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1 OVERVIEW
1. #hA

The LCD controller in the S3C2410X consists of the logic for transferring LCD image data from
a video buffer located in system memory to an external LCD driver.
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The LCD control ler supports monochrome, 2-bit per pixel (4-level gray scale) or 4-bit per pixel
(16-level gray scale) mode on a monochrome LCD, using a time—based dithering algorithm and Frame
Rate Control (FRC) method and it can be interfaced with a color LCD panel at 8-bit per pixel
(256-1evel color) and 12-bit per pixel (4096—level color) for interfacing with STN LCD.
It can support 1-bit per pixel, 2-bit per pixel, 4-bit per pixel, and 8-bit per pixel for
interfacing with the palettized TFT color LCD panel, and 16-bit per pixel and 24-bit per pixel
for non—palettized true—color display
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The LCD controller can be programmed to support different requirements on the screen related
to the number of horizontal and vertical pixels, data |ine width for the data interface, interface
timing, and refresh rate.
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2. FEATURES
2\ q:#nan

2.1 STN LCD displays:

— Supports 3 types of LCD panels: 4-bit dual scan, 4-bit single scan, and 8-bit single scan
display type

— Supports the monochrome, 4 gray levels, and 16 gray levels

— Supports 256 colors and 4096 colors for color STN LCD panel

— Supports multiple screen size

Typical actual screen size: 640X480, 320X 240, 160X160, and others

Maximum virtual screen size is 4Mbytes

Maximum virtual screen size in 256 color mode: 4096 X1024, 2048 X 2048, 1024X4096, and others
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2.1, STN 2! LCD /<88
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2.2 TFT LCD displays:
— Supports 1, 2, 4 or 8bpp (bit per pixel) palettized color displays for TFT
— Supports 16-bpp non—palettized true—color displays for color TFT
— Supports 24-bpp non—palettized true—color displays for color TFT
— Supports maximum 16M color TFT at 24bit per pixel mode
— Supports multiple screen size
Typical actual screen size: 640X480, 320X 240, 160X160, and others
Maximum virtual screen size is 4Mbytes
Maximum virtual screen size in 64K color mode: 2048X1024 and others
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2.3 COMMON FEATURES

The LCD controller has a dedicated DMA that supports to fetch the image data from video buffer
located in system memory. Its features also include:

— Dedicated interrupt functions (INT FrSyn and INT_FiCnt)

— The system memory is used as the display memory.

— Supports Multiple Virtual Display Screen (Supports Hardware Horizontal/Vertical Scrolling)
— Programmable timing control for different display panels

— Supports little and big—endian byte ordering, as well as WinCE data formats

— Supports SEC TFT LCD panel (SAMSUNG 3.5” Portrait/256K Color/Reflective a—Si TFT LCD)
LTS350Q1-PD1: TFT LCD panel with touch panel and front light unit

LTS350Q1-PD2: TFT LCD panel only
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— SRR/ S AL K WinCE Hofia 5(
— 3¢ FF SEC TFT LCD jf ()

NOTE
WinCE doesn’t support the 12-bit packed data format.
Please check if WinCE can support the 12-bit color-mode.
WinCE ANSCRF 12 A7 A A% oo
WA WinCE 27532 FF 12 B AR

2.4 EXTERNAL INTERFAGE SIGNAL
VFRAME/VSYNG/STV: Frame synchronous signal (STN) /vertical synchronous signal (TFT) /SEC TFT signal
VLINE/HSYNG/CPV : Line synchronous pulse signal (STN) /horizontal sync signal (TFT)/SEC TFT signal
VCLK/LCD HCLK : Pixel clock signal (STN/TFT)/SEC TFT signal

VD[23:0] : LCD pixel data output ports (STN/TFT/SEC TFT)

VM/VDEN/TP : AC bias signal for the LCD driver (STN)/data enable signal (TFT)/SEC TFT signal
LEND/STH : Line end signal (TFT)/SEC TFT signal

LCD_PWREN : LCD panel power enable control signal

LCDVFO : SEC TFT Signal OE

LCDVF1 : SEC TFT Signal REV

LCDVF2 : SEC TFT Signal REVB

The 33 output ports in total includes 24 data bits and 9 control bits

2.4, MEREOGES

VFRAME/VSYNC/STV @ Wi[El2E(55 (STN) / HEH[FEIHASS (TFT) / SEC TFT 35
VLINE/HSYNC/CPY  : AT kb5 5 (STND / ACSEREZASS (TFT) / SEC TFT {5

VCLK/LCD_HCLK  : {RZ W55 (SIN/TFT) / SEC TFT f5%5

VD[23:0] © LCD 44 25 $cd iy th 3t 11 (STN/TFT/SEC TFT)

VM/VDEN/TP : LD BRBN AT HE 5 (STN) / Hdlifiiefs5 5 (TFT) / SEC TFT {55
LEND/STH . 474555 (TFT) /SEC TFT {55

LCD PWREN : LCD b YR MG 5

LCDVFO : SEC TFT {55 OE

LCDVF1 : SEC TFT {5*3 REV

LCDVF2 : SEC TFT {&%5 REVB
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2.4 BLOCK DIAGRAM
2.4, HIEE
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; ; LPC3600 is a timing control logic unit for LTS350Q1-PD1 or LTS350Q1-PD2.

Figure 15-1. LCD Controller Block Diagram
15-1 LCD F5 il #HE Pl

The S3C2410X LCD controller is used to transfer the video data and to generate the necessary
control signals, such as VFRAME, VLINE, VCLK, VM, and so on. |In addition to the control signals
the S3C2410X has the data ports for video data, which are VD[23:0] as shown in Figure 15—1. The
LCD controller consists of a REGBANK, LCDCDMA, VIDPRCS, TIMEGEN, and LPC3600 (See the Figure
15—1 LCD Controller Block Diagram). The REGBANK has 17 programmable register sets and 256x16
palette memory which are used to configure the LCD controller. The LCDCDMA is a dedicated DMA,
which can transfer the video data in frame memory to LCD driver automatically. By using this
special DMA, the video data can be displayed on the screen without CPU intervention. The VIDPRCS
receives the video data from the LCDCDMA and sends the video data through the VD[23:0] data ports
to the LCD driver after changing them into a suitable data format, for example 4/8-bit single
scan or 4-bit dual scan display mode. The TIMEGEN consists of programmable logic to support the
variable requirements of interface timing and rates commonly found in different LCD drivers
The TIMEGEN block generates VFRAME, VLINE, VCLK, VM, and so on
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o BRAEHIE T 4h, S3C2410X () LCD il & AT s s 1103 1, 4n B rh VD[23: 0] Birs o LCD #4fl
#% [y REGBANK, LCDCDMA, VIDPRCS, TIMEGEN, and LPC3600 (IfE 15-1 LCD ##HISSHERD) 41/. REGBANK
17 AT YRR 2 A7 A AUR ORI & LCD #5761 2% (1) 256%16 (191 (b /70 #5 . LCDCDMA J& % FH DMA, H
BN EHE 2] LCD JKAhds. FIAXANFERI DMA, MBS v AAERAT CPU 25~ A3 75, VIDPRCS
M LCDCDMA WOl AEts SR e R FLE e plad o5 1 5 s el i B i 11 VD232 0] ik 3 LCD BK5h 4% |,
it 4/8 A HAHGEE 4 A7 AR, TIMEGEN H nl 4 i@ 4 2 1,  SCRE- i WL LCD BK )25 1) 5 I 53
UMM AN 2K . TIMEGEN BEB ™/ FRAME, VLINE, VCLK, VM %{5%5.

The description of data flow is as follows:

FIFO memory is present in the LCDCDMA. When FIFO is empty or partial ly empty, the LCDCDMA requests
data fetching from the frame memory based on the burst memory transfer mode (consecutive memory
fetching of 4 words (16 bytes) per one burst request without al lowing the bus mastership to another

bus master during the bus transfer). When the transfer request is accepted by bus arbitrator
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in the memory controller, there will be four successive word data transfers from system memory
to internal FIFO. The total size of FIFO is 28 words, which consists of 12 words FIFOL and 16
words FIFOH, respectively. The S3C2410X has two FIFOs to support the dual scan display mode
In case of single scan mode, one of the FIFOs (FIFOH) can only be used.

Bl ditis

LCDCDMA 5 FIFO (First-InFirst-Out, EASEHD) fAfifas. 4 FIFO A7 ml# 4> J 2% i, LCDCDMA A5k
5t AR A sCAR IR I i b T IO (AR A Qi SRIE SR 16 AN, AN AoV B e IR
B ) o Al SR T N AP 3 o B SR A 1R I, AR ZERT 4 AT B N RGN 7L S
ARSI FIFO. FIFO [/ SN 28 72, LA ar 545 12 AN 71 FIFOL A1 16 4~F1) FIFOH, S3C2410X 4
A FIFO A7fift o DASCRE O s B 7R~ U — % FIFO (FIFOH) TAf.

3. STN LCD CONTROLLER OPERATION

3. STN &Y LCD =%k

3.1 TIMING GENERATOR (TIMEGEN)
3.1, K& (TIMEGEN)
The TIMEGEN generates the control signals for the LCD driver, such as VFRAME, VLINE, VCLK, and
VM. These control signals are closely related to the configuration on the LCDCON1/2/3/4/5
registers in the REGBANK.
Based on these programmable configurations on the LCD control registers in the REGBANK, the
TIMEGEN can generate the programmable control signals suitable to support many different types
of LCD drivers

TIMEGEN (kiR Azds ) FISkr™ 4k LCD K#)#% (4 Hi{5 5, Qi VFRAME, VLINE, VCLK HI VM. 3X£e424
555 A A A AL P ) 25 4748 LCDCONL/2/3/4/5 [T & 25 DA G,

BT IX88 LOD # i A7 AE s v Jm AR L &, TIMEGEN e/ B v g 4 HifE 5, UG G2 AR
I LCD KB4
The VFRAME pulse is asserted for the duration of the entire first line at a frequency of once
per frame. The VFRAME signal is asserted to bring the LCD' s |ine pointer to the top of the display
to start over.

DA 3T, AESEANEE —4TI0IA], 4B VFRAME (D) JkoR{55 . VFRAME {55 {47455 RI ) s
i PR AT FHT AR i — it .

The VM signal helps the LCD driver alternate the polarity of the row and column voltages, which
are used to turn the pixel on and off. The toggling rate of VM signals depends on the MMODE bit
of the LCDCON1 register and MVAL field of the LCDCON4 register. |f the MMODE bit is 0, the WM
signal is configured to toggle on every frame. If the MMODE bit is 1, the VM signal is configured
to toggle on the every event of the elapse of the specified number of VLINE by the MVAL[7:0]
value. Figure 15-4 shows an example for MMODE=0 and for MMODE=1 with the value of MVAL[7:0]=0x2
When MMODE=1, the VM rate is related to MVAL[7:0], as shown below:

VM Rate = VLINE Rate / ( 2 * MVAL)

VM 55480 LCD BN % AT MZ i B AR AT B AR e, FIAEXHE R IIIT 50, VM A5 5 Al A H R e T
LCDCON1 7 7% MMODE £7. 11 LCDCON4 %3 47 &% MVAL [X B E . 45 MMODE £7.24 0, JU) VM {5 5 Bgifish & — K
47 MMODE 4728 1, W VM {5 5 {e4R:E 21 VLINE {5 5 /5 fid, VLINE #& i MVALL7: O fE e .
15—4 &7~ T LA MMODE=0 1 MMODE=1 H. MVAL[7: 0]=0x2 I {31« 24 MMODE=1 I+ , VM {5 5 ()34 3 &5 MVAL[7:
OJ AR, AA:
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VM % = VLINE #% /(2 * MVAL)

The VFRAME and VLINE pulse generation relies on the configurations of the HOZVAL field and the
LINEVAL field in the LCDGON2/3 register. Each field is related to the LCD size and display mode.
In other words, the HOZVAL and LINEVAL can be determined by the size of the LCD panel and the
display mode according to the following equation:

HOZVAL = (Horizontal display size / Number of the valid VD data line)-1

In color mode: Horizontal display size = 3 * Number of Horizontal Pixel

VFRAME A1 VLINE ¥y A= 1= LCDCON2/3 75 f£#% 1 HOZVAL A1 LINEVAL [IRC &, "&AI 1485 LCD bE
(RN s ¢ . iR e, HOZVAL F1 LINEVAL AJ i LCD it 5 Bontislvh e, A F:

HOZVAL = (/KPom ]S/ A28 VD il BAA 4D -1

A RRBA T KPERRST = 3 % KPR EH

In the 4-bit single scan display mode, the Number of valid VD data |ine should be 4. In case
of 4-bit dual scan display, the Number of valid VD data |ine should also be 4 while in case of
8-bit single scan display mode, the Number of valid VD data |ine should be 8

L INEVAL

LINEVAL = (Vertical display size / 2) -1: In case of dual scan display type

16 4 SRR, A RVD BB 40 5 4 AR SR, A0 VD BdE A E R
A4, ABLE 8 LR, AR VD Bl BA SR 8.

