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The design and FPGA implementation of a general-purpose
LDl controller for the portable small-medium sized TFT-LCD
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Abstract

Aln this paper, a new design of LDI controller IC for general purpose is proposed for driving the
LDI(LCD Driver Interface) controller in 4~9 inches sized portable smell-medium TFT-LCD(Thin Film
Transistor addressed -Liquid Crystal Display) panel module. The designed LDI controller was verified on the
FPGA(Field Programmable Gate Array) test board, and was made the interactive operation with the
commercial TFT-LCD panel successfully. The purpose of design is that it is standardized the LDI controller’s
operation by one LDI controller for driving all TFT-L.CD panel without classifying the panel vendor, and size.
The main advantage for new general-purpose LDI controller is the usage for the design of all panel’s
SoG(System on a Glass) module because of the design for the standard operation. And in the previous
method, it used each LDI controller for every LCD vendor, and panel size, but because a new one can drive
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all portable small-medium sized panel, it results in reduction of LDI controller supply price, and
manufacturing cost of AV(Audio Video) board and panel. In the near future, the development of SoG
IC(Integrated Circuit) for manufacturing more excellent functional TFT-LCD panel module is necessary. As a
result of this research, the TFT-LCD panel can make nore small size, and light weight, and it results in an
upturn of domestic company’s share in the world market. With the suggested theory in this paper, it expects
to be made use of a basic data for developing and manufacturing for the SoG chip of TFT-LCD panel module.
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TFT-LCD #de] BEL A ¥Welo|E, fa 7%,
TFT wig, 9%, #8 g, LDl J o2 FAE
MEIME). a8 12 okmZEx  HF(a-Si)
TFT-LCD g9l F=zolt}. TFT-LCD Hde #Wao|E
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22 ZHE F3A & sthe] M, 4 AHAg FHEA
gt} 7 gae] ¥y AMole TFT g 719 Az de
718 Ato] M) FE 2AHAM AR FA wE S v
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Z¥zZte] TRT Bxke 2709] Alo|E, dlole] #R1& o] 43
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o] Ao 7152 LCD REWY PCB(Printed Circuit
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Fig. 1. The structure of a-Si TFT-LCD panel
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Fig. 2. The structure of TFT array
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Fig. 3. The structure of a TFT pixel element
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Fig. 4. The block diagram of LDI controller
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E 1. LDI Ho7lel A% U Agd
Table 1. The signal and description of LDl controller

8% | 4= pere
CSYNC i 2 F7I8 Q= AME
%ﬁ HSYNO oAt 23 718 57 Al
x2
= cPI PLL S71 23 48
cPO PLL S7I2 52 AlS
HOE 2PA SRIO|H EMsl
204 — —
J— HSTARTL TH sjoio] x| &gt #M3]
HSTARTR H sjo] RF Fo #M3|
Aol | VOE 23| sjpio] gAjst
=Y 23| sipie] 2ol of BAlS}

Nl TFT-LCDS| & LDI Moi7| MA
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N-1. Y8 LDI Moj7|e| 7 Algt

Fd 753 $4% TFT-LCD #'49 LDI 3L 15
dhe N2E ZF9 ¥ LDI Aorls dA] f8A
FPGA(XilinxTM) “9l4 VHDL(VHSIC Hardware
Description Language) s AM-Sl] HAIEa o1& &
3t AV BEdX 452 AFda LCD AZAM} LCDY
Arle) FEsA FdEe RS AP 129 LDl A
o17] AL LCD A=Al LCDY Z71dE 2 & 7Y 4dA
st HEHAUAE, Adshs A2 W8 LDl A7le
I FAE BTSN AR & e Jo= o FF
9 F 7F5% 549 TFT-LCD A4S TEsies 47
gl wety Ful 7Fsd $43 TFT-LCDe ¥4 LDI
g AR feide o 2e AlRRE mesle] A
of 3H1)(2)(7)(8).

34, LDI #Ale)7]17h ez sdS 782718 Ag
59 LDI o] Bod NTEL £ TR A
Z9] Aot B2 A 5o 43 B2 ZFldof gt
LDI Ale1719) Zzt Aze sd 2E5Ule] LDl ez A
Heuz A #de] LDI 3o B3 glojia Fdsie} 1
#ut on] W JARBo ZEo) W FF:3I HAUAAT
Hd ZEUle] LDI Y AZ s} B2 dde A A
FApoi} o7k daoh, E3 ZF Al2Aks #@ddle) LDI
39 Az 17 540 BF 3 R Aolx old @

