2. Host LCD-Slave LCD ¢ A tH4=
Host LCD®ll t 8t slave LCDS H 4 3¢t o] 4k 42
7hs RS shon o] ARy E ket F A
o

£ stk 29 102 Ay E gl - =
A e A E A AN S B2 9o, 19 11
2 slave LCD9] S UTP Alo] & A4 BH5S HAF

i ek

O% 10, AIMEL Al ARA
Fig. 10 The exhibition photograph of prototype

% 11. Slave LCD HHe| UTP #Ho|E 2&
Fig. 11 The UTP cable shape of slave LCD back
side

5.3.LCD ZUE 417

LCD XY 9] ¥7] =4 & CA-110 Minolta A =7] 2
=& Aq) =4 23 3530d/m 7]- ZA5 9 s

A -2 1.CD 714 9] luminance of white SPEC®] 350cd/m’
] 1—0;AL4H o] :zLo]o]_ 1;]_

19 122 CA-110 Minolta 713712 ©]-&-3F 7t )
Z+¥ Panel B17] 24 S 98t A= nUE 9 25 A
Abzloltl, 218 13 CA-110 Minolta A|Z7]Z o] &3
247k 3kel A}l ot}

=1



LVDSE ©] 43t daisy-chain *§-4] 2] Th% LCD Al 2~ &) 7%

&l 12. CA-110 Minoltael Y E7|&XH
Fig. 12 The panel luminance measure of CA-100 Minolta

MODE

ORY CH |  REMOTE

I

&l 13, CA-110 Minoltasl &2kt
M

Fig. 13 The measurement of CA-100 Minolta

54. 94347

Host LCD9I| = PIP 7] %5-¢] it} o] &= TV G Ak} wu}
o ] ele] A7gE HEjH v o 3%0 A EES
SakA ah B Aoler & 4 ol 1”1
LCD*] st o HEjmt]o] el =9} TV A 5 €] §HA]
A+ o 2 pIP 3}W o)t}

O3 14 Tvet HE[o|C|of Pael PIP &3
Fig. 14. The PIP display of TV and multimedia image

5.5.CF vl 2] 84 57) 44 o] Hl~E

a9 15 CF YRz 334 H2EE 93519 659
CF Y EE & H2EsGT H2~EH W= A4H
G4 EH AKS BolF ol 9th

a8 15 HAEE CF olZa2(of MEE AMEz
Fig. 15 The display of image stored tested CF Memory

5.6. Host LCD 9} slave LCD 2] 2dl= A A 57145
o] A
¥ 12 host LCD®} slave LCD9] HIAE = 93k ¥21H
Aol 3k Aot} 718 162 host LCD transmitter 9
VSYNC 9] Bl2E Z91H TP2E Ko]F 3 9t

# 1. Host LCD2t slave LCD2| HAE-ZQIE
Table 1. test-pointer of host LCD and slave LCD

- - Host Slave
Al &= Al S A
L st LCD| TP | LCD®] TP
Panel-Clock, LCD
PCLK EXNES TP1 TP10
AN F 9
O 0t
HSYNC B DN TP2 TP9
34459
VSYNC 2AEANE TP3 TP8
Data-Enable A1 &,
DEIN | &3 97 739 TPS5 TP6
Enable A1 &

% 16. Host LCD transmitterel VSYNC TP2
Fig. 16 VSYNC TP2 of Host LCD transmitter

2753



% 17. Slave LCD transmitterel VSYNC TP8
Fig. 17 VSYNC TP8 of slave LCD transmitter
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