LINEVAL = (EE 2R -1 o T O

LINEVAL = (GEESRRGT /2 -1« XWERER

(Vertical display size) —=1: In case of single scan display type

The rate of VCLK signal depends on the configuration of the CLKVAL field in the LCDCON1 register.
Table 15—-1 defines the relationship of VCLK and CLKVAL. The minimum value of CLKVAL is 2.
VCLK (Hz) =HCLK/ (CLKVAL x 2)

The frame rate is the VFRAM signal frequency. The frame rate is closely related to the field
of WLH[1:0] (VLINE pulse width) WDLY[1:0] (the delay width of VCLK after VLINE pulse), HOZVAL,
LINEBLANK, and LINEVAL in the LCDGON1/2/3/4 registers as well as VCLK and HCLK. Most LCD drivers
need their own adequate frame rate. The frame rate is calculated as follows:

frame_rate (Hz) =1/ [ { (1/VCLK) X (HOZVAL+1)+(1/HCLK) X (A+B+(LINEBLANK X8) ) } X ( LINEVAL+1) ]

— (4+WLH) —_ (4+WDLY)
A=2"" B=2"

Table 15-1. Relation Between VCLK and CLKVAL (STN, HCLK = 60 MHz)

CLKVAL 60 MHz/X VCLK
2 60 MHz/4 15.0 MHz
3 60 MHz/6 10.0 MHz
1023 60 MHz/2046 29.3 kHz

VCLK {55 [R5 R B ¢ F- LCDCON1 75 47 %% 7 CLKVAL FMC & 3% 15-1 5 L T VCLK 55 CLKVAL [ 2% % - CLKVAL
[P/ MER 2.
VOLK (Hz) =HCLK/ (CLKVAL x 2)
MU (TR 5iAE VERAM {55 IR . BRI 25 47 #% LCDCON1/2/3/4 /1 WLH[1: 0] (VLINE fkh e
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JE). WDLY[1: 0] (VCLK ZEiR-T- VLINE Bkyh 5% & ). HOZVAL. LINEBLANK F1 LINEVAL J% VCLK F1 HCLK 254])
MK KZELCD IKEh#s A e G SMWi. WAAT it~ F) A G H
Mg (Hz) = 1/[ { (1/VCOLK) X (HOZVAL+1)+ (1/HCLK) X (A+B+ (L INEBLANKX 8))} X (LINEVAL+1) ]

— (4+WLH) — (4+WDLY)
A=2"" B=2"

4 VIDEO OPERATION

4. MIERIE

The S3C2410X LCD control ler supports 8-bit color mode (256 color mode), 12-bit color mode (4096
color mode), 4 level gray scale mode, 16 level gray scale mode as well as the monochrome mode

For the gray or color mode, it is required to implement the shades of gray level or color according
to time—based dithering algorithm and Frame Rate Control (FRC) method. The selection can be made
following a programmable lockup table, whichwill be explained later. The monochrome mode bypasses
these modules (FRGC and lookup table) and basically serializes the data in FIFOH (and FIFOL if

a dual scan display type is used) into 4-bit (or 8-bit if a 4-bit dual scan or 8-bit single scan
display type is used) streams by shifting the video data to the LCD driver.

The following sections describe the operation on the gray and color mode in terms of the lookup
table and FRC.

S3C2410X ) LCD #5135 1) SCRF 8 AR (256 (afizlD, 12 MR (4096 (i), 4 K
B, 16 ZORFERLC LA R B O 0 T AR BRI () B sh AT 2R 2 1 1 g V2R s B
IRESFAA 73 o AT LLTE I — AN AT gm PR i) R IE#E, XA LS SRR . BB AN 7 2 Le BT

(FRC Ak 3), A LIl il e S0 i FIFOH (R SR 2 X3 Bon 2R A A FIFOL) f %t Hh 4T
ek 4 An (0 4 X 8 A7 B4 W R I O 8 7)) Hdla it 21 LCD BK 5 4%

Bz FOR I A GRS A FR N FRC £E MK BE R 1A
Lookup Table
The S3C2410X can support the lookup table for various selection of color or gray level mapping
ensuring flexible operation for users. The lookup table is the palette which al lows the selection
on the level of color or gray (Selection on 4—gray levels among 16 gray levels in case of 4 gray
mode, selection on 8 red levels among 16 levels, 8 green levels among 16 levels and 4 blue levels
among 16 levels in case of 256 color mode). In other words, users can select 4 gray levels among
16 gray levels by using the lookup table in the 4 gray level mode. The gray levels cannot be
selected in the 16 gray level mode; all 16 gray levels must be chosen among the possible 16 gray
levels. In case of 256 color mode, 3 bits are allocated for red, 3 bits for green and 2 bits
for blue. The 256 colors mean that the colors are formed from the combination of 8 red, 8 green
and 4 blue levels (8x8x4 = 256). In the color mode, the lookup table can be used for suitable
selections. Eight red levels can be selected among 16 possible red levels, 8 green levels among
16 green levels, and 4 blue levels among 16 blue levels. In case of 4096 color mode, there is
no selection as in the 256 color mode
Bk

S3C2410X A SCRF 2 AEE £ A0 B B WU B 0 A 4k 3, i DR A T st kA o (0 A 4k R A2 PT LA
EFERABK LN (E 4 GRFERLT rTI%+E 16 JOKFET IR 4 4, 1 256 (BT nlik$% 16 e
(18 B, 16 &b 8 Al 16 Zl (it 4 B W OM. i vl 76 4 KRR, FIH
AR AT LI FE 16 JOKEETP ) 4 Zo AE 16 BRJERT, KIEGONRARILFEN . 7ERTHER 16 2
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IREE T 1) 16 PR ik $E. fF 256 (AfaU R, 3 AR (M, 3 MARKLEE, 2 0RIE(M . 1X 256
RO 45t 8 FPLr(h, 8 P&l 4 Fhif(h (8%x8%8=256 Ff) LIS TR T, AkETE
ERE . 8 FPLI AT N 16 AT (ikHE, SFhERa T N 16 Lt taikde, 4 Fhis (AT I\ 16 245 ta k£, 78 4096
R R AN AE 256 (i NI

5 Gray Mode Operation

5. IRERIRIE

The S3C2410X LCD control ler supports two gray modes: 2-bit per pixel gray (4 level gray scale)
and 4-bit per pixel gray (16 level gray scale). The 2-bit per pixel gray mode uses a lookup table
(BLUELUT), which allows selection on 4 gray levels among 16 possible gray levels. The 2-bit per
pixel gray lookup table uses the BULEVAL[15:0] in Blue Lookup Table (BLUELUT) register as same
as blue lookup table in color mode. The gray level O will be denoted by BLUEVAL[3:0] value. If
BLUEVAL[3:0] is 9, level Owill be represented by gray level 9 among 16 gray levels. |f BLUEVAL[3:0]
is 15, level O will be represented by gray level 15 among 16 gray levels, and so on. Following
the same method as above, level 1will also be denoted by BLUEVAL[7:4], the level 2 by BLUEVAL[11:8],
and the level 3 by BLUEVAL[15:12]. These four groups among BLUEVAL[15:0] will represent level
0, level 1, level 2, and level 3. In 16 gray levels, there is no selection as in the 16 gray
levels.

S3C24 10X ¥ LCD i s Sy 2 MO BERAA: BB R 260 K (4 UKD MERHEER 4 AL (16 FiK
FEDo 2 A7 /MG EIKOR R — AN (BLUELUT), FCVFLE 16 ] REMI AR BE P % 4 Fho 2 7 /1% %
KRR L A AR (BLUELUT) 54728 BLUEVAL[15: 0], #tARAER R R i F i e 2 4k
F—FE. 0 ZKPEh BLUEVAL[3: 0145 . # BLUEVAL[3:01ME A4 9, W 0 ZKFEMARE 16 AL FIEE 9
PIKSE . A% BLUEVAL[3:0ME N 15, W 0 K EEMARER 16 ZRFETHIEE 15 HAKSE, itk 4% B
Wik, 1K BLUEVALLT: 4]485€, 2 20K th BLUBVALL11: 8J4RE M 3 2Kl th BLUEVAL [15:
12]4553€ - BLUEVAL[15: O] X DUZHELmt /0 AR AL Oy K 1. JKPE 2 AR 3o 5 16 ZURKEEREN B
ANHTELFE T

6. 256 Level Color Mode Operation

6. 256 R BIRIIRIE

The S3C2410X LCD controller can support an 8-bit per pixel 256 color display mode. The color
display mode can generate 256 levels of color using the dithering algorithm and FRC. The 8-bit
per pixel are encoded into 3-bits for red, 3-bits for green, and 2-bits for blue. The color display
mode uses separate lookup tables for red, green, and blue. Each lookup table uses the REDVAL[31:0]
of REDLUT register, GREENVAL[31:0] of GREENLUT register, and BLUEVAL[15:0] of BLUELUT register
as the programmable lookup table entries

S3C2410X 1) LCD 54l #5 v SR 8 A7/ 43 321K 256 (0 o A I FE RS, R0 Wonk
AR 256 FREUE . BHEER 8 ALl gmhd a3 MiARER LIt 3 ARG B RIMARRE M. BN
B I AR 2010 L gt (A g3k o A1 0 HI 95 47 4% REDLUT " REDVAL[31: 0]. %7 4##% GREENLUT
Hi GREENVAL[31: 017747 #% BLUELUT H BLUEVAL[15: O] 44 ml 4 1) £ $R 3 o

Similar to the gray level display, 8 group or field of 4 bits in the REDLUR register, i.e.,
REDVAL[31:28], REDLUT[27:24], REDLUT[23:20], REDLUT[19:16], REDLUT[15:12], REDLUT[11:8]
REDLUT[7:4], and REDLUT[3:0], are assigned to each red level. The possible combination of 4 bits
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(each field) is 16, and each red level should be assigned to one level among possible 16 cases
In other words, the user can select the suitable red level by using this type of lookup table
For green color, the GREENVAL[31:0] of the GREENLUT register is assigned as the lookup table,
as was done in the case of red color. Similarly, the BLUEVAL[15:0] of the BLUELUT register is
also assigned as a lookup table. For blue color, 2 bits are al located for 4 blue levels, different
from the 8 red or green levels
FMIKFE R —HE, 474 REDLUT A 8 414441 4 {7, k& REDVAL[31:28]. REDLUT[27:24] .

REDLUT[23:20]. REDLUT[19:16]. REDLUT[15:12]. REDLUT[11:8]. REDLUT[7:4]#1 REDLUT[3:0], 4)%l#&
JE R . BRI 4 AL T Re GO 16, RERMLLEARNNARE A 16 Bl Regon it —F.
FZo PR HLX R A 8 n] DO PRIG S I LL g0 o X T4, Z5474% GREENLUT HhfF) GREENVAL[31: 0]
A BHR, MAOERIEFRFENARR . [FF, %7 474% BLUELUT ' BLUEVAL[15: O] thliRikoA Ak,
X, M8 AR HIAE, AT 2 i, TR E 4 R

6. 4096 Level Color Mode Operation

6. 4096 i BIRIIRIE

The S3C2410X LCD control ler can support a 12-bit per pixel 4096 color display mode. The color
display mode can generate 4096 levels of color using the dithering algorithm and FRC. The 12-bit
per pixel are encoded into 4- bits for red, 4-bits for green, and 4-bits for blue. The 4096 color
display mode does not use lookup tables

S3C2410X [y LCD sl al LASZHE 12 f7/15% 21 4096 (0 Bt R B Sh Ay fl, XFw
R R ] A 4096 MBS . AR — MR ED 12 (gt h 4 AR 4 AR AR 4 AR
e 4096 10 WAl N AE S A kR

DITHERING AND FRAME RATE CONTROL

-z 0o 3545

For STN LCD displays (except monochrome), video data must be processed by a dithering algorithm.
The DITHFRC block has two functions, such as Time—based Dithering Algorithm for reducing flicker
and Frame Rate Control (FRC) for displaying gray and color level on the STN panel. The main
principle of gray and color level display on the STN panel based on FRC is described. For example,
to display the third gray (3/16) level from a total of 16 levels, the 3 times pixel should be
on and 13 times pixel off. In other words, 3 frames should be selected among the 16 frames, of
which 3 frames should have a pixel—on on a specific pixel while the remaining 13 frames should
have a pixel-off on a specific pixel. These 16 frames should be displayed periodically. This
is basic principle on how to display the gray level on the screen, so—called gray level display
by FRC. The actual example is shown in Table 15-2. To represent the 14th gray level in the table,
we should have a 6/7 duty cycle, which mean that there are 6 times pixel—on and one time pixel-off.
The other cases for all gray levels are also shown in Table 15-2

XFT STN AL LCD Rt CRRLEBRAN), MUAEEE AR 22 i Bl 3) STk AL #] . DITHERC A PN DIfE,
R 95D DRV B 5T I 8 () BB SRR AT A 7 STN BB b Sl /s AR (o iR £ (Rt Aidzs ol o /5 STN A B BT
TS 1 ) A (0 R (0 2R S X LR E A e i, O T o Rt 16 ZURE I EE 3 HRIE (3/16),
BRI R T ETIT 3 AR AL DG 13 AR A, #eF2, 78 16 Wik, —AMREE G ETE 3 i
HOE IR, RIS 13 WX — R A WoR . IX 16 MK 2 R R BRI, XA ROR S b
BRI ADFEAR AL, RIS A T I K R SERR T AR 15-2 Pros. Rk 14
POKSER), A A 6/T Hydrastl, B 6 AN S IR SR Woas i — N AL I TR R A o e Pty K

9



LCD Controller #1 3 Fi} S3C2410
WoRIE O 15-2.
In the STN LCD display, we should be reminded of one item, i.e., Flicker Noise due to the

simultaneous pixel-on and —off on adjacent frames. For example, if all pixels on first frame
are turned on and all pixels on next frame are turned off, the Flicker Noise will be maximized.
To reduce the Flicker Noise on the screen, the average probability of pixel-on and —off between
frames should be the same. |n order to realize this, the Time—based Dithering Algorithm, which
varies the pattern of adjacent pixels on every frame, should be used. This is explained in detail.
For the 16 gray level, FRC should have the following relationship between gray level and FRC.
The 15th gray level should always have pixel—on, and the 14th gray level should have 6 times
pixel—on and one times pixel—-off, and the 13th gray level should have 4 times pixel—-on and one
times pixel-off, ,,,,,,,, , and the Oth gray level should always have pixel—off as shown in Table
15-2.

