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1. General Description

The WT8871-C/WT8871-E is a highly integrated video display controller for small size LCD display
application, such as portable DVD player and car TV application. It has built-in video decoder, scaler,
de-interlacer, TCON, 8-bit MCU, OSD, PWM and DC-to-DC converter functions. WT8871-C 8871-E
has triple DAC and VCOM output for analog LCD panel application.

1.1. Features
e Video input port

- 6 analog inputs <>
- Support CVBS and S-video input

- Support RGB input for GPS module and component input

Digital input: 8-bit 4:2:2 ITU-BT.656 or BT.601 interface

- Support 720x480i and 720x516i input resolution

LCD panel interface

- Triple 8-bit DACs output RGB signals for analog panel
- Programmable timing controller for different type of panels
- Programmable gamma table for panel compensation

2D video decoder
- 10-bit ADC
- Supports CVBS, S-video and RGB input

- Chroma Transient Improye
- Luma Transient Improye

Display format conver
- Programmable horiz

: 512 single color fonts
splay RAM : display up to 512 characters
Jser-font RAM : up to 142 single color fonts
Support 2-bit multi-color font
Shadow and border effect of character
- Two display windows
- Programmable background window
- Support alpha blending
- Support blinking effect
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- Support fade in/out effect

e Support external OSD interface

e MCU
- Built-in 8051 CPU
- Data memory: 384 bytes RAM
- Support external program memory with serial flash memory via 4-wire interface
- Internal MCU can be disable by pin mode0 and mode1

¢ 8-bit ADC for keypad scanning and others
« Two slave mode I°C interfaces, up to 400KHz
- Interface for ISP, ICE and other I°C master <>
e Standard UART port support.
¢ Support Infra-Red remote control
e Four PWM outputs including one low frequency PWM
¢ Built-in self test pattern generator
e Two DC-DC boost circuits for VGH and VGL
e General purpose 1/Os
e Spread spectrum PLL for panel clock, lower EMI

e Crystal oscillator
- 24MHz

¢ Package type:
- 128-pin LQFP, 14mm(L)
- Green package availa

1.2. Application
e Portable DVD Player

e Car information, &

1.3.Selecti

NT%@l-C/(Q/ ~70 ) Commercial Use

/V\('%SLPE/(-ZO ~80 ) Extending temp. range
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1.4. Block Diagram

_ Analog Front End
: | __________VideoDecoder ___________________
— 4 :
Anal — 1 1 1
Viréigg — c Vo LPF YC Separation Chroma Post '
Input ! AD 1% AGC [ | 2D Comb Filter [ | Demodulation[ | Processing |!
g 1t | 7
[ 1 1 1
1 e
! 1
cvBS ' PLL |
output L 1
Input Scaler/ Contrast/Sharpness/ Color
Processor [ *| De-interlace [ Brightness/ *>| _ Space
BT.656 — Hue/Saturation Conversion
Xtal Osc MCU Gain/ | oM Gamma Output || DAC M> RGB
1 Offset LV Dither Formatter
SS PLL l’c
A 4
DC-DC GPIO » CPH1~3
TCON
OSD » TCON
KP ADC PWM : L \VCOM
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1.5. Application Example

r Y
(: :) c )
— RGB
Analog @ﬂ, TCON
video < " >AIN[5:0]
Input 00— VCOM
O—G>
s |)  WT8871-C/
. @ > WT8871-E
Digital Video Input —21:856__) vD[7:0]
PWM
R (J—— AR
oooe®@ }‘ KPADC
Keypad FDO FDI FCLK FCSB

A

v v Ar\

Serial Flash MU
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2. Package Type and Pin Description

2.1. Pin Configuration

LQFP 128-pin (body size : 14mm x 14mm x 1.4mm)
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2.2 Pin Description