Aglol ME, Azt 7 sde] Aolde HYE, i
=, ¥ =71, TFT wid 59 840 gd 540 t&
Hol7] wgelct. A% 20 Ho 4% L B ¥
we 7 LDl Avit g 438 143 715 (ER 92
$)& LDI Ae717F AA 223814 A, Afsor gt
(31(9)(10)(11). 2® 5% LDI Aol7lel F& AFES
o] 7ot}
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Fig. 5. The signal timing specification of LD
controller

€A, LDI Ao7]e #d W) LDI %ol o ¥4
WA #H Aol Az} gold 714 FL BE A3t
o Adsel i}, &, W BEY ALY A= LD
o] FFol BAGlel EFo gFpo] Ao} Ao} E 2=
FUle] 30 oid GAlolA A2 480x234 3=, TR
sjde] LDI e F8 A359| o]y FAolr},

Bl psecolth. 2t 59| ElolWe] A spdnltt the
t}. oPdZ 1 We] NTSC(National Television System
Committee), PAL(Phase Alternating Line) TZe|u}
gAg #gel 444 74 EFEslE] gloh aeEs §
B @AY #49, 74 Foes 38 AP FYIA A
Hoz fdd 285 94T EF ez &¥sofo}
gt H1E dA) did Ao LDI 39 #F AzEo| of
H 9 BEF AR AolaiA EloldE a7, LDI
A7I7t BE RSl B AZE AN, AEs
A 7F =2 eh=vH(3)(4)(5)(6)(9)(10)(11).
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F 2. sl mido| DI ICe) A% Eloj2! 7 G Az ALE BAZt) olE dA w9 43, 43

Table 2. The signalvgrrgggssgzﬂ;ilcation of LDI {C for zsleol 23 29l el 27 (blanking) 77 AFE
AlE A | aRE | LGERIALCD | AUO gag, £3 B7] AL 593 29 Y e
CSYNC | tCSYN| 47 47 4.7 Tttt I BR o] AoldE olaistm, oF ol
ATAMAR} tH 63.5 63.5 635 LDL Aloj719 4% ele|dle AAsked oi¢ F83ith
HSYNO | tHSY | 4.69 47 4.62 (3)(4)(51(6).
HOE t1 N/A 3.927 3.38
oAl AjSO| E&= al Alof
t;l: 22 S;: ;Z Table 3. The -E/Se. :nz ;')Z::_ilfi_cé;io’r:s (t? video signals
METARTL frSTH 0. 1 02 O: 103 0. 1 03 ki Fe M ﬁ\ﬁiﬂ b!izgng
2 2.95 1.86 374 NTSC interlace 165.734 khz | 4.70 usec | 5.111 usec
v tCKV 10.09 15.875 4.18 (525) progressive | 31.468 khz | 2.35 usec | 2.556 usec
13 1.46 -3.155 0.816 PAL interlace 15.625 khz | 4.70 usec | 5.333 usec
VOE tOEV 3.85 1.545 5.4 (625) progressive | 31.250 khz | 2.35 usec | 2.667 usec
CPO t4 N/A 4.7 3.26

AR, LDI Alej7l= dd 27182 Gt 3kd 4o o
2 &9 JFE& 2AYHsz, VCO(Voltage Controlled
Oscillator) 39 T 7152 FFslsliof g}, wid
Jd 28 9439 e Hd FHEE 2AEATE, o
gz fdHe 98 138Ee da, 94 TR YUY
3o}, dlZ3er SD 9 HL 4801, 480p, 576i,
576p 5°| UTH1). 93 2ALHS 75e 28 49 &
£ tloloja#@Ay LDI A|o}7] 3ol VCOE ol &aiA
4 A2l A3 LDI Aloi7Ivle] PLL 7I%%e] ¥ 94& ¢
3, #4 BrIsA At 74 sbesitt. o] PLL §7] 7
@ LDI A7) Anick Aolslxn, U sa 5 A
g Afete AMsSke VCO Fagrt tiadh gz
LDI Aloi71e vekst ¥l dgdngte VCo 38
W B3 id ga o gt5olA AMgsla, dEske
PLL 71%€ 7&83a, A Ao NIZEE HE33l
LDI o2 Afslol gt wek o]f @ Ve M=EE
4 LDI A7t 33 3% 54T 2719 wdd
ME o B F9] dde] /fgEtele LDI #o7ie]
1% Fhle A7} §lA At