8 H] STN RS LCD I, FRATINE R I, e, PAARME R th &R il b R R I T 5 58 6iam,
A MU AT AR SRS TR, iR MK T R R A G, AR ek B i K. O T B L
I AR 75, AR KT 5 SR AR AL . D 7S BLIX— o, AR TNt Ol sh 870, e mT DUA Aot
ARG A E AL NIETEAN U] 0T 16 O, Maredas il A7 LA AR 200 Ay
IR R o 55 156 K PENAZAG R RFFTRA, 28 14 ZOKFENAT 6 A AT TAZ FF AT 1 AN BT IR
SR, 3 13 RFENAE 4 AP TATTAN 1T AL [A]DE,  «oeeee LAY INE S S CESRPS
¥y, W& 15-2.

Table 15-2. Dither Duty Cycle Examples

Pre-Dithered Data Duty Cycle Pre-Dithered Data Duty Cycle
(gray level number) (gray level number)

15 1 7 1/2

14 6/7 6 3/1

13 4/5 5 2/5

12 3/4 4 1/3

11 5/7 3 1/4

10 2/3 2 1/5

9 3/5 1 1/7

8 4/1 0 0

Display Types

ERER
The LCD control ler supports 3 types of LCD drivers: 4-bit dual scan, 4-bit single scan, and 8-bit
single scan display mode. Figure 15-2 shows these 3 different display types for monochrome
displays, and Figure 15-3 show these 3 different display types for color displays

LCD £zl a3 RF 3 FIRALM LD IRAh & 4 CLXH . 4 SLFARAT 8 RL A Wos il 18] 15-2 0
B R =R R B 15-3 AR o7 R I =R R,

.1 4-bit Dual Scan Display Type

A 4-bit dual scan display uses 8 parallel data |ines to shift data to both the upper and lower

halves of the display at the same time. The 4 bits of data in the 8 parallel data | ines are shifted

to the upper half and 4 bits of data is shifted to the lower half, as shown in Figure 15-2. The

end of frame is reached when each half of the display has been shifted and transferred. The 8
10




LCD Controller /13T S3C2410

pins (VD[7:0]) for the LCD output from the LCD controller can be directly connected to the LCD
driver.
L XA ERTRAN

4 AR 8 AL IFAT Bt 2 [N AL ik M 2 o BRI R BEAT R B 8 AT LA 4 3
PN LB, M —P RN R, WK 15-2 Fon. MR 5 Bdis 1% 52 BRI — i {45 R .
LCD i &% 5 1 HifK 8 A~ LCD fay s (VDL7: 0]) W] H#%Y LCD W dsAHIZE

4-bit Single Scan Display Type
A 4-bit single scan display uses 4 parallel data lines to shift data to successive single
horizontal lines of the display at a time, until the entire frame has been shifted and transferred.
The 4 pins (VD[3:0]) for the LCD output from the LCD controller can be directly connected to
the LCD driver, and the 4 pins (VD[7:4]) for the LCD output are not used.
ARBEPEETRAR

4 PLEARER A 4 AL T B S AT RS — GRS, BRI B R k. AN LCD #EHI
BeEIHA 4 AN LCD fram (VD3: 0]) nJ B Fz%F) LCD UKzh % I, ifn LCD 4o 1955 4 AN 1 (VDL7: 41)
WA -

8-bit Single Scan Display Type
An 8-bit single scan display uses 8 parallel data lines to shift data to successive single
horizontal lines of the display at a time, until the entire frame has been shifted and transferred.
The 8 pins (VWD[7:0]) for the LCD output from the LCD controller can be directly connected to
the LCD driver.
SMEPEETRARN

8 AL AR ] 8 A7 I ATEAR S AT E I — DAL, LR B A% o 1. AN LCD 5
2551 8 AN LCD #rthism (VD[7: 01D nl HEER] LCD IKah4#s I

256 Color Displays

Color displays require 3 bits (Red, Green, and Blue) of image data per pixel, and so the number

of horizontal shift registers for each horizontal |ine corresponds to three times the number
of pixels of one horizontal line. Resulting in a horizontal shift register of length 3 times
the number of pixels per horizontal line . This RGB is shifted to the LCD driver as consecutive

bits via the paral lel data | ines. Figure 15—3 shows the RGB and order of the pixels in the parallel
data lines for the 3 types of color displays
256 BRIRA

FO SRR FREMERENEGEAR TR 3 A1 (4200, RTINS B0EA T 3 AR
RBH T AN ICPREAL AA7 A B B AT R R B 1Y 3 . RGB Kot DA A7 Hs Ji i A7 2 B4 22
LCD Bialds. W&l 15-3 fion, FE=FBon iR, BEAETHATHE 4 i) =R B AT .

4096 Color Displays

4096 & BRI

Color displays require 3 bits (Red, Green, and Blue) of image data per pixel, and so the number
of horizontal shift registers for each horizontal |ine corresponds to three times the number
of pixels of one horizontal line. This RGB is shifted to the LCD driver as consecutive bits via

the parallel data lines. This RGB order is determined by the sequence of video data in video
buffers.

=R IR R E T s G i DX AR IR (K1 o
1
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S3C2410

MEMORY DATA FORMAT (STN, BSWP=0)

Mono 4-bit Dual Scan Display:

Video Buffer Memory: (HRSHZEM[X)
Address (i#ib) Data (E{#E)

0000H A[31:0]
0004H B[31:0]
1000H L[31:0]
1004H M[31:0]

WA R Hd s 5X
LR R RYERE TN

LCD Panel

A[31] A[30)] ...... A[0] B[31] B[30] ...... B[]] .....

L[31] L[30] ...... L[0] M[31] M[30] ...... M[O] ...

Mono 4-bit Single Scan Display & 8-bit Single Scan Display:

(B0 4 A7 T4 AN 8 A7 BT )
Video Buffer Memory:

Address (ibilt) Data (E3E)

0000H A[31:0]
0004H B[31:0]
0008H c[31:0]

LCD Panel

A[31] A[30] A[29] ...... A[0] B[31] B[30] ...... B[0] C[31] ...... C[C] ......

12



LCD Controller /13T S3C2410

MEMORY DATA FORMAT ( STN, BSWP=0 ) (CONTINUED)
In 4-level gray mode, 2 bits of video data correspond to 1 pixel.

In 16—level gray mode, 4 bits of video data correspond to 1 pixel.

In 256 level color mode, 8 bits (3 bits of red, 3 bits of green, and 2 bits of blue) of video
The color data format in a byte is as follows:
Bit [ 4:2] Bit[1:0]

Green Blue

data correspond to 1 pixel.

Bit [ 7:5]
Red

In 4096 level color mode, 12 bits (4 bits of red, 4 bits of green, 4 bits of blue) of video data

(Video data must

correspond to 1 pixel. The following table shows color data format in words:

reside at 3 word boundaries (8 pixel), as follows)

RGB Order

DATA [31:28] [27:24] [23:20] [19:16] [15:12] [11:8] [7:4] [3:0]
Word #1 Red (1) Green(1) | Blue( 1) | Red( 2) |Green( 2) | Blue( 2) Red (3) | Green(3)
Word #2 | Blue(3) Red (4) Green(4) | Blue(4) Red (5) Green(5) | Blue(5) Red (6)
Word #3 | Green(6) | Blue(6) Red(7) | Green(7) | Blue(7) Red(8) | Green(8) | Blue(8)

WAE B k% =0 (STN,  BSWP=0)
4 PORFERAE, —/MEFE W 2 A s
16 KRR, — MR 4 AR 2R,
256 HRAOMN N, —MEFE M 87 (Hirh 37 4rtn, 3 {gkfn, 2 M) MAEIR R, BoHdikk

W N RPN
il 7:5 ] il 4:2 ] f7.[1:0]
4096 HRARATT, —MEEB 12467 AL 47206, 4 g, 4 ) MR RR, FTRERT
F-WRAERE R AR LI = D,
RGB JliiJy>
#E | [31:28] | [27:24] | [23:20] | [19:16] | [15:12] [11:8] [7:4] [3:0]
FH#| ga0) g2 i (1) 41(2) %) (2 41 (3) @)
FH#H | @O 41(4) £k (4) 15 @) 41 (5) % (5) 1% (5) 41 (6)
F#3 | £ (6) 1% (6) (1) &) i ) 41 (8) £%(8) 1% (8)

13
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S3C2410

VD3| VD2 VD1 VDO | VD3 | VD2

VD1 VDO |

VD3| VD2 [ VD1 VDO [ VD3 [ VD2 [VD1[vDo| . .

4-bit Dual Scan Display (4 {7 {33 70

VD3 | VD2 | VD1 | VD0 | VD3 | VD2 | VD1 [ VoD ]

4-bit Single Scan Display (4 {7 B394 BoR)

VD7 [ VD6 [ VD5 | VD4 | VD3 [ VD2 | VD1 [ VDD |

8-bit Single Scan Display (8 o Ff4ii &)

Figure 15-2. Monochrome Display Types (STN)

K 15-2 R (STN)
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LCD Controller ® 3 F-fiit
vO3 | vD2 | VD1 | VDO | VD3 | vD2 | VD1 | VDO
1 G1 B1 R2 G2 B2 R3 [ G3
1 Pixel
vD7 | vD6 | vD5 | vDa | vo7 |vDe [vos [voa|
1 G1 B1 R2 2 2 R3 [ G3
4-bit Dual Scan Display (4 {7 X{33# @)
VO3 | vD2 | VD1 | VDO | vD3 | vD2 | VD1 | VDO
R G1 B Rz | G2 B2 R3 | G3
———————»
1 Pivel
4-bit Single Scan Display (4 {7 444 R )
Yo7 | vDe | VD5 | VD4 | VD3 | VD2 | VD1 | VDO
1 G1 B1 Rz =2 B2 R3 [ G3
1 Fivel
8-bit Single Scan Display (8 o Ff4i &)
Figure 15-3. Color Display Types (STN)
Kl 15-3 2 10 fi (STN)

15
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Timing Requirements

Image data should be transferred from the memory to the LCD driver using the VD[7:0] signal.
VCLK signal is used to clock the data into the LCD driver’s shift register. After each horizontal
|l ine of data has been shifted into the LCD driver’ s shift register, the VLINE signal is asserted
to display the |ine on the panel

The VM signal provides an AC signal for the display. The LCD uses the sighal to alternate the
polarity of the row and column voltages, which are used to turn the pixels on and off, because
the LCD plasma tends to deteriorate whenever subjected to a DC voltage. It can be configured
to toggle on every frame or to toggle every programmable number of VLINE signals
Figure 15—4 shows the timing requirements for the LCD driver interface.
R

AL VDL7: 01 SR A s N A7 51 LCD BRBh#%. VLK {5 5 2K Eda N LCD Jkahas i
PLAFAFER OIS 5 o —ATHEE AL N LCD B8 MRS AL 2 A7 Ja (848 AN —> VLINE {55 L b AT
(R —ATHIE 4D

VMAE 5 WK BoR e fe it — M ACUE 5 o LCD MR S AT g vl A M A, SXhe vl AR 32T B
K, BN ERE, LCD H %5 B TR S iR o VM A5 (1 m T B8 R i fi B/ i e £l 1) VLINE
55 JE A o

[ 15-4 2 LCD YRzl as4% IR - 25K

16



LCD Controller #1 3 Fi} S3C2410
Full Frame Timing (MMODE = 0)
INT -Fessymee e 2 0000000000000 sirrenisiiiodcinanio —
VFRAME
WM e S A S AAAS kA DD, e B B R .
— |
VLINE LINE‘ILINEELIhESLINEiLINESLINEﬁ ______________ LINERLINEY]
T
I |
! 1
Full Frame Timing (MMODE = 1, MVAL = 0x2)
! |
INT_FrSyn . |
I |
VFRAME
VM i
VLINE LINE‘ILINEELIF,ESLINELLINE:SLIHEG ______________ LINEnLINEY|
|
: s
1 B e e
i 1
INT_FrSyn  __| e i
| FistLineTimng [
VFRAME i
— e s ;
VM ! LINECNT decreases & l
. | Display the 1st line l
VLINE J_L: Display the last line of the previous frame |_| ;
LINEGNT o ¥
Vit N :{ LIMEGLANK g |
- WOLY ARG - WILY
| |
T B LT P oty
: First Line Check & Cata Timing 1
VFRAME | !
R I— 1
| T
VM : |
R 1
VLIME o —a— WLH |
VCLK :
VDI7 ) A A LD
|

WDLY -l

Figure 15-4. 8-bit Single Scan Display Type STN LCD Timing
15-4: 8 A7 F 4 i 7 77 30 STN 28U LCD I ]
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TFT LCD CONTROLLER OPERATION

TFT 2 LCD #= Il g3 1R 1%

The TIMEGEN generates the control signals for LCD driver, such as VSYNGC, HSYNC, VCLK, VDEN, and
LEND signal. These control signals are highly related with the configurations on the
LCDCON1/2/3/4/5 registers in the REGBANK. Base on these programmable configurations on the LCD
control registers in the REGBANK, the TIMEGEN can generate the programmable control signals
suitable for the support of many different types of LCD drivers

The VSYNC signal is asserted to cause the LCD's |line pointer to start over at the top of the
display.