WT8871-C/| Pad Name 1/0 | Pull up/down Description
WT8871-E
1 VDDP 3.3V Power. A
2 RESETB [ pull-up | Reset pin. Active low. N\
3 MODEO | pull-down | Operating mode selection.
4 MODE1 | pull-down |00 : Internal MCU mode using external flash
01 : Reserved
10 : External MCU mode
11 : Reserved
5 VDHS/OSDHS 110 pull-down |BT.601 Hsync I/O or Hsync outp@ exterUOS
with GPIO.
6 VDVS/OSDVS | 110 pull-down |BT.601 Vsync I/O or Vsync W%\e{mal teswcj
with GPIO.
7 VDCK/OSDCK | 1/0 pull-down |BT.656/601 clock /O or clocl@u\ﬁxgor é\e al'9SP Shared
with GPIO.
8 VD[OJJOSDBIN | /0 | pull-down |BT.656 /601video damteﬁgl\{%b\wé input. Shared
with GPIO. N\
9 VD[1J/OSDGIN | /O | pull-down |BT.656/601 vide?dtf /0 or\gmalbsé green input.
Shared with GPI
10 VDI[2)/OSDRIN 1/0 pull-down |BT.656/601 video data NO or exté(pfal OSD red input. Shared
with GPIQ?
11 VD[3J/OSDINT | 11O | pull-down BT.652@31 }/Z%gz‘ata external OSD intensity input.
(\ Sharef With A
12 VDI[4)/OSDFB 1/0 pull-down m g\ eg}aya 1/0 or external OSD fast blanking input.
AS wit /
13 |vD[5] /0 | pull-doyfi +BT.656/6Q1 m ata 1/0. Shared with GPIO.
14 VD[6] 110 A\ pull-dgwhp | BT§58(601 video data I/O. Shared with GPIO.
15 |VD[7] YO\ pull-dpwh | BT.6%6/6Q1 video data I/0. Shared with GPIO.
16 ICE_SDA (g | < pull-dp \ | I°C dathpin.
17 ICE_SCL \I/ Npucup\_ e gJdck pin.
18 [vss ) N\ TGmund.
19  |vDDC VN N\ [2.5V Power.
20 PWMI[3] R\ \pull-uV PWM output or 8051 P1[3]. Shared with GPIO.
21 PWM21 // NIQ [\ pul-up  |PWM output or 8051 P1[2]. Shared with GPIO.
22 PWMN [ WO\ | '¥dll-up  |PWM output. Shared with GPIO.
23 PWM[O[\ \ I/?)\ pull-up PWM output or low frequency PWM output. Shared with GPIO.
24 PWM\ N 3.3V or 5V Power.
25 SV\U \ 0 DC-to-DC switching pulse.
26 [ [|D2D_S¢1\ /0 DC-to-DC soft start pin. Shared with GPIO.
™27 | \[D2D_FB1 | /0 DC-to-DC feedback pin. Shared with GPIO.
~/ 28 \ \vD5_DZD/ 3.3 or 5V Power for DC-to-DC.
29 V§S:l§}é Ground for DC-to-DC.
36\ |D2B~FB2 /0 DC-to-DC feedback pin. Shared with GPIO.
31\ l D2D_S8S2 I/0 DC-to-DC soft start pin. Shared with GPIO.
32/ | |D2D_sw2 0 DC-to-DC switching pulse.
/XS/ VSSP Ground.
34 | TCON[O] /0 pull-down | TCON output. Shared with GPIO.
35 TCONI1] I/0 pull-down | TCON output. Shared with GPIO.
36 TCONI2] I/0 pull-down | TCON output. Shared with GPIO.
37 TCON[3] I/0 pull-down | TCON output. Shared with GPIO.
38 TCON[4] /0 pull-down | TCON output. Shared with GPIO.
39 TCONI5] I/0 pull-down | TCON output. Shared with GPIO.
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40 TCONI6] I/0 pull-down | TCON output. Shared with GPIO.
41 VDDP 3.3V power for PAD
42 [TCON[7] /O | pull-down |TCON output. Shared with GPIO.
43 TCONI8] I/0 pull-down | TCON output. Shared with GPIO.
44 TCONI9] I/0 pull-down | TCON output. Shared with GPIO. A
45 TCON[10] /0 pull-down | TCON output. Shared with GPIO. O\
46 TCON[11] 110 pull-down | TCON output or panel data enable. Shared with GPIO\ \
47 CPH3 I/0 pull-down | TCON clock 1 or panel hsync. Shared with GPIO. \ \
48 CPH2 110 pull-down | TCON clock 2 or panel vsync. Shared with GPIQ<7\ \
49 CPHA1 110 pull-down | TCON clock 3 or panel clock. Shared with GF}{f)/\ \ \
50 |vssP Ground. N [ A\
51 VDD25 2.5V Power. NV /YN
52 |AVD25_SSPLL 2.5V Power. A <\ [ Y
53 |AVSS_SSPLL Ground. O\ W\ L\
54 |SSPLL_VCO1 Loop filter 1 of spectrum PLL,) < N\ \ —
55 SSPLL_VCO2 Loop filter 2 of spectrum PLL.Y \_ \  \ \
56 |AVSS_VOCM Ground. N\ LV
57 |vcom AO vcoMoutput. £/ N\ )
58  |AVD5_DAC 5V power. N NN
59  |ARO AO Analog Red signal'quthut O
60 |AVSS_DAC Ground fopBAS.  \ \ Vv
61 AGO AO Analogﬁ:(;ee‘h‘Qut}gjt \ \
62 |AVD5_DAC 5V poyef for PAZ” 4\
63  |ABO AO \Mnalog Qugy” | |
64 |AVSS_DAC Gound, & /)
65 |VSS L/ 1Grodpd.\_ /
66 |VDDC ) [ [ 2.5\ Pgwer
67  |vDDP AN [ 1 [3.3V\Poder.
68 GPIO_PD[8] | (g | pN-down\ |GPIG.N
69 |GPIO_PD[] | \IS&] dulPdowq YeriO/
70 GPIO_PD[10] | DO | pulddwn T6PTO.
71 GPIO_PD[11] | WO\ |\ pull-dowr |GPIO.
72 GPIO_PD[12\I/0 \ lull-dow’ | GPIO.
73 |GPIO_PD[f3F R~ O [ \pul-down |GPIO.
74 GPIO_PR[14] | WO\ | pwfdown [GPIO.
75 GPIO_PQ[1¥%] I/& "\ pull-down |GPIO.
76 | yD25 XTN \ v 2.5V Power.
77 /,XJFAL\Z\ \ ) Crystal oscillator output.
78 / XTAL?\ \ \ I Crystal oscillator input.