N-2. §& LDl Hoj7|ef MA <Y
g LDI Alol7] AAle) 7V 28 84% FPGA AV

A, A A Al-kske W4 LDI Alo7le Hdz2 ¢
s 94 9 #Rl $71(HSYNO) A5 7|22 &)
A LDI ol ¥agd 2E I &7 ad Aol 439
goll H4 55 #F {AsE A5 AP E 4e
FPGA AV HI2E HEZ g3sE 44 239 BF ¥4
o] & 39 &7 W FollA Bl¥FA(interlace)d -0l
W4 LDI Alojrle] z} 4159 glo[w& MA Zolt}. o
9= psecolth. Y 9] NTSC, PAL ¥4 5 ojd A
ojufe] wel zt 4lFe Eloly TR AFoz WY
ANSEE dAS Y. F U e i odF 9%
o &9 W] deo RS 74 FITE BHEHM &
FAL Ex HYRAE AAsm, 5 FHEE AFeR
ZAH 3, oo A LDL Aei7lel @ AE9| gle]
B Ao Axtstn APErh =3 dde Hime
FAa4E AAslEg Ao 439 golw FY LAl &
FeS v}, Ggo) I W] 42 47 glo] &Y
7] Q8iME 9 s 24 W 94 €71 PLL
£ BE3] Aoy Ala"l 28E @9l Hz 7R Y=
FAR fresfjop @t % Fu9 PLL 71 LDI Al
ol7] 71%5elA w¢ Fag ol

® 4. 2AiE =2 1D ®oPle| 4= Elojd
Table 4. The signal timing for a designed general-purpose
LDI controlier

daE BEs dese 9 A5d EE BAE Bae, sz gu | e | ew
o WP G, ¢ FALE AR2 A W el el e o Sl
Aol ZATES LDI Aol A5 o9& AWK A HsvNO = a7
olth. ® 3& 525, 525p, 6251, 625p Ml Alxgle]  _HOE b L
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tosH tusy * 1/8
HOTARTL (L 5.111 OJOZ 5.333 -3, H& LDI ®Mo{7]2 Ny &z
v % by * 172 4A% TFT-LCDE '¥& LDl Aeirlel AAe
foxy by * 1/2 XilinxTM FPGA tlule]2st SETM 6.3i 47l 52 AH&
VOE - e Sk, =3 AA He LDI Aol 4AE A28 9
CPO ty tusy * 1/2 3 FPGA HIAE Hte AQlg&os dnjsiaz e

€4, ¥ LDI AloP7lE dde)] &8ss 43 24
dY S s AMEERE VCO FH4E W 92 ZF &
Aol HAlg MEY FolrEE AMFTRH3E). old] A3
A LDI Alei719) PLL 71%& 733K o)d 4A ¥y
< 7]Z LDI Aoi71s} 23] #d o] LDI A& Alls]
A BE 2139 EHolU& AN o 433 dedzA
Egsetlel a¢ g ol k. E 5& e 3
& o 3= g 2AYHIN] AN ALE3Re HEY
Fupe] 7o},

F 5. MAst HE LD Mol VCO Faks
Table 5. The VCO frequency for a designed
general-purpose LD! controller

=gt =l Hae
:E‘i ;ﬁ(ﬁ_ interlace | progressive
480 1 576 | 480 §78
1024 39.33
960 36.00
864 32.75
768 29.50
720 27.00
704 27.00 299 %5 59.9 50
640 24,54 7 4
544 20.86
528 19.80
480 18.00
352 13.50
320 12.27

Fujrel gele MHzolm, H489 @le Hzolth
948 Go] HEFA, EE 3 2 PAolk S 2
£ LDI Alol7)7h & Beo] 94 47 2elg seEsie
A Agoe #sln, PLLE 480, 576 HlHe Al2Ed]
et 4g e £9 8 A6 a9 B FokE
A5 BAZ

TFT-LCD AV BE=E AME3Ion AA % LDI FPGAS
ARS AV Bz diFisld AREgict HE HAG We
LDI Alel71e] 452 AFs] fslA 37 gAlg 9 1
g A 34 Y AEFE AMESl AFEh FPGA
Hez d¥sgs 942 DVD(Digital Versatile(video)
Disk) E#jolol258 A=At NTSC, PAL %49 TV
e S| 258

FPGA HAE HE Az Iy 49 AV Huo 22
tolejzzdlel o] BA UL PEIP] Hdide 39,
%3 A2, DC-DC AWE, VCO T9 =g 7 sidd
2 FHA3A Aok ot a2t AR BG4S HEE
AV Bemtg 2233 FPGA BEE Alaez s )
2717 4A7E ¥a, e Y FHREE Alse A
< o8 7B BAREC] it A ¥4 LDI Alolrle
VHDL AAIE AF37] A AFo] &oldln, FPGA
B Fzlo] A8y Whez AASKIY & 62 FPGA
AA AHE AAHAXilinkTM) FPGA SpartanXL
9l XCS20XL# XC9500 H4! XC95144 tupo)~e] =]
F Algelth. ¥ 72 ¥4 LDI Aolrle] VHDL 24 A%
£o2 AAY & 749 PGA BEo),