TIMEGEN (kiR AEAS) A1 & LCD KB &% 15 B2 {55, 1 VSYNC, HSYNC, VCLK, VDEN, I LEND
MG T L IR 5 WA A A P I A A7 9% LCDCON1/2/3/4/5 HIBC B B VA O, JE X 26 n] 4 fi LCD
EHITFAEA, Wi AR A gs vl LU= n e M5 S, v SCRRS RIS R LCD IR B8

The VSYNC and HSYNC pulse generation depends on the configurations of both the HOZVAL field and
the LINEVAL field in the LCDCON2/3 registers. The HOZVAL and LINEVAL can be determined by the
size of the LCD panel according to the following equations:

HOZVAL = (Horizontal display size) -1

LINEVAL = (Vertical display size) -1
The rate of VCLK signal depends on the CLKVAL field in the LCDCON1 register. Table 15-3 defines
the relationship of VCLK and CLKVAL. The minimum value of CLKVAL is O.

VCLK (Hz) = HCLK/[ (CLKVAL+1) x2]

VSYNC F1 HSYNC flik fii] (7= A= B e T %5 7% LCDCON2 /3 H HOZVAL 55 LINEVAL ffJfc & {8 .HOZVAL 5 LINEVAL
[P SEBR LCD pEFIRSFA G, AU R
HOZVAL = OKFERIGH) -1
LINEVAL = (FEHERRSH -1
VCLK [f33 Y ¢ T 25 47 %% LCDCON1 A CLKVAL [¥){H . % 15-3 %€ X T VCLK 5 CLKVAL 2 [a][#) 2% % . CLKVAL
(85 /IME A 0.
VCLK (Hz) = HCLK/[ (CLKVAL+1)x2]

The frame rate is VSYNC signal frequency. The frame rate is related with the field of VSYNC,
VBPD, VFPD, LINEVAL, HSYNC, HBPD, HFPD, HOZVAL, and CLKVAL in LCDCON1 and LCDCON2/3/4 registers.
Most LCD drivers need their own adequate frame rate. The frame rate is calculated as follows:
Frame Rate = 1/ [ { (VSPW+1) + (VBPD+1) + (LIINEVAL + 1) + (VFPD+1)} X {(HSPW+1) + (HBPD +1)

+ (HFPD+1) + (HOZVAL + 1) } X { 2 X ( CLKVAL+1 ) / ( HCLK ) } ]

MISTEN A VSYNC 15 S R93HR . miisfi 5454 2 7732 LCDCON1 K% LCDCON2/3/4 Hhfg VSYNC. VBPD. VFPD.
LINEVAL. HSYNC. HBPD. HFPD. HOZVAL #1 CLKVAL BXEk. KZ % LCD IR H ENIEEHIMIN. Wsaa]
HTAREE

Frame Rate = 1/[{(VSPW+1)+ (VBPD+1)+ (LI INEVAL+1)+(VFPD+1)} X { (HSPW+1) + (HBPD+1)
+ (HFPD+1) + (HOZVAL+1) } X {2X (CLKVAL+1) / (HCLK) }]

Table 15-3. Relation Between VCLK and CLKVAL (TFT, HCLK=60 MHz)

CLKVAL 60 MHz/X VCLK
1 60 MHz/4 15.0 MHz
2 60 MHz/6 10. 0 MHz
1023 60 MHz/2048 30. 0 kHz

18
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VIDEO OPERATION
The TFT LCD controller within the S3C2410X supports 1, 2, 4 or 8 bpp (bit per pixel) palettized
color displays and 16 or 24 bpp non—palettized true—color displays.
256 Color Palette
The S3C2410X can support the 256 color palette for various selection of color mapping, providing
flexible operation for users.
R IRAE
§3C2410X ¥ TFT LCD #Hil#&83CHF 1. 2. 4 50 8 T AR R R (U R n A 16 57 24 {7 AR5 R TG (ki
HEA RN,
256 B i &R
S3C2410X SCRFZ PN LB EREI 256 (i, AT B4 B8 Ho ik
MEMORY DATA FORMAT (TFT)
NFEHPETERER (TFD

This section includes some examples of each display mode.

R AR BB LM T

24BPP Display (24 i /{2 & Em)
(BSWP = 0, HWSWP = 0, BPP24BL = 0)

D[31:24] D[23:0]
000H Dummy Bit P1
004H Dummy Bit P2
008H Dummy Bit P3

(BSWP =0, HWSWP =0, BPP24BL = 1)

D[31:8] D[7:0]
000H P1 Dummy Bit
004H P2 Dummy Bit
008H P3 Dummy Bit

|P1|P2|P3|P4|P5|

LCD Panel

VD Pin Descriptions at 24BPP (24 fi/H&E T VD 3| iR )

vD 23122 |21 (20|19 (18 (17 |16 |15 |14 |13 |12 |11 (10 |9 |8 |7 |6 |5|4 |3 |21

RED 7 6 |5 |4 |3 2 1 0

GREEN 7 6 5 4 3 2 (1]0

BLUE 7(6(5]|4)|3|2]|1

19




LCD Controller H3CFJiit S3C2410
16BPP Display (16f/8& BRAR)
(BSWP =0, HWSWP = 0)
D[31:16] D[15:0]
000H P1 P2
004H P3 P4
008H P5 P6
(BSWP =0, HWSWP = 1)
D[31:16] D[15:0]
000H P2 P1
004H P4 P3
008H P6 P5
|P1|P2[P3|[P4|P5| woee
LCD Panel
VD Pin Connections at 16BPP (16fi/{§ & IKVD3| &S
(5:6:5)

vD [23|22|21|20[19[18[17|16[15]14[13][12|11[10]9]8 3[2]1]0
RED al3|2]|1]o0 NC NC NC
GREEN 514 (3[2]|1]0
BLUE 0
(5:5:5:1)

VD |23|22|21|20|19|18|17|16|15|14|13|12|11|10|9 |8 3l2]|1]0
RED 40321 1 | NC NC NC
GREEN 43|21 ]0]1
BLUE of1

NOTE: The unused VD pins can be used as GPIO.
HRE: ARMEHIVDS AT F/EGPTO

20
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8BPP Display (8fi/f&&ERHT)
(BSWP =0, HWSWP = 0)

D[31:24] D[23:16] D[15:8] D[7:0]
000H P1 P2 P3 P4
004H P5 P5 P7 P8
008H P9 P10 P11 P12

(BSWP =1, HWSWP = 0)

D[31:24] D[23:16] D[15:8] D[7:0]
000H P4 P3 P2 P1
004H P8 P7 PG P5
008H P12 P11 P10 P9

|P1|P2|P3|P4|P5|P6|P7|P8|P9|PIO|P11|P12]"

LCD Panel

21




LCD Controller #1 3 Fi} S3C2410
4BPP Display (Mr/MEEEFRFTRD
(BSWP = 0, HWSWP = 0)

D[31:28] | D[27:24] | D[23:20] | D[19:16] | D[15:12] | D[11:8] D[7:4] D[3:0]
000H P1 P2 P3 P4 P& PG P7 P8
004H P9 P10 P11 P12 P13 P14 P15 P16
008H P17 P18 P19 P20 P21 P22 P23 P24

(BSWP =1, HWSWP = 0)

D[31:28] | D[27:24] | D[23:20] | D[19:16] | D[15:12] | D[11:8] D[7:4] D[3:0]
000H P7 P3 P5 PG P3 P4 P1 P2
004H P15 P16 P13 P14 P11 P12 P9 P10
008H P23 P24 P21 P22 P19 P20 P17 P18

2BPP Display (2pi/BEERTR)
(BSWP = 0, HWSWP = 0)

D [31:30] [29:28] [27:26] [25:24] [23:22] [21:20] [19:18] [17:16]
000H P1 P2 P3 P4 P& PG P7 P8
004H P17 P18 P19 P20 P21 P22 P23 P24
008H P33 P34 P35 P36 P37 P38 P33 P40

D [15:14] [13:12] [11:10] [9:8] [7:6] [5:4] [3:2] [1:0]
000H P9 P10 P11 P12 P13 P14 P15 P16
004H P25 P26 P27 P28 P29 P30 P31 P32
008H P41 P42 P43 P44 P45 P46 P47 P48

22
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256 PALETTE USAGE (TFT)
Palette Configuration and Format Control
The S3C2410X provides 256 color palette for TFT LCD Control.
The user can select 256 colors from the 64K colors in these two formats
The 256 color palette consists of the 256 (depth) X 16-bit SPSRAM. The palette supports 5:6:5
(R:G:B) format and 5:5:5:1(R:G:B:1) format.
When the user uses 5:5:5:1 format, the intensity data(l) is used as a common LSB bit of each
RGB data. So, 5:5:5:1 format is the same as R(5+1) :G(5+I) :B(5+1) format.
In 5:5:5:1 format, for example, the user can write the palette as in Table 15—-5 and then connect
VDpin to TFT LCD panel (R(5+1)=VD[23:19]+VD[18], VD[10] or VD[2], G(5+1)=VD[15:11]+VD[18], VD[10]
or VWD[2], B(5+I1)=vD[7:3]+ vD[18], VD[10] or VD[2].), and set FRM 565 of LCDCON5 register to
0.

R E B ) T R A

$3C2410X 4y TFT %Y LCD e it T 256 (A tahi .

FEIX PR b T DU 64K Bl (A % 256 Fl B 2R,

256 10 (O 1 256 (VR 8) X 16 £ SPSRAM ZH B¢, IX il (b ] 3245 5:6:5 (R:G:B) F1 5:5:5:1(R:G:B: T)
PR

G AL 5:5:5: 1 M2, S (DD W HIPESEAS GRB Hidls 19 3L [7] LSB (AR 244, Bl 5:5:5: 1
B AT R(5HD) 6 (5+T) :B(5+1) k5o

f#H 5:5:5:1 #XF, @ldn, A rTansR 16-5 ASREEC & R EBR, SR)545 5 1 VD $:31] TFTLCD Bt (3L
o R(5+1)=VD[23:19]+VD[18],VD[10] &%  VD[2],G(5+1)=VD[15:11]+VD[18],VD[10] &%  VD[2],
B(5+1)=VD[7:3]+ VD[18], VD[10]uk VD[2]), #4&F4F-#% LCDCON5 ¥y FRM565 ¥ & 1% 0.

Table 15-4. 5:6:5 Format
INDEX'BitPos. |15 |14 (13 |12(11 |10 9 | 8| 7T |6 | 5 (4| 32|10 Address

00H R4 |R3I|R2|R1|RO|Gh|G4|G3|G2|G1|G0|B4|B3|B2|B1|B0| 0x4D000400
(note1)
01H R4 | RI|R2|R1|RO|GE|G4 |G| G2 |G1|G0|B4|B3|[B2|B1|B0O| 0x4D000404
FFH R4 |R3I|R2|R1T|RO|G5|G4 |G| G2 |G1|G0 (B4 | B3| B2(B1|B0| 0X4D00OTFC
Mumberof VD [ 23 |22 (21|20 19 (15| M4 [13|12( 11|10 7 | 6 |5 (4] 3

Table 15-5. 5:5:5:1 Format

INDEX\BitPos. (15 (14|13 (12|11 |10 9 (B (T |6 |5 |43 |2[1]0 Address
0oH R4|(R3|R2|R1|RD|G4|G3|G2|G1|GD| B4 | B3| B2 |B1|B0| | | 0X4D00D0400
01H R4(R3I|R2|R1|RO|G4|G3|G2|G1|GD| B4 | B3| B2 |B1|B0| | | 0X4D000404
FFH R4|(R3I|R2|R1|RO|G4|(G3 (G261 |GD| B4 | B3| B2 |B1|B0| | | 0X4D0D0D7FC

Numberof VD |23 |22 (21|20 (19|15 |14 [13|12(11| T |6 |5 |4 |3 |"
NOTES:

1. 0x4D000400 is Palette start address

2. VD18, VD10 and VD2 have the same output value, |I.

3. DATA[31:16] is invalid.

TE:

1. 0x4D000400 J& i (e b e 4y bk«

2. VDI8. VD10 A1 VD2 HyfmifE2 —FEry, B I,

3+ DATA[31:16] /&AM,

Palette Read/Write

When the user performs Read/Write operation on the palette, HSTATUS and VSTATUS of LCDCON5
register must be checked, for Read/Write operation is prohibited during the ACTIVE status of
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HSTATUS and VSTATUS.
HERES

M P ERER EPATIEESEERN, FRA— N4 LCDCONS Hif) HSTATUS A1 VSTATUS, K A7E

HSTATUS F1 VSTATUS AR A ACTIVE JHIA], 525 #RAE 2448 1 F AT .
Temporary Palette Configuration

The S3C2410X al lows the user to fill a frame with one color without complex modification to fill
the one color to the frame buffer or palette. The one colored frame can be displayed by the writing
a value of the color which is displayed on LCD panel to TPALVAL of TPAL register and enable TPALEN.