~.79 [ {[vss ] Ground

~/ 80 \ \vpooC / / 2.5V Power.
81 veop”’ / 3.3V Power.
82\ “PD[16] | /O | pull-down [GPIO.
83| | |GPIO_PD[17] /0 pull-down | GPIO.
84/ | |GPIO_PD[18] 110 pull-down | GPIO.
86/ |GPIO_PD[19] /0 pull-down |GPIO.
86 |GPIO_PD[20] | /O | pull-down |[GPIO.
87 GPIO_PD[21] | /0 | pull-down [GPIO.
88 GPIO_PD[22] | /0 | pull-down [GPIO.
89 GPIO_PD[23] | /0 | pull-down [GPIO.
90  |AVSS_KP Ground.
9 AVDD_KP 3.3V power.
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92 KPADCI[3)/TXD | 1/O pull-up Keypad ADC input or UART TXD. Shared with GPIO.
93 KPADCI[2)/RXD| 1/O pull-up Keypad ADC input or UART RXD. Shared with GPIO.
94 KPADCI1] /0 pull-up | Keypad ADC input or 8051 P1[0]. Shared with GPIO.
95 KPADCIO] 1/0 pull-up Keypad ADC input or 8051 P1[0]. Shared with GPIO.
96 VSS Ground. A
97 |vDDP 3.3V Power. O\
98 FCLK /0 pull-up | Connects to serial flash clock. N\
99 FDI 1/0 pull-up Connects to serial flash data output. \ \
100 FDO 1/0 pull-up Connects to serial flash data input. T\ \
101 FCSB I/0 pull-up Connects to serial flash chip select. //\ \ \
102 [INTB /0 pull-up | Interrupt input. N [ A\
103 |IR o) pull-up | IR input. Shared with GPIO. NV /YN
104  |VvSS Ground A <\ [ Y
105 |vDDC 2.5V Power. O\ W\ L\
106 AVSS_PLL Analog power for analog front/¥nd<E’LL, \ \ ~—
107 AVD25_PLL Analog power for analog front\én\{ |31\L, \ \
108  |PLL27M_LF Loop filter for 27TMHz PN\ \ . V
109 |AVD25_27M 2.5V power.. [/ N\ )
110 |AVSS_27M Ground. N NN
111 |AVSS_CVBS Ground. NN O
112 |AVD25_CVBS 2.5V power—~_ \_\ Vv
113 | cvBsSI Al CVBS bfferingut  \_\
114 | CVBSBO AO CVBS/byffer oftpdt
115 |NC \_Wo cobnec’ | |
116 SOGI S\QG ihput(f)omp}zfsde sync input.
117 |CVvBSMO AO /~_1QuBS muy Outply”
118 |AVSS_AFE / [ [ |Grouny,
119 |AVDD_AFE AN [ | [2.5V\power.
120 | AIN[O] (A |\ \\ |analggideo input.
121 [AIN[1] \ALAD N\ \ enafod video input.
122 |AIN[2] Al N\ fermalog video input.
123 |AIN[3] 220N N\ |analog video input.
124 |AIN[4] ™A X\ \/ |analog video input.
125 AIN[5] //‘\ )\[ \ \ analog video input.
126 |Aavss Bd/ [ N\ \| V Ground.
127 |AVDD_RG \ N\ 2.5V power.
128 AVREF \ \ AOM Reference voltage of analog front end.
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3. Function Description