¥ 6. LDI Aol AlS3t FPGA ClHjo]A ARt
Table 6. The FPGA device specifications used LD} design

Cijolr | ojzzd | 713 Apless | 2 Fas | upix|
XC95144 | 144 3200 83 Mhz | vQ100
XCS20XL | 950 20K N/A VQ100

7. LDl dAlC| HrEZBoR AZSE AV 2=

Table 7. The manufactured AV board for LDI design

testing
aigzir] | sy | HAERE | LGERIALCD AUO
7 2Ix| | 480x234 0 0 o]
6.5 QIx| | 400x234 N/A o] 0
5 QIx| | 320x240 o} N/A N/A
4 Qx| | 160x234 N/A N/A 0
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n-4. A8 ¥ Mds gt

19 62 ModelsimTM &5 AMsle] 441 ¥4 LDI
Ae7le] e Al Hd(gate level)oA Aol
(simulation) & 33t Azelr}. #de] ddmr} d3=w
AAIg LDI Ael7l Ae) Ui 2A4e A%xcs 3 AES
%9 gloly 7HE A €t} a8 79) Algdle)de
LGEYA LCD(AD S 480x234 4] 7913 A719) g
o tigt A3 Aajelct. LDI Alej7] Aol o L dFsid
ekt Alzale] dd =019} ANES HgsiA Algelelid
& 9k ad 72 LG¥H2 LCD(ADE] 7R TRT-LCD
HdS 9% FPGA BEE HAES 23 gpdele},

We 1D Aol7|E A7), FPGA B=2 A%sle 3 29l
2] TET-LCD #lidell 71323k 4/3& 223l] 3t 2l]] SollA
7FE F83ka, deid AL 94g @43 LDI Atz #11e) 9
% %718 93 VHDL 23 F3ei3lch. 17 49 AV B=e)
B2 tolo]aaAd wWe) BH=e) VCORRE LD A7l ¢
gule F87) g4 Al F=e) PLL $717t 36 @eX
gl 225 J94E Agsil Add 4= ¢l 7 A9 LDI
Ael7ie] 22 74, 3, AZE 23] izl 531 NTSC,
PAL W4 ®Ee] 49 Fulge| R 719 74 sidd
sl 35 g 9 5] A /1Y Fa A &
Aotk E 7¢] 3/M9] 7914 FPGA =2 73, 329 F
8 9d gAY S e Esid vnd HE Ay &2
=Rl AAG HE LD Alol7le GAld ofid 72 glo) <t
FHoz BARle AL lEYrt =3 7} Azl sidel
AC, DC BA& Aol &x)gt, didulel LDI Jo] 75-& 44l
35U 22S o8N Hor Esl o) Ak
LDI Ael7] o] TFT-LCD d ZEUZ A9=5le SoG 44
o e 71&3 APHE S F U Ao didnt

Eﬂe Edi !ie Ingen. Format - Toals: Window :
A PR Bm M LR e LR e e e o Lk

N IS g

B
[H1EEG s to 121244 tis

% 6. AASH LDI Ho4712] ModelsimTM Algaiold 2z}
Fig. 6. The simuation results using ModelsimIM for designed LDl cortraller

T8 7. dAISt TFT-LCD2! H& LDI Aoizie| Sxizinl(| GEA
LCD2| 7¢Ix} i)
Fig. 7. The operation result of designed TFT-LCD
general-purpose LDI controller(for 7 inches panel of LG
Philips LCD co.,itd)

Iv. 2 &

£ =RAME FH e 347 ARSI AR
£ TFT-LCDE Az} LCDY A BAge)
TFT-LCD #4d& 75T 4 A& HE LDI Aojrle 4
AE Aalgtt. 4AE LDI Alol7l= A4 TFT-LCD
el FPGAE AHE3l 7158 ATt AAZ 9
£ LDI #0719 A4 LeDe ARk} LD &7]9
@ 25 LDI Aloi71E FE3AA AAS =
€ did 289 SoG AA A4E 5 Uk 71Ee] 3y
oM LCD ARARE, did I/ wrje) LDI Aoi7]
A& ALl AR vba ) AR LD Aerle 98 F
o 7 4% WES FENE F oA e FEvt
e}, AV BE st 3, wid Az 9} g oA
T Ao BF e SoG A HAIE AT A7 HEe 5
& 71%E 7 4oz gl $siA LDI Alefr]
A, VCO, HlelEt FA9 4 Ael 3, PWM(Pulse
Width Modulation)& ©]-8% DC-DC W7o tig 5
7FEQl A7t WajEolof & Aot
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