AR IR EE

S3C2410X 78 VT H P AE A KIS P4 O N 6 — BN — PPty , X REn] ORI 2% b 5 (B —
Fpgte . RN FEFEUE R, SRR B N ZF 748 TPAL H1¥) TPALVAL Jf H ¥ TPALEN &

10

A[31] A[30] A[29] A[28] A[27] A[26]A[25] A[24] A[23] A[22] A[21] A[20] A[19]A[18] A[17] A[16]

R4 |R3 |R2 | R1 |RO | G4 | G3 | G2 |G1|GO|R4 | B3| B2 |B1T|BO 1

R4 [R3 | R2 [R1 | RO | G4 | G3 | G2 | Gl | GO | R4 | B3 | B2 | B1 | BO I
A[13] A[14] A[12] A[12] A[11] A[10] A[9] A[8] A[¥] A[6] A[5] Al4] A[3] A[2] Al1] A[O]

LCD Panel

16BFPP 5:5:5+1 Format(Non-Palette)

A[31] A[30] A[29] A[28] A[27] A[26]A[25] A[24] A[23] A[22] A[21] A[20] A[19]A[18] A[17] A[16]

R4 [R3I |R2 |R1T| RO | G5 |G4 |G3 | G2 |G1|GO| B4 | B3 |B2|B1|BO

R4 |R3 |R2 |R1T |RO | G5 | G4 | G3 [G2 |GT1|GD |B4 [B3 | B2 |B1 | BO

A[15] A[14] A[13] A[12]A[11] A[10] A[9] A[B] A[7] A[6] A[5] A[4] A[3] A[2] A[1] A[0]

LCD Panel

16BPP 5:6:5 Format{Non-Palette)

Figure 15-5. 16BPP Display Types (TFT)
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VSYNC | :___1
CC SR | I I
o E ? II.-'ElF“I:jH i_ i_ L;%JE".-":"-"\L_H : ":J:l‘:;;ri

i'-:’SF'WH / 'Frk -'=J§
vl
: N seenessssessll

HBPD+1 HOZVAL+1 HFPD+1

Figure 15-6. TFT LCD Timing Example

SAMSUNG TFT LCD PANEL (3.5 PORTRAIT / 256K COLOR /REFLECTIVE A-S| TFT LCD)
The S3C2410X supports SEC TFT LCD panel (SAMSUNG 3.5 Portrait / 256K Color /Reflective a—Si

TFT LCD).

LTS350Q1-PD1: TFT LCD panel with touch panel and front light unit
LTS350Q1-PD2: TFT LCD panel only

The S3C2410X provides timing signals as follows to use LTS350Q1-PD1 and PD2:

STH
P
INV

LCD_HCLK

CPV
STV
OE
REV
REVB

:Horizontal Start Pulse
:Source Driver Data Load Pulse
:Digital Data Inversion
:Horizontal Sampling Clock
:Vertical Shift Clock
:Vertical Start Pulse

:Gate On Enable

: Inversion Signal

: Inversion Signal

25
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So, LTS35001-PD1 and PD2 can be connected with the S3C2410X without using the additional timing
control logic.

But the user should additionally apply Vcom generator circuit, various voltages, INV signal and
Gray scale voltage generator circuit, which is recommended by PRODUCT INFORMATION (SPEC) of
LTS350Q1-PD1 and PD2.

Detailed timing diagram is also described in PRODUCT INFORMATION (SPEC) of LTS350Q1-PD1 and PD2.

Refer to the documentation (PRODUCT INFORMATION of LTS350Q1-PD1 and PD2), which is prepared by
AMLCD Technical Customer Center of Samsung Electronics Co., LTD

Caution:

The S3C2410X has HCLK, working as the clock of AHB bus

Accidentally, SEC TFT LCD panel (LTS350Q1-PD1 and PD2) has Horizontal Sampling Clock (HCLK).
These two HCLKs may cause a confusion. So, note that HCLK of the S3C2410X is HCLK and other HCLK
of the LTS350 is LCD_HCLK.

Check that the HCLK of SEC TFT LCD panel (LTS35001-PD1 and PD2) is changed to LCD HCLK
VIRTUAL DISPLAY (TFT/STN)]

The S3C2410X supports hardware horizontal or vertical scrolling. |If the screen is scrolled, the
fields of LCDBASEU and LCDBASEL in LCDSADDR1/2 registers need to be changed (see Figure 15-8),
except the values of PAGEWIDTH and OFFSIZE
The video buffer in which the image is stored should be larger than the LCD panel screen in size.
ERIER (TFT/STN)

S3C2410X SCRFAEAFTT AP R HIR BT« SR DF, A& LCDSADDR1 AT LCDSADDR2 FF A7 4% H 1)
LCDBASEU A1 LCDBASEL [fJ{E. (&l 15-8). fHA il i &k PAGEWIDTH 1 OFFSIZE kS5 o

BIRGEM X T ERAE ST BV L LCD W b KL,

26
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OFFSIZE

PAGEWIDTH

OFFSIZE

»ld
<

»ld
<

LCDBASEU

LCDBASEL

]
This is the dqtaof line 1 of virtual screen.

]
This is the data (I)f line 1 of virtual screen.

This is the dfta of line 2 of virtual screen.

This is the/ddta of line 3 of virtual screen.

This is the ddta of line 4 of virtual screen.

This is the data df line 2 of virtual screen.
This is the data (f line 3 of virtual screen.

This is the data df line 4 of virtual screen.

. This is the data (f line 5 of virtual screen.

. This is the data {f line 6 of virtual screen.

This is the dfta of line 7 of virtual scrgen.

This is th¢/ data of line 8 of virtual scregn.
This is fhe data of line 9 of virtual scree

This J

Ths is the data of line 11 of virtual screen.

This is the data oMhqe 7 of virtual screen.

This is the data of line 8 of~tual screen.

This is the data of line 9 of virtual een.

the data of line 10 of virtual screen\ This is the data of line 10 of virtual scree

his is the data of line 11 of virtual screen

Before Scroling

LINEVAL + 1

\View Port

(The same size
of LCD panel.)

N

This is the data of Iing 1 of virtual screen.
This is the data of line 2 0

is is the data of line 3 of virtusl screen

irtual screen.

This is the data of line 1 of virtual screen.
This is the data of line 2 of virtual screen.

This isthe data of line 3 of virtual screen.

This isthe data of line 4 of virtuallscreen.

This is the datq of line 5 of virtual|screen.
e 6 of virtual|screen.

screen.

This is the data of line 8 of virtu

This is the data of line 9 of virtual screen.

This is the data of line 10 of virtual screen. This is the data of line 10 of virtual screen.

This is the data §f line 4 of virtual scfeen.
This is the data of\ine 5 of virtual scren.
This is the data of line 6 of virtual scren.

This is the data of line 7 of virtual screen.

een.

This is the data of line 9 of virtual screen.

This is the data of line 11 of virtual screen. This is the data of line 11 of virtual screen

After Scroling

Figure 15-7. Example of Scrolling in Virtual Display (Single Scan)

B 15-7: BUERERFE Gaa#) =~
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LCD POWER ENABLE (STN/TFT)

The S3C2410X provides Power enable (PWREN) function. When PWREN is set to make PWREN signal
enabled, the output value of LCD_PWREN pin is controlled by ENVID. In other words, |f LCD_PWREN
pin is connected to the power on/off control pin of the LCD panel, the power of LCD panel is
control led by the setting of ENVID automatically.

The S3C2410X also supports INVPWREN bit to invert polarity of the PWREN signal.

This function is available only when LCD panel has its own power on/off control port and when
port is connected to LCD_PWREN pin

LCD A4 R JRIZHI (STN/TFT)
S3C2410X A 4zl (PWREN) TjRE. Joi H rEdsidas iy, 510 LCD_PWREN % (B A2 H ENVID #2401
#5525 JH LCD_PWREN #2482 LCD Bf (1) FEYE I Sk il 5, LCD B (1 rELYEEE 11 80 e ENVID [ 1 B A 52
S3C2410X IR MLk S 647 C INVPWREND, ] LL PWREN {55 [l Pk Jg 5
BT RE UG LCD B s s il 1 HLA A% 2 48 LCD_PWREN 5| BHII 77 A 2%

ENVID j»\

SRR J:/ LCD Panel ON o
[l Ly 1

YFRAME

VLI I I N I O _ L

STN LCD

ENVID

LCD _PWREN

LCD Panel ON

VSYNC | _ [ ] ) [ ]

I
i 1 FRAME R

Ll
- ™

TFT LCD

Figure 15-8. Example of PWREN Function (PWREN =1, INVPWREN = 0)
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LCD CONTROLLER SPECIAL REGISTERS
LCD Control 1 Register

Register

Address R/W Description

Reset Value

LCDCON1

0X4D000000 | R/W LCD control 1 register

0x00000000

LCDCON1

Bit Description

Initial State

LINECNT
(read only)

[27:18] | Provide the status of the line counter.
Down count from LINEVAL to O

0000000000

CLKVAL

[17:8]

STN: VCLK = HCLK / (CLKVAL X 2)
TFT: VCLK = HCLK / [(CLKVAL+1) X 2]

Determine the rates of VCLK and CLKVAL][9:0].

(CLKVAL=2)
(CLKVALZ0)

0000000000

MMODE

[7] Determine the toggle rate of the VM.
0 = Each Frame,
1 = The rate defined by the MVAL

PNRMODE

[6:5] | Select the display mode.

00 = 4-bit dual scan display mode (STN)
01 = 4-bit single scan display mode (STN)
10 = 8-bit single scan display mode (STN)
11 = TFT LCD panel

00

BPPMODE

[4:1] | Select the BPP (Bits Per Pixel) mode.
0000 = 1 bpp for STN, Monochrome mode
0001 = 2 bpp for STN, 4-level gray mode
0010 = 4 bpp for STN, 16-level gray mode
0011 = 8 bpp for STN, color mode

0100 = 12 bpp for STN, color mode

1000 =1 bpp for TFT

1001 = 2 bpp for TFT

1010 =4 bpp for TFT

1011 =8 bpp for TFT

1100 = 16 bpp for TFT

1101 =24 bpp for TFT

0000

ENVID

[0] LCD video output and the logic enable/disable.

0 = Disable the video output and the LCD control signal.
1 = Enable the video output and the LCD control signal.