3.1. MCU

MCU controls the chip and execute program stored in external flash memory. ICE and ISP _fanstions
be activated through I°C interface (pin 16 and 17)

3.2. Video Decoder

eliminated.

3.2.1. Video Input Crossbar

analog input signals for application flexibility.
assigned as CVBS input, S-video or can bea

3.2.2. CVBS output
It outputs CVBS signal t

3.2.3. SOG Input

Composite sync (
in video decoder w4

omb filter in the horizontal direction. The full adaptive comb (2D adaptive comb)
e the two shortages

pount of gain (> 0 dB), reflects in time domain it improves the edge transient performance.
Chroma peaking sometimes is called “Chroma Transient Improvement (CTI)” by some TV
manufacturers, it enhances chroma transient performance.

The register “chroma_peak_en”, can enable the chroma edge enhancement circuit. If the register bit
“chroma_coring_en” is set which will enable the “coring circuit” to function, “coring circuit” set certain

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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-13 -



WT8871-C/WT8871-E

Video Display Controller for Analog
Small Size LCD Display System

: L L.II tl.lL. !I EI

threshold level (1 LSB or higher), if peaked chroma signal is below that threshold, the output is stretched
to zero. “Coring” function basically does some noise reduction for the unwanted high frequency part
which was introduced during “Chroma Peaking” phase.

The register, chroma_peak value determines the peak gain for this circuit, the larger the value, the
sharper the chroma edge.

3.2.6. Luma peaking

Luma Peaking is sometimes called “Luma Transient Improvement (LTI)",
enhancement” in some technical textbook. Luma peaking is set by the “pegk\gain” 2
registers. The method is to enlarge the high frequency part of the Y signal, thug’the sh
details can be enhanced.

3.2.7. Luma enhancement

X _fange registers.
The method is to enlarge the high frequency part of the Y signal . data domain.

The Luma edge enhancement is set by the edge_enhance_gai

3.2.8. Auto Mode Detection

WT8871-C/WT8871-E can detect and sef all the Ae different TV standard such as
NTSC-M/Japan, NTSC-443, PAL-B/D/G/HA, R ( M 80 angd SECAM. This mechanism could be

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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3.3. Input Processor

Input processor contains ITU-BT.656 interface, input timing/resolution detection, active video region
detection, reference timing generation and auto white balance functions.

A\
F ideo decod
rom video decoder | input | R
From VDI[7:0] pins —yp Latch BT.656
’ Decoder

Bit Order o

Reverse v
From VDHS,VDVS pins /E

Resolution Ref. Timing —»
AWB Detect Generator

3.3.1. ITU-BT.656 Interface
Standard 8-bit BT.656 or BT.601 signalA8\input sync and Vsync are decoded
from EVA and SAV code or from input pins.
<> ( \ BT.601 H Signal

| FF | 00 | 00 |EAV| s\o/| 10 |W 80 | 10 | FF | 00 | 00 |SAV|CBO| YO |CRO| Y1 |CB2| Y2 r

erates Hsync, Vsync, DE and field signals for video processing. In free running mode, it

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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from VDHS pin |

o

A\ 4

Hsync from BT656 — —» Hsync_ref

=N

tg_hs_sel Reference Timing » Vsync_ref

Generator > DE_ref

from VDVS pi
rom PN — > Field_ref

Vsync from BT656 —
/ﬁ tg_vs_sel
x\/
3.3.3. Resolution Detect

It measures input H/V timing and resolution, including
- Hsync pulse width and period, unit = system clock.
- Vsync pulse width and period, unit = line.
- Hsync pixel number, unit = input clock
- Vsync period, unit = system clock
- Hsync and Vsync polarity
- Odd or even frame
- Interlace or non- mterlace

Input H/V timing is also |tor d andwi
than preset range.

from VDHS

o

A 4

=

an interrupt when the frequency change is larger

0 5 Hsync_hi[10:0]
—» Hsync_freq[11:0]
—» Vsync_hi[10:0]

Hsync from BT686 —»

es_hs_sel _ % Vsync_freq[11:0]
Resolution Detect
— res_vtotal[19:0]
> q ——— Htotal_rb[11:0]
—» H,V polarity
— Interlace mode
res_vs_sel

—» H,V syncloss

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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3.3.4. Active Video Region Detect

It detects active video boundary in an user-defined region. If the input signal amplitude is greater
than the threshold, if will record the position and report the boundary.

A\

Hsync

Detection
i Region

Vsync

-~~~ Y1max

h : \U/ : Tt vmax_thres
: Xl1min X1r1nax i
h_thres <> hmax_thres
2 \_/
3.3.5. Auto White E
Auto White Balaneé i s the maximum or minimum RGB value (from ADC) of the
selected display able 'the function, it will start recording in next frame and set awb_done

flag when it is done

If alsg xer Yo get one pixel data when awb_data_type="1x".

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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ﬂ Hsync H

_______ awb_vstr

Vsync

AWB Detection Region

:‘ awb_hstr

3.4. Scaler

400x234, 480x234. 640x480, 8(@600 and

sharpness and bri j t. The output is convert to RGB domain with a color space
converter.

r —» Cr, Cb’ Cr’, Cb”
Hue »|  Saturation —>
W —»
Color
Space [ ”RGB
Conversion
Y —»| Contrast » Sharpness » Brightness >

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
Weltrend reserves right to modify all information contained in this document without notice.
-18 -



WT8871-C/WT8871-E

Video Display Controller for Analog
Small Size LCD Display System

: L L.II tl.lL. !I EI

3.5.1. Hue

Hue adjustment allows user to change the hue angle.
Cb~ Cb-cose — Cr-sine

Cr~ Cr-cosé + Cb-sins

where cosé and siné is set by registers.

3.5.2. Saturation

Saturation adjustment is done by multiplying Cb and Cr with a programmabl@coeﬁic'

Cb” Cb”- sat_coef
Cr~ Cr”- sat _coef

The range of coefficient is 0 ~ 1.96875.

3.5.3. Contrast

3.5.5. Brightness

Brightness adjustment is
Yout = Yin %

bCr signal to RGB. Two standards are supported, BT.601 and

1.596(Cr - 128)
0.391(Cb - 128) - 0.813(Cr - 128)
2.018(Cb - 128)

er System (BT.709)

1.164(Y7e - 16) + 1.793(Cr - 128)
1.164(Y70s - 16) - 0.213(Cb - 128) - 0.534(Cr - 128)
1.164(Y700 - 16) + 2.115(Cb - 128)

oo
(Il
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Weltrend reserves right to modify all information contained in this document without notice.
-19 -



WT8871-C/WT8871-E

Video Display Controller for Analog
Small Size LCD Display System

: L L.II tl.lL. !I EI

3.6. On Screen Display (OSD)

OSD features :
- Font size : 12x18
- 9216x12 bits ROM, two banks, each bank stores 256 fonts
- 1280*24 bits RAM, stores user-defined fonts
- 512*16 bits Display RAM, stores character attributes
- Support RAM clear function
- Foreground and background color : selected from 32 colors look up table
- Programmable 1x, 2x, 3x and 4x for character width and height <>
- Support 2 display windows
- Support 1 programmable background windows
- Support shadow/border
- Support fade in/out effect
- Support blinking effect
- Support external OSD from other device

3.6.1. Character Attribute

Character attribute format N
Bit| 15 [ 14| 3|2 11]10]A] st LxfAM4 ]3] 2]1]o0
Blink | 0 CLUT index N ARV ]| ROMfontIndex

Blink | 1 cluTindex =y N SN.__éef defined Font Index (1-bit/color)
Blink | 1 CLUT jndex /7~ [N\ DL~ User defined Font Index (2-bit/color)

Each character has a 16-bif
Bit[15] : Blink

Display RAM

splay RAM stores the attribute of character which want to be displayed.

y RAM Data Structure

Address Description

DSPO_inx characterQ attribute of display windowO | Display WindowO Character Attribute
DSPO_inx +1 character1 attribute of display window0