29




LCD Controller 75z F-Ji} S3C2410
LCD i=HI R E AFE T8
LCD il 75 fr s 1
TS Huhl: R/W iR BALE
LCDCON1 | 0X4D000000 | RM | LD ¥ %5 4752 1 0x00000000
LCDCON1 Bit Hik WIHe{E
LINECNT | [27:18] | ATV IRASA, A LINEVAL 3% % 0 0000000000
(k)
CLKVAL Determine the rates of VCLK and CLKVAL[9:0]. 0000000000
[178] | s7N: veLK = HOLK / (CLKVAL X 2) (CLKVAL=2)
TFT: VCLK = HCLK / [(CLKVAL+1) X 2] (CLKVAL=Z0)
MMODE [7] Y5 VNI 5 [ A T 2 0
0 = fpifih,
1 = fil A s A HMVAL Y€
PNRMODE | [6:5] | & pftist ik sefr 00
00 = 4 W4 H oA=L (STN)
01 = 407 A4l WoRBEA (STN)
10 = 8f7 4 WA (STN)
11 = TFTHLCD &R
BPPMODE | [4:1] | siAMG R0 Bk £ 0000
0000 = STNHLf /5 3%, it
0001 = STNRU2MT /MG %, A IR FE R
0010 = STNHUARI/ME 1644 K FE R
0011 = STNASHI /G %, it
0100 = STN# 121 /5 3%, izt
1000 = TFTAILAI /MG %
1001 = TFTAI2 /% %
1010 = TFTALAI MG %
1011 = TFTAI8 /% %
1100 = TFTAL 164 /1% 2%
1101 = TFTAY2447 /1% %
ENVID [O1 | LCOWAit A St R 0
0 = M L AR BIE 5 %%
1 =HL A AR R S R
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LCD Control 2 Register
Register Address R/W Description Reset Value
LCDCON2 0X4D000004 | RIW LCD control 2 register 0x00000000
LCDCON2 Bit Description Initial State
VBPD [31:24] | TFT: Vertical back porch is the number of inactive lines at the 0x00
start of a frame, after vertical synchronization period.
STN: These bits should be set to zero on STN LCD.
LINEVAL [23:14] | TFT/STN: These bits determine the vertical size of LCD panel. 0000000000
VFPD [13:6] | TFT: Vertical front porch is the number of inactive lines at the 00000000
end of a frame, before vertical synchronization period.
STN: These bits should be set to zero on STN LCD.
VSPW [5:0] TFT: Vertical sync pulse width determines the VSYNC pulse's 000000
high level width by counting the number of inactive lines.
STN: These bits should be set to zero on STN LCD.
Y= H T 72
TG Huhk R/W £t SAhE
LCDCON2 | 0X4D000004 | R/MW | LCD ¥4 %5758 2 0x00000000
LCDCON2 iz ik PIERE
VBPD [31:24] | TFT: SEJSH (VBPD) fR{E—WIFUAN, ME D2 5 0x00
EEEN AT HIECH
STN: {ff HISTNZALLCDHS A7 3 40
LINEVAL [23:14] | TFT/STN: X467 yese LCD Jii i3 B R 0000000000
VFPD [13:6] | TFT: MBS RAE— WGk s, 3 B 25 I U1 s sh A T i 3 00000000
H.
STN: {ff HISTNZALLCDH A7 A 40
VSPW [5:0] TET: Jd i ARG S0 AT I V4, 8 R A ki 5 B2 e VS YNC 000000
e v LS 0
STN: {ff HISTNALLCDHS A7 A 40
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LCD Control 3 Register
Register Address R/W Description Reset Value
LCDCON3 0X4D000008 | R/W LCD control 3 register 0x00000000
LCDCONS3 Bit ik Initial state
HBPD (TFT) [25:19] | TFT: Horizontal back porch is the number of VCLK periods 0000000
betweenthe falling edge of HSYNC and the start of active data.
WDLY (STN) STN: WDLY[1:0] bits determine the delay between VLINE and
VCLK by counting the number of the HCLK. WDLY[7:2] are
reserved.
00 =16 HCLK, 01 =32 HCLK, 10 = 48 HCLK, 11 = 64 HCLK
HOZVAL [18:8] TFT/STN: These bits determine the horizontal size of LCD panel. | 00000000000
HOZVAL has to be determined to meet the condition that total
bytes of 1 line are 4n bytes. If the x size of LCD is 120 dot in
mono mode, x=120 cannot be supported because 1 line consists
of 15 bytes. Instead, x=128 in mono mode can be supported
because 1 line is composed of 16 bytes (2n). LCD panel driver
will discard the additional 8 dot.
HFPD (TFT) [7:0] TFT: Horizontal front porch is the number of VCLK periods 0X00
between the end of active data and the rising edge of HSYNC.
LINEBLANK STN: These bits indicate the blank time in one horizontal line
(STN) duration time. These bits adjust the rate of the VLINE finely. The
unit of LINEBLANK is HCLK X 8. Ex) If the value of LINEBLANK
is 10, the blank time is inserted to VCLK during 80 HCLK.
=l FFRR3
T HihE R/W ik 5 RHE
LCDCON3 | 0X4D000008 | R/W LCD #2745 3 0x00000000
LCDCON3 Bit Ejipa BIERE
HBPD (TFT) |[25:19] | TFT: K} /5 (HBPD) AHSYNC T B##s J5 547 2%l < if'VCLK | 0000000
IS EUEVgE
WDLY (STN) STN: WDLY[1:0)47i8 i % HCLKA 1 $ v 52 VLINEL) VCLKZ 1] /]
GEIR . WDLY[7:2) 45 B A7
00 =16 HCLK, 01 = 32 HCLK, 10 = 48 HCLK, 11 = 64 HCLK
HOZVAL [18:8] | TFT/STN:IZX LA ke A LCDIR/K Y- ), HOZVALLZi#FR5E LL | 00000000000
Wi AT AN TSR WA AR FLCD T4 1201 5,
H120 SR AP SRR, B AT B SN2 . T it
N AT1284 fUE P LASCRE, B AT 16(2n) A 15 41 LCD
B Z 5 2 R8N K.
HFPD (TFT) | [7:0] TFT: AFHTHY (HFPD) A7 808 2 J5 5 HSYNC _EFHETTVCLK 0X00
PG EYEVgER
LINEBLANK STN: I G A7 Aff 3 AT 148 1A 3R [ IR ) 3 247 ] A VLINE [R5
(STN) LINEBLANK/) 5 /NICHHCLK*8, 4i: LINEBLANK=10, iR[[i
1] 780 HCLK ] )46 AVCLK.
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LCD Control 4 Register
Register Address R/W Description Reset Value
LCDCON4 0X4D00000C | R/W LCD control 4 register 0x00000000
LCDCON4 Bit Description Initial state
MVAL [15:8] | STN: These bit define the rate at which the VM signal will toggle if 0X00
the MMODE bit is set to logic '1'.
HSPW(TFT) TFT: Horizontal sync pulse width determines the HSYNC pulse's 0X00
[7:0] high level width by counting the number of the VCL K.
WLH(STN) STN: WLH[1:0] bits determine the VLINE pulse's high level width
by counting the number of the HCLK.
WLHJ[7:2] are reserved.
00 =16 HCLK, 01 = 32 HCLK,
10 =48 HCLK, 11 =64 HCLK
LCD ZH| %178 4
Register Address R/W Description Reset Value
LCDCON4 0X4D00000C | RIW LCD ¥R 254758 4 0x00000000
LCDCON4 Bit Description Initial state
MVAL [15:8] | STN: 41 MMODE=1,iX ¥ 5E X VM 15 5 DU i A2 4L, 0X00
HSPW(TFT) TFT: R0 VCLKITHEUR [ ik o 56 2 vk o FHFHSYNC K ey H 0X00
01| aeane s .
WLH(STN) STN: i HCLK (134, WLH[1:0] A7 35 5 VLINE ik i) & H
B MTWLH[7:2)4 A {4 B 47
00 =16 HCLK, 01 = 32 HCLK,
10 =48 HCLK, 11 =64 HCLK
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LCD Control 5 Register
Register Address R/W Description Reset Value

LCDCONS5 0X4D000010 | R/W LCD control 5 register 0x00000000

LCDCONS5 Bit Description Initial state

Reserved [31:17] | This bit is reserved and the value should be 'O’ 0

VSTATUS [16:15] | TFT: Vertical Status (read only). 00
00 = VSYNC 01 = BACK Porch
10 = ACTIVE 11 = FRONT Porch

HSTATUS [14:13] | TFT: Horizontal Status (read only). 00
00 = HSYNC 01 = BACK Porch
10 = ACTIVE 11 = FRONT Porch

BPP24BL [12] TFT: This bit determines the order of 24 bpp video memory. 0
0 = LSB valid 1 = MSB Valid

FRM565 [11] TFT: Thisbit selects the format of 16 bpp output video data. 0
0 =5:5:5:1 Format 1 = 5:6:5 Format

INVVCLK [10] STN/TFT: This bit controls the polarity of the VCLK active 0
edge.
0 = The video data is fetched at VCLK falling edge
1 = The video data is fetched at VCLK rising edge

INVVL INE [9] STN/TFT: This bit indicates the VLINE/HSYNC pulse polarity. 0
0 = Normal 1 = Inverted

INVVFRAME [8] STN/TFT: This bit indicates the VFRAME/VSYNC pulse 0
polarity.
0 = Normal 1 = Inverted

INVVD [7] STN/TFT: This bit indicates the VD (video data) pulse 0
polarity.
0 = Normall = VD is inverted.

INVVDEN [6] TFT: This bit indicates the VDEN signal polarity. 0
0 = Normal
1 = Inverted

INVPWREN [5] STN/TFT: This bit indicates the PWREN signal polarity. 0
0 = Normal
1 = Inverted

INVLEND [4] TFT: This bit indicates the LEND signal polarity. 0
0 = Normal
1 = Inverted

PWREN [3] STN/TFT: LCD_PWREN output signal enable/disable. 0
0 = Disable PWREN signal
1 = Enable PWREN signal

ENLEND [2] TFT: LEND output signal enable/disable. 0
0 = Disable LEND signal
1 = Enable LEND signal

BSWP [1] STN/TFT: Byte swap control bit. 0
0 = Swap Disable
1 = Swap Enable

HWSWP [0] STN/TFT: Half-Word swap control bit. 0
0 = Swap Disable
1 = Swap Enable
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LCD &l %4738 5
Register Address R/W Description Reset Value
LCDCONS5 | 0X4D000010 | RIW LCD ¥ %5758 5 0x00000000
LCDCON5 Bit Description Initial state
fRE [31:17] | IXEefy B R, {HA 0, 0
VSTATUS | [16:15] | TFT: MEFAHRS (%), 00
00 = VSYNC 01 = BACK Porch
10 = ACTIVE 11 = FRONT Porch
HSTATUS | [14:13] | TFT: /K TFIREs (i), 00
00 = HSYNC 01 = BACK Porch
10 = ACTIVE 11 = FRONT Porch
BPP24BL [12] | TFT: 3XUU{7 752 o 24bpp Rt A7 B ras =X 0
0 =LSBHX 1 =MSB f%k
FRM565 [11] | TFT: 3XELf7ffisE 16bpp ko i o £ ks =X o 0
0=5:5:5:1# 1 =05:6:5
INVVCLK [10] | STN/TFT: X—fr#ksE VOLK 1A Rk 0
0 = VCLK "~ AT H Eds »
1 = VCLK - FH i B B .
INVVLINE [9] STN/TET: tbA7 $5 B VLINE/HSYNC ik ikt . 0
0 = 1E% 1= ¥
INVVFRAME (8] STN/TFT : M7 8 B VERAME/VSYNC Fik i (I 2k o 0
0= 1E% 1= &
INVVD [7] STN/TET: S 458 VD (REAELCH) ik (AR 2% 0
0= 1F% 1 = VD 4%
INVVDEN [6] TFT : thA7 $5 B VDEN 13 5 HAk k. 0
0=1F% 1=
INVPWREN [5] STN/TFT: Mt A7 458 PWREN 15 5 (AR % 0
0 = IE% 1= VD x#
INVLEND [4] | TFT: kA7 458 LEND 15 5 1fAk 0
0 =1F% 1 = VD 4%
PWREN [3] STN/TFT: LCD PWREN % Hif5 S A REAT 0
0 = PWREN {5 512k
1 = PWREN {5 5%k
ENLEND [2] TFT: LEND %15 51 RENT 0
0 = LEND {55 6%
1 = LEND {5 5%k
BSWP [1] STN/TFT: 4528 g A 0
0 = sk
1 = DAAS
HWSWP [0] STN/TFT: A8 gz AT 0
0 = sk
1 = n] AAZ#
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FRAME BUFFER START ADDRESS 1 REGISTER
Register Address R/W Description Reset Value
LCDSADDR1 | 0X4D000014 | R/W | STN/TFT: Frame buffer start address 1 register. 0x00000000
LCDSADDR1 | Bit Description Initial State
LCDBANK [29:21] | These bits indicate A[30:22] of the bank location for the video buffer | 0x00
in the system memory. LCDBANK value cannot be changed even
when moving the view port. LCD frame buffer should be within
aligned 4MB region, which ensures that LCDBANK value will not be
changed when moving the view port. So, care should be taken to
use the malloc() function.
LCDBASEU | [20:0] | For dual-scan LCD: These bits indicate A[21:1] of the start address | 0x000000
of the upper address counter, which is for the upper frame memory
of dual scan LCD or the frame memory of single scan LCD.
For single-scan LCD: These bits indicate A[21:1] of the start address
of the LCD frame buffer.
MR rPEGHIEF AR 1
Register Address R/W Description Reset Value
LCDSADDR1 | 0X4D000014 | RW | STN/TFT: iz st ah bt 25 77 2% 1 0x00000000
LCDSADDR1 Bit Description Initial State
LCDBANK | [29:21] | iX 467 F8 WILE RGN A7 D RLARZE i X 1) 47 A[30:22]. LCDBANK )1 | 0x00
SEANFT AR, B B WS I 2 — 4 . LCDWIZE o AR IE/EAMB
IIES N, DA ORERS L T 11 I LCDBANKHIE A S . BT
P, fEALH e Eimalloc() I 45 4 /N
LCDBASEU | [20:0] | X XUIHLCD: X ULA7 Hi/m i X sLfE XU LCDIN () Liigg x| 0x000000
T ishE A[21:1]
XPEFARELCD: X LSRR RMIZE ph X (K F Rl A[21:1]
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FRAME Buffer Start Address 2 Register
Register Address R/W Description Reset Value
LCDSADDR2 | 0X4D000018 | R/W STN/TFT: Frame buffer start address 2 register 0x00000000
LCDSADDR?2 | Bit Description Initial State
LCDBASEL [20:0] | For dual-scan LCD: These bits indicate A[21:1] of the start address | 0x0000
of the lower address counter, which is used for the lower frame
memory of dual scan LCD.
For single scan LCD: These bits indicate A[21:1] of the end address
of the LCD frame buffer.
LCDBASEL = ((the fame end address) >>1) + 1
= LCDBASEU +
(PAGEWIDTH+OFFSIZE)x(LINEVAL+1)
R s A 2
Register Address R/W Description Reset Value
LCDSADDR2 | 0X4D000018 | RW | STN/TFT: Wiz bt if il %517 252 0x00000000
LCDSADDR2 | Bit Description Initial State
LCDBASEL | [20:0] | XFFRFHHELCD: X Lef7 57 /A8 AU HILCDI ) R WiAE A% X (1 FF | 0x0000

GhHht A[21:1].
XPTRFFHLCD: XL FR WA X AR A[21:1]
LCDBASEL = ((the fame end address) >>1) + 1
= LCDBASEU +(PAGEWIDTH+OFFSIZE)x(LINEVAL+1)

NOTE: Users can change the LCDBASEU and LCDBASEL values for scrolling while the LCD controller
is turned on. But, users must not change the value of the LCDBASEU and LCDBASEL registers at
the end of FRAME by referring to the LINECNT field in LCDCON1 register, for the LCD FIFO fetches
the next frame data prior to the change in the frame. So, if you change the frame, the pre—fetched
To check the
If any interrupt is executed just after reading

FIFO data will be obsolete and LCD controller will display an incorrect screen
L INECNT,

LINECNT,
the read LINECNT value may be obsolete because of the execution time of Interrupt Service Routine
(1SR).