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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characterQ attribute of display window1
character1 attribute of display window1

DSP1_inx
DSP1_inx +1

Display Window1 Character Attribute

Display RAM data mapping (512x16 bits, write only)

RAM Addr. Bit [15:8] Bit [7:0] <>
0 Page= 0x20h, Register index= 01h Page= 0x20h, Register index= 00h
1 Page= 0x20h, Register index= 03h Page= 0x20h, Reglsterlndex 02]7{\
128 Page= 0x21h, Register index= 01h Page= 0x21h, Reglsterlndex 0on
129 Page= 0x21h, Register index= 03h Page= 0x21h, Reglster |nde57—G%
511 Page= 0x23h, Register index= FFh

Page= 0x23h, Reglst Pdex= FEh \>

Display RAM clear procedure :

Set bit 5 of register 0x1Dh and clear this bit after 5 cles.
3.6.3. User-Defined Font RAM
UDF RAM Data Structure (1280x24 bits)

Address Bit[23:JR] [/ Note
UDF_Inx0 UDF1 chargafSr #0, Line | | UD‘E—BQaracter #0, Line0  [1-bit color font
UDF_Inx0 +1 UDF1 chafapter #Qshine 3 \ |  UDH1character #0, Line 2

: CCAS 7/
UDF_Inx0 + 8 UDF1 chaxactér #0, Diae W7 UDF character #0, Line 16
. ( A \ ; \
UDF_Inx1 Y\ WDF2 ckaracter #0, Line 0 2-bit color font
UDF_Inx1 +1 )\ \UBF2 chavécter #0, Line 1
: L7 NN\
UDF_Inx1 + 17 /\{7 N\ UDWcharacter #0, Line 17
. \ S
0x4FFh

User-Defined Fo Qta mapping (1280x24 bits, write only)

yRAM\Qd& Bit [23:16] Bit [15:8] Bit [7:0]
O(OXOO\Qh) ﬁ 0x2Ch, Reg index= 02h/03h Page= 0x2Ch, Reg index= 01h Page= 0x2Ch, Reg index= 00h
1(0;8Q1h% ge= 0x2Ch, Reg index= 06h/07h Page= 0x2Ch, Reg index= 05h Page= 0x2Ch, Reg index= 04h
2561bx/00h) Page= 0x30h, Reg index= 02h/03h Page= 0x30h, Reg index= 01h Page= 0x30h, Reg index= 00h
Wmh) Page= 0x30h, Reg index= 06h/07h Page= 0x30h, Reg index= 05h Page= 0x30h, Reg index= 04h
512(0x200h) Page= 0x34h, Reg index= 02h/03h Page= 0x34h, Reg index= 01h Page= 0x34h, Reg index= 00h
513(0x201h) Page= 0x34h, Reg index= 06h/07h Page= 0x34h, Reg index= 05h Page= 0x34h, Reg index= 04h
1280(0x4FFh) | Page= 0x3Fh, Reg index= 3Eh/3Fh Page= Ox3Fh, Reg index=3Dh Page= 0x3Fh, Reg index= 3Ch
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User-Defined Font RAM clear procedure :

Set bit 6 of register 0x1Dh and clear this bit after 1280 system clock cycles.

3.6.4. Color Look-Up Table (CLUT)

Color Look-Up Table is a 32x24 bits RAM.

(1) Transparent ;
Index “0” is defined to let OSD transparent

(2) 1-bit color : <>

Bit[23:12] stores foreground color and bit[11:0] stores background olar. X bit[11{0]c"0A ", the
background color is transparent.

Foreground color Background color
232221 201918171615 [1a[13[12][11[10]o s N6 [ NMI3[2]1]o0
R7 |[R6 [R5 |R4 | G7 | G6 | G5 [Ga [B7 [B6 | B5 | B4 | R3[| R2 | Rqf[/Ro | 63| &2 | 6N\ a6 [ B3 | B2 [ B1 | BO
R7 |R6 [R5 |R4 | G7 | G6 G5 [Ga|[B7[B6 |B5|Ba| 0 [ 0o Nolo]oNoNoJo]oJo o]

Foreground color (font code="1")
RGBI[23:0] = { R[7:4], R[7:4] , G[7:4], G[TA

Background color (font code="0")
RGB[23:0] = { R[3:0], R[3:0] , G[3:0] , G[3;0

(3) 2-bit color :

:0]="000001", the background color is transparent.

Bit[5:0] storesWn color. INNQItfS

Foreground color 2 Foreground color 1 Foreground color 0 Background color

18 N\17\| 16 | 15 | 14 | 13 [ 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

B6 N 4 | G5 | G4 | B5 | B4 | R3|R2|(G3|G2|B3|B2|R1|R0|G1|GO0|B1|B0
B6 | R5"| R4 [G5 | Ga [B5 (B4 [R3|[R2[G3|G2|B3|B2] 0 0 0 0 0 1

RGB[23:0] = { R[3:2], R[3:2], R[3:2], R[3:2], G[3:2], G[3:2], G[3:2], G[3:2], B[3:2], B[3:2], B[3:2], B[3:2] }

Background color (font code="00")
RGB[23:0] = { R[1:0], R[1:0], R[1:0], R[1:0], G[1:0], G[1:0], G[1:0], G[1:0], B[1:0], B[1:0], B[1:0], B[1:0] }

Note : Update CLUT during OSD is displaying is prohibited

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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CLUT RAM data mapping
RAM Addr. Bit [23:16] Bit [15:8] Bit [7:0]

0(0x00h) | Page= 0x16h, Reg index= 02h/03h | Page= 0x16h, Reg index= 01h | Page= Ox16h, Reg index= 00h
1(0x01h) | Page= 0x16h, Reg index= 06h/07h | Page= 0x16h, Reg index= 05h | Page= 0x16h, Reg index= 04h

31(0x1Fh) | Page= 0x16h, Reg index= 7Eh/7Fh | Page= 0x16h, Reg index=7Dh | Page= 0x16h, Reg indéx=Y\Ch

CLUT RAM clear procedure :
Set bit 4 of register 0x1Dh and clear this bit after 32 system clock cycles.

3.6.5. Background Windows

There is one programmable background window provided. It has H_start, N nd V_end

A programmable mask determines displayed OSD area i ingd by H_start, V_start and
H_end, V_end which can be automatically increment/d yerform fade in/out effect.

3.6.7. External OSD

External OSD can be mixed to the g4 i{spray” priority is display window > background
window > external OSD > vide

3.7. Gamma Correcti
Gamma correction is do SR based look-up table. Each color has a 256x8 bits RAM to

give 1-to-1 transforma

3.8. Dither

The ditp i iffuses the errors when display panel is 6-bit.
-bit output and dithering 6-bit output (input = 8-bit)

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
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3.9. TCON and Panel Clock

There are two kinds of TCON signals supported : universal type and specific type. Specific type
generates OEH, OEV, STH, STV, CKV and Q1H. Universal type generates signals which can be any
combination of H and V timing.

Panel clock supports simultaneously and sequential mode for analog panel. Clock output ¢ e fine
tuned by programmable delay to get best timing margin.

Specific
TCON

—» STH
— OEH
—» OEV
—» CKV
—» STV
—» Q1H

Universal
TCON

— TCONA
—» TCONB
—» TCONC
—» TCOND

Clock Phase

—PJ Delay Line

X Z | —

Delay Line

< X

Delay Line

& \Btgc Diagram of TCON

@@
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STH

OEH

CKV

<«

—

‘OEH_HS

CKV_HW

—Le ¥

SIS

CKV_HS!

Timing of Specific T eTm
g of Sp yp A/N’\

3.10. Digital-to-Analog Converter

AV

ad ADC is an 8-bit ADC with four inputs. It converts all inputs sequentially and clear the start bit
nversion is done.
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3.14. PWM
3.141. PWM

PWM is 8-bit resolution and use BRM algorithm. Time base is 1MHz (if system clock=24M

3.14.2. Low Frequency PWM
Low frequency PWM clock frequency is 1MHz + (PWM_CLK]6:0]+1). Range 4

3.90625khz <>
3.15. Remote Control

Infra-red remote control is supported by using a 16-bit counter to mea igh/lo e interval. The
clock source can be selected from 1us, 64us, 256us or 1ms. Coun verf] alue rogrammable
and with interrupt

3.16. GPIO
General purpose I/Os are shared with dthex functi |o fucturé is shown below. Pull-up or Pull-
down can be turn off while not used.