SEE: Y LOD Pebls ke, A ArE 5 LCDBASEU 1 LCDBASEL (KB SR Bf . {HJE, 75 —Mighn
I}, LCDBASEU A1 LCDBASEL [¥I{H 55 I ARERAE, W22 LCDCONL & 47 &% f¥) LINECNT 4k, [XI24 LCD [ FIFO
SEAEHMTFT IR 1 o T LL, A I AR ST, TR FIFO B8R4 25 7, LCD BRI oo AT % o
Kt LINECNT B, FF5ehtmc A rii. A0, W RS 25 (AT (], 182800 LINECNT (R{F th 45 4
L.

interrupts should be masked.
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FRAME Buffer Start Address 3 Register
Register Address R/W Description Reset Value
LCDSADDR3 | 0X4D00001C | R/W STN/TFT: Virtual screen address set 0x00000000
LCDSADDR3 Bit Description Initial State
OFFSIZE [21:11] | Virtual screen offset size (the number of half words). 00000000000
This value defines the difference between the address of the last
half word displayed on the previous LCD line and the address of
the first half word to be displayed in the new LCD line.
PAGEWIDTH [10:0] | Virtual screen page width (the number of half words). 000000000
This value defines the width of the view port in the frame.
SR M A I B A7 38 3
Register Address R/W Description Reset Value
LCDSADDRS3 | 0X4D00001C | R/W STN/TFT: (g5t Huhil & & 0x00000000
LCDSADDR3 Bit Description Initial State
OFFSIZE [21:11] | Virtual screen offset size (the number of half words). 00000000000
This value defines the difference between the address of the last
half word displayed on the previous LCD line and the address of
the first half word to be displayed in the new LCD line.
PAGEWIDTH | [10:0] | Virtual screen page width (the number of half words). 000000000
This value defines the width of the view port in the frame.

NOTE: The values of PAGEWIDTH and OFFSIZE must be changed when ENVID bit is O.

Example 1.

LCD panel = 320%240,

16gray, single scan

Frame start address = 0x0c500000
Offset dot number = 2048 dots ( 512 half words )

LINEVAL = 240-1 = Oxef

PAGEWIDTH = 320%4/16 = 0x50
OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31

LCDBASEU = 0x100000 >> 1 = 0x80000
LCDBASEL = 0x80000 + ( 0x50 + 0x200 ) * ( Oxef + 1 ) = Oxa2b00

Example 2. LCD panel = 320%240,

16gray, dual scan

Frame start address = 0x0c500000
Offset dot number = 2048 dots ( 512 half words )

LINEVAL = 120-1 = Ox77

PAGEWIDTH = 320%4/16 = 0x50
OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31
LCDBASEU = 0x100000 >> 1 = 0x80000
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LCDBASEL = 0x80000 + ( 0x50 + 0x200 ) * ( Ox77 + 1 ) = 0x91580

Example 3. LCD panel = 320%240, color, single scan

%1 1:

1 2

1 3

Frame start address = 0x0c500000
Offset dot number = 1024 dots ( 512 half words )

LINEVAL = 240-1 = Oxef

PAGEWIDTH = 320%8/16 = Oxa0

OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31

LCDBASEU = 0x100000 >> 1 = 0x80000

LCDBASEL = 0x80000 + ( Oxa0 + 0x200 ) * ( Oxef + 1 ) = Oxa7600

LCD Bt = 320%240, 16 ZZ/KEE, HA4AH,
Mt aG ik = 0x0¢500000

ks Sk = 2048 5 (512 T )

LINEVAL = 240-1 = Oxef

PAGEWIDTH = 320%4/16 = 0x50

OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31

LCDBASEU = 0x100000 >> 1 = 0x80000

LCDBASEL = 0x80000 + ( 0x50 + 0x200 ) * ( Oxef + 1 ) = 0xa2b00

LCD 5t = 320%240, 16 Z4MKEE, AFHE
Myt aG k= 0x0¢500000
mEs M= 2048 20 (512 g )

LINEVAL = 120-1 = 0x77
PAGEWIDTH = 320%4/16 = 0x50

OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31

LCDBASEU = 0x100000 >> 1 = 0x80000

LCDBASEL = 0x80000 + ( 0x50 + 0x200 ) * ( 0x77 + 1 ) = 0x91580

LCD 5 = 320%240, €0, HFIH
Mt aG i = 0x0¢500000
A% S % = 2048 & ( 512 )

LINEVAL = 240-1 = Oxef

PAGEWIDTH = 320%8/16 = 0xal

OFFSIZE = 512 = 0x200

LCDBANK = 0x0c500000 >> 22 = 0x31

LCDBASEU = 0x100000 >> 1 = 0x80000

LCDBASEL = 0x80000 + ( 0xa0 + 0x200 ) * ( Oxef + 1 ) = 0xa7600
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RED Lookup Table Register
Register Address R/W Description Reset Value
REDLUT 0X4D000020 | R/W STN: Red lookup table register 0x00000000
REDLUT Bit Description Initial State
REDVAL [31:0] | These bits define which of the 16 shades will be chosen by each of | 0x00000000
the 8 possible red combinations.
000 = REDVAL[3:0], 001 = REDVAL[7:4]
010 = REDVAL[11:8], 011 = REDVAL[15:12]
100 = REDVAL[19:16], 101 = REDVAL[23:20]
110 = REDVAL[27:24], 111 = REDVAL[31:28]
TEEREFES
Register Address R/W Description Reset Value
REDLUT 0X4D000020 | RW | STN: ZI ek ® A /ras 0x00000000
REDLUT Bit Description Initial State
REDVAL [31:0] | X4y X T IEF L6 (O P B8 Fh 4T (il 5 o 0x00000000

000 = REDVAL[3:0],
010 = REDVAL[11:8],
100 = REDVAL[19:16],
110 = REDVAL[27:24],

001 = REDVAL[7:4]
011 = REDVAL[15:12]
101 = REDVAL[23:20]
111 = REDVAL[31:28]
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GREEN Lookup Table Register
Register Address R/W Description Reset Value
GREENLUT | 0X4D000024 | R/W STN: Green lookup table register 0x00000000
GREENLUT Bit Description Initial State
GREENVAL [31:0] | These bits define which of the 16 shades will be chosen by each of | 0x00000000
the 8 possible green combinations.
000 = GREENVAL[3:0], 001 = GREENVAL[7:4]
010 = GREENVALJ11:8], 011 = GREENVAL[15:12]
100 = GREENVAL[19:16], 101 = GREENVAL[23:20]
110 = GREENVAL[27:24], 111 = GREENVAL[31:28]
SOBARREESH
Register Address R/W Description Reset Value
GREENLUT | 0X4D000020 | R/W | STN: £t(h kR 247 9% 0x00000000
GREENLUT Bit Description Initial State
GREENVAL | [31:0] | iX£ef7sE X Tk FE 1680 (052 2 rp MR8 Fh &k (1 2 75 . 0x00000000

000 = GREENVAL[3:0], 001 = GREENVAL[7:4]

010 = GREENVAL[11:8], 011 = GREENVAL[15:12]
100 = GREENVAL[19:16], 101 = GREENVAL[23:20]
110 = GREENVAL[27:24], 111 = GREENVAL[31:28]
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BLUE Lookup Table Register
Register Address R/W Description Reset Value
BLUELUT | 0X4D000028 | R/W | STN: Blue lookup table register 0x0000
BULELUT Bit Description Initial State
BLUEVAL [15:0] | These bits define which of the 16 shades will be chosen by each of 0x0000
the 4 possible blue combinations.
00 = BLUEVALJ[3:0], 01 = BLUEVAL[7:4]
10 = BLUEVAL[11:8], 11 = BLUEVAL[15:12]
BOERREFS
Register Address R/W Description Reset Value
BLUELUT | 0X4D000028 | RMW | STN: 5 {5 A k7 2 fr a8 0x0000
BULELUT Bit Description Initial State
BLUEVAL [15:0] | XUefy o ST IR L6M (0 M 8 P i (A o 0x0000

00 = BLUEVAL[3:0], 01 = BLUEVAL[7:4]
10 = BLUEVAL[11:8],

11 = BLUEVAL[15:12]

NOTE: Address from 0x14A0002C to 0x14A00048 should not be used. This area is reserved for Test

mode.

YR Al M 0x14A0002C £ 0x14A00048 [yl 4% (] o 3 AN X Jak 2 Ay st =X 4 B 1)
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Dithering Mode Register
Register Address R/W Description Reset Value
DITHMODE | 0X4D00004C | R/W | STN: Dithering mode register. 0x00000
This register reset value is 0x00000 But, user can
change this value to 0x12210.
(Refer to a sample program source for the latest
value of this register.)
DITHMODE BIT Description Reset Value
DITHMODE [18:0] | Use one of following value for your LCD: 0x00000
0x00000 or 0x12210
P T
Register Address R/W Description Reset Value
DITHMODE | 0X4D00004C | R/W | STN: #lzh#iX %517 0x00000
BEPF A7 2% = A7 0x00000. AN I 7 ml ks e AR 15 ok
0x12210.
CF T UL FAF A R ZAE R B RE T . )
DITHMODE BIT Description Reset Value
DITHMODE [18:0] | HRHEVRIILCDSE, A8 R4 F ig— M 0x00000
0x00000:%0x12210
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Temp Palette Register
Register Address R/W Description Reset Value
TPAL 0X4D000050 | R/W | TFT: Temporary palette register. 0x00000000
This register value will be video data at next frame.
TPAL Bit Description Reset Value
TPALEN [24] Temporary palette register enable bit. 0
0 = Disable 1 = Enable
TPALVAL [23:0] | Temporary palette value register. 0x000000
TPALVAL[23:16] : RED
TPALVALJ[15:8] : GREEN
TPALVALJ[7:0] : BLUE
I B 3R AR B A7 A
Register Address R/W Description Reset Value
TPAL 0X4D000050 | RW | TFT: Il il (b 25 47 4% « 0x00000000
BB 3 A7 a EA T — Wil AR .
TPAL Bit Description Reset Value
TPALEN [24] | IR AR AT A A AT R 0
0= k% 1= {5
TPALVAL [23:0] | s i CLRR AR 25 75 - 0x000000

TPALVAL[23:16] : RED
TPALVAL[15:8] : GREEN
TPALVAL[7:0] : BLUE
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LCD Interrupt Pending Register

Register Address R/W Description Reset Value
LCDINTPND | 0X4D000054 | R/W | Indicate the LCD interrupt pending register 0x0
LCDINTPND Bit Description Reset Value
INT_FrSyn [1] LCD frame synchronized interrupt pending bit. 0
0 = The interrupt has not been requested.
1 = The frame has asserted the interrupt request.
INT_FiCnt [0] LCD FIFO interrupt pending bit. 0
0 = The interrupt has not been requested.
1 LCD FIFO interrupt is requested when LCD FIFO
reaches trigger level.
LCDh WA & 7 2%
Register Address R/W Description Reset Value
LCDINTPND | 0X4D000054 | R/W | $5/~LCD i k4 0x0
LCDINTPND Bit Description Reset Value
INT_FrSyn [1] LCDI [7] 22 Hr r i sk Az 0
0= JTrPWriEK.
1= M A PTG K.
INT_FiCnt [0] LCD FIFOH Wi sK A 0
0= JrPWriEK.
1= 4 LCD FIFO ik #IIfh Az /K- H P s 5K o
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LCD Source Pending Register
Register Address R/W Description Reset Value
LCDSRCPND | 0X4D000058 | R/W | Indicate the LCD interrupt source pending register 0x0
LCDSRCPND Bit Description Reset Value
INT_FrSyn [1] LCD frame synchronized interrupt source pending bit. 0
0 = The interrupt has not been requested.
1 = The frame has asserted the interrupt request.
INT_FiCnt [0] LCD FIFO interrupt source pending bit. 0

0 = The interrupt has not been requested.
1 = LCD FIFO interrupt is requested when LCD FIFO
reaches trigger level.
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LCD Interrupt Mask Register
Register Address R/W Description Reset Value
LCDINTMSK | 0X4D00005C | R/W | Determine which interrupt source is masked. 0x3
The masked interrupt source will not be serviced.
LCDINTMSK Bit Description Reset Value
FIWSEL [2] Determine the trigger level of LCD FIFO.
0 = 4 words 1 = 8 words
INT_FrSyn [1] Mask LCD frame synchronized interrupt. 1
0 = The interrupt service is available.
1 = The interrupt service is masked.
INT_FiCnt [0] Mask LCD FIFO interrupt. 1
0 = The interrupt service is available.
1 = The interrupt service is masked.
LCD Wi 5 W 37 77 o
Register Address R/W Description Reset Value
LCDINTMSK | 0X4D00005C | RMW | s MIs—AN e iy 0t Bt i o 0x3
A W WTSORE AN S B Y
LCDINTMSK Bit Description Reset Value
FIWSEL [2] YLELCD FIFO i % 7K o
0 =4 words 1 = 8 words
INT_FrSyn [1] Dt i LC DMt [] 25 1 7 1
0= k45T H.
1= MRS B B i
INT_FiCnt [0] B iLCD FIFO T, 1
0= ks H.
1= WIS 4 5 i -
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LPC3600 Control Register
Register Address R/W Description Reset Value
LPCSEL 0X4D000060 | R/W | This register controls the LPC3600 modes. 0x4
LPCSEL Bit Description Reset Value
RES_SEL [1] 1 =240x320 0
LPC_EN [0] Determine LPC3600 Enable/Disable. 0
0 = LPC3600 Disable
1 = LPC3600 Enable
LPC3600§% % 5%
Register Address R/W Description Reset Value
LPCSEL 0X4D000060 | RW | M A4 HILPC3600 K . Ox4
LPCSEL Bit Description Reset Value
RES_SEL [1] 1 =240x320 0
LPC_EN [0] LPC36001# AEf » 0

0 = LPC3600 Disable
1 = LPC3600 Enable
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Register Setting Guide (STN)

The LCD controller supports multiple screen sizes by special register setting.

The CLKVAL value determines the frequency of VCLK. This value has to be determined such that
the VCLK value is greater than data transmission rate. The data transmission rate for the VD

port of the LCD controller is used to determine the value of CLKVAL register.

The data transmission rate is given by the following equation:

Data transmission rate = HSXVS XFR XMV

HS: Horizontal LCD size
VS: Vertical LCD size
FR: Frame rate

MV : Mode dependent value

Table 15-6. MV Value for Each Display Mode

Color, 8-bit single scan display or 4-bit dual scan display

Mode MV Value

Mono, 4-bit single scan display 1/4
Mono, 8-bit single scan display or 4-bit dual scan display 1/8
4 level gray, 4-bit single scan display 1/4
4 level gray, 8-bit single scan display or 4-bit dual scan display 1/8
16 level gray, 4-bit single scan display 1/4
16 level gray, 8-bit single scan display or 4-bit dual scan display 1/8
Color, 4-bit single scan display 3/4

3/8

FARRERNS (STN)
TG 2 AE 28 I s, LCD #5188 i) S FRF 2 B RSFIF) LCD B

VCLK [A#5% 1 CLKVAL A ¥« CLKVAL FOHUE N IXAEpR e 2048 VCLK FRME R T Eul AL fnd % .

LCD il VD iy I (R B A& s 2 v e 5 CLKVAL A7 A7 w4 H1H
B AL R i DL R IR H
BHRALHIE R = HSXVSXFRXMV —, Hrp
HS: LCD B IFZKF R
VS: LCD B (1 H R~
FR: i

MV R

Table 15-6. & EER TFTMVEE

L5 MV{E
B, AN BRI R 1/4
P, A R EANT DU R 1/8
AGOKSE, AN PR BoR 1/4
AZKIE,  SAL A B4R I i 7 1/8
16K, AN H AR o 1/4
162 2 J8 837 FRL 41 AR XA 41 /s 1/8
B, AN RN 3/4
T, SO HL IR AL A R 3/8

49




LCD Controller /13T S3C2410

The LCDBASEU register value is the first address value of the frame buffer. The lowest 4 bits
must be eliminated for burst 4 word access. The LCDBASEL register value depends on LCD size and
LCDBASEU. The LCDBASEL value is given by the following equation:

LCDBASEL = LCDBASEU + LCDBASEL offset

ZF A7 4% LCDBASEU FOE Mg IX 1) i bk . The lowest 4 bits must be eliminated for burst 4 word
access. iA77% LCDBASEL [¥I{E K61 LCD U~} A1 LCDBASEU [R{H IMi A i » LCDBASEL [HIE FH LA R 5 F24h th -
LCDBASEL = LCDBASEU + LCDBASEL fi#% &

Example 1:
160 x 160, 4-level gray, 80 frame/sec, 4-bit single scan display, HCLK frequency is 60 MHz WLH
=1, WDLY = 1.

Data transmission rate = 160X 160X 80X 1/4 = 512 kHz
CLKVAL = 58, VCLK = 517 kHz
HOZVAL = 39, LINEVAL = 159

LINEBLANK =10
LCDBASEL = LCDBASEU + 3200
NOTE: The higher the system load is, the lower the cpu performance is.

Example 2 (Virtual Screen Register):
4 —level gray, Virtual screen size = 1024X 1024, LCD size = 320X 240, LCDBASEU = 0x64, 4-bit

dual scan.

1 halfword = 8 pixels (4-level gray),

Virtual screen 1 line = 128 halfword = 1024 pixels
LCD 1 line = 320 pixels = 40 halfword

OFFSIZE = 128 — 40 = 88 = 0x58,

PAGEWIDTH = 40 = 0x28

LCDBASEL = LCDBASEU + (PAGEWIDTH + OFFSIZE) X (LINEVAL +1) = 100 + (40 + 88) X120 = Ox 3C64
i 1:

160 x 160, 4 Z0KSE, 80 Wi/ b, 4 £ P44 w s HCLK 4k 60 MHz WLH = 1, WDLY = 1.
HARAEHEZ = 160X 160 X80 X1/4 = 512 kHz

CLKVAL = 58, VCLK = 517 kHz

HOZVAL = 39, LINEVAL = 159

LINEBLANK =10

LCDBASEL = LCDBASEU + 3200

W RGIHBE, CPU R,
Bl 2: (BRUSF &F77 798 )

4 IKEE, PR S= 1024X 1024, LCD R~J= 320 X240, LCDBASEU = 0x64, 4 f7 XFH

1% =8 MER WHKD),

REPLGER 14T = 128 f¢ = 1024 MR,

LCD BRI 14T = 320 MEE = 40 M1F,

OFFSIZE = 128 — 40 = 88 = 0x58,

PAGEWIDTH = 40 = 0x28

LCDBASEL = LCDBASEU + (PAGEWIDTH + OFFSIZE) X (LINEVAL +1) = 100 + (40 + 88) X120 = 0x 3C64
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Gray Level Selection Guide

The S3C2410X LCD controller can generate 16 gray level using Frame Rate Control (FRC). The FRC
characteristics may cause unexpected patterns in gray level. These unwanted erroneous patterns
may be shown in fast response LCD or at lower frame rates

Because the quality of LCD gray levels depends on LCD' s own characteristics, the user has to
select an appropriate gray level after viewing all gray levels on user’s own LCD.

Select the gray level quality through the following procedures:

Get the latest dithering pattern register value from SAMSUNG.

Display 16 gray bar in LCD

Change the frame rate into an optimal value

Change the VM alternating period to get the best quality.

As viewing 16 gray bars, select a good gray level, which is displayed well on your LCD
Use only the good gray levels for quality.

IR BEIEFE R
F s (FRC) S3C2410XLCD 55l #e n] 7745 16 20K BE . WiUiass il A As A8 ] S 85U AR B i K
PSR, X SOORA AT A R SR IR D i Y 1) LCD b B PO R i S5 B 7] g 2 s ok
ARy LCD K B 7 (P A 1 LCD AR S (1RRe i, PRI 58 W8 LCD Ty AR BE7KT, ARG A I
18 B AR BEK o
GIBLISURY SIS Sre /- F) 51
M SAMSUNG 3 Hi 558t I} sl A X 2 A7 28
78 LCD b iWoR 16 HIKFE 4%
CEBUBIE XN
S VMRS R DAR A e A T
WMEL5E 16 WKJE S G, nTEHAERIY LCD 1IE % WK o
S R AF K S

© ok =

S

LCD Refresh Bus Bandwidth Calculation Guide

The S3C2410X LCD controller can support various LCD display sizes. To select a suitable size
(for the flicker free LCD system application), the user have to consider the LCD refresh bus
bandwidth determined by the LCD display size, bit per pixel (bpp), frame rate, memory bus width
memory type, and so on.

LCD Data Rate (Byte/s)=bppx (Horizontal display size)x(Vertical display size)x (Frame rate) /8
LCD DMA Burst Count (Times/s)=LCD Data Rate (Byte/s) /16 (Byte) ;LCD DMA using 4words (16Byte) burst

Pdma means LCD DMA access period. In other words, the value of Pdma indicates the period of
four—beat burst (4-words burst) for video data fetch. So, Pdma depends on memory type and memory
setting.

Eventually, LCD System Load is determined by LCD DMA Burst Count and Pdma.
LCD System Load = LCD DMA Burst Count x Pdma

LCD HRlFr B it & m S
S3C2410X LCD I 4% n] S04 %Al & R LCD R~

Example 3:

640X 480, 8bpp, 60 frame/sec, 16-bit data bus width, SDRAM (Trp=2HCLK / Trcd=2HCLK / CL=2HCLK)
and
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HCLK frequency is 60 MHz

LCD Data Rate = 8 X640X480 60 / 8 = 18. 432Mbyte/s
LCD DMA Burst Count = 18.432 / 16 = 1.152M/s

Pdma = (Trp+Trcd+CL+ (X 4)+1X (1/60 MHz) = 0. 250ms

LCD System Load = 1.152X250 = 0. 288

System Bus Occupation Rate = (0.288/1) X100 = 28. 8%
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Register Setting Guide (TFT LCD)
The CLKVAL register value determines the frequency of VCLK and frame rate.

Frame Rate = 1/ [ { (VSPW+1) + (VBPD+1) + (LIINEVAL + 1) + (VFPD+1) } X {(HSPW+1) + (HBPD +1)
+ (HFPD+1) + (HOZVAL + 1) }X{ 2X ( CLKVAL+1 ) / ( HOLK ) } ]

For applications, the system timing must be considered to avoid under—run condition of the fifo

of the lcd controller caused by memory bandwidth contention

TR E M F (TFT LCD)
VCLK A4 2 Ayt At h 2 A7 % CLKVAL HE RE
Mg = 1/ [ { (VSPW+1) + (VBPD+1) + (LIINEVAL + 1) + (VFPD+1) } X {(HSPW+1) + (HBPD +1)
+ (HFPD+1) + (HOZVAL + 1) } X { 2X ( CLKVAL+1 ) / ( HCLK ) } ]
SERRR A, T AR SE R, AR RGN T, DAk FIFO B 23 (1R 50 H I

Example 4:

TFT Resolution: 240 240,

VSPW = 2, VBPD = 14, LINEVAL = 239, VFPD = 4
HSPW = 25, HBPD = 15, HOZVAL = 239, HFPD = 1

CLKVAL = 5

HCLK = 60M (Hz)

The parameters below must be referenced by LCD size and driver specifications:
VSPW, VBPD, LINEVAL, VFPD, HSPW, HBPD, HOZVAL, and HFPD

If target frame rate is 60 - 70Hz, then CLKVAL should be 5.

So, Frame Rate = 67Hz

i 4.
TFT BErE%: 240240
VSPW = 2, VBPD = 14, LINEVAL = 239, VFPD = 4

HSPW = 25, HBPD = 15, HOZVAL = 239, HFPD = 1
CLKVAL = 5

HCLK = 60M (Hz)

FHIIZ R LCD RST FIIR B 83 ARG S5 0T

VSPW. VBPD. LINEVAL. VFPD. HSPW. HBPD. HOZVAL I HFPD

WU H KRR 60 2 70Hz, W) CLKVAL [RIMEL N K 5, Bt LA 67Hz .

Known Problems

Problem : In a MDS, such as Multi—ICE, some of the LCD controller registers may be displayed
incorrectly in the memory view window of the ARM debugger.

Solution : The LCD controller register will be displayed correctly unless the memory view window
is used. Instead, use 'pr’ command in the debugger console window.

Ik A (whut) T 2007 4E 3 HEPE
AEER, R Ab, AEieh .
Email: zhjiel983@163. com
QQ: 7367427
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