func_A ¢ O_ACT

weak pull-up

________

GPIO_ACT
- GPIO

GPIO_DAT

fiEsRnts!
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3.17. Interrupt

Interrupt sources of internal MCU mode:
- Input processor, including H/V loss, timing change, Vsync edge

Vsync output edge
- IR
INT pin
MCU timer/counter 0 and 1
DC-to-DC power fail

3.18. ISP & ICE

In-System-Programming (ISP) function is provided to program the exte} lash OR dugh 1’Cc
interface.
In-Circuit-Emulator (ICE) function is supported for debugging usesp Qutusiig external ICE

hardware.
Weltrend Development Kit supports ISP and ICE functions$
are provided.

and single step execution

3.19. DC-to-DC Converter

DC-to-DC converter is PFM type with sel
reduce start-up current. Power failure sig
implemented to protect power I\@S whil

pay

\—'J H
*+5 * VGH
/_\ 22uF

SW | R1
24MHz ———) |
Clock Select —»| Control

OFF ——— Logic ~ FB
> Power Fail ¢————— + 125V 5y
] 1 ”
Soft B 1nF
Start < _ ss_|

ping ency. A soft-start circuit is built-in to
ZU monitoring. Protection circuit is also

AN
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3.20. Reset

There are three sources can reset the whole chip.
- RESETB pin : A low level on this pin.
- 2.5V low voltage reset : When core logic power is under the threshold.
- 3.3V low voltage reset : When 3.3V pad power is under the threshold.

2.5V and 3.3V low voltage reset can be disabled by MCU.

o
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4. Register List

All registers are 8-bit register with 16-bit address index. High byte of address is defined as page and
low byte is index.

Below is a quick reference table for page information.

Page Function Description

0x00h Global system control 1/O pin setting, power down mode, SS PL|7/

0x01h Input Processor Input capture, resolution detegt;\referengé %’nng?e\\WQ \
0x02h Reserved

0x03h Scaler Scaler control A (\ v // //\/

0x04h~0x09h |[Reserved

0x0Ah Chrominance and Luminance Contrast, sharpness, brig@hrle&, hue\sa\era}ien/

0x0Bh Reserved

0x0Ch  [OSD control osDcontol N\ \a Y

0x0Dh TCON Panel timing cg\nﬁyﬂ/sigﬁ‘a\l \ \/
0x0Eh Analog circuit DAC, VCOM ﬁ\u?th, DC-to\pf}\converter
0xOFh Output Processor Output format, éqm\(la, dithe}\)

0x10h~0x12h |[Reserved

0x13h Miscellaneous A Izq{ I}é, PW/I{e/ypahp&)C

0x14h~0x15h |Reserved

0x16h 0SD CLUT \ \|0SQ cqfor logk-yp table

0x17~0x1F Reserved

0x20~0x23  |OSD display RAMY [ [ 'RAN of OSD display
0x24~0x2B  |Reserved

0x2C~0x3F  |0SD UDF RAKI A N\ O\ \ \_[RAM of OSD user defined font

0x40 Gamma tabl% v/ \ \ (;{amma table of red color
0x41 Reserved

0x42 Gammgatable \ \ \) Gamma table of green color
0x43 Reserved

0x44 @’a\‘n(na tablé\ \ N\ Gamma table of blue color

0x45~0x4F Reserved

Ox50~0)6F—\ Reserved

Oyé()/\ Viago \D@c\gder Video decoder

0x6 1 ~¢X6F Reserved

\/ 0x7(\~()x(75 Reserved

0xX6 \__€pU RAM RAM of MCU

Oxmoﬂsl;/ Reserved
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4.1. System Control

4.1.1. General Control
Page 0x00h A\
Index | Default | R/W Bit Name Description
ooh | 0th [ RW | 7:0 [rev_id Chip revision ID code O\
74 Reserved
0 R/W 3 |osc_off Shut down system clock, resumes when wake-u
(index-2) occurs.
Clear and set OSC_OFF to generajg a rising/edge t e able
01h function @
0 R/W 2 |rst_ndf 0 = enable digital filter for system res / //\7
1 = no digital filter for system reset
0 R/W 1 [lvr_33 0 = Enable Low Voltage Resé\on %Vb@\bgr
0 R/W 0 |ivr 25 0 =Enable Low Voltage Resethg(Z\.QV po%@ \
7:5 Reserved
4 |wake_en_adc wake-up enable for keypad-ADC v
system suspends if _ ORE isturneq o
system resumes put da e changed from the status
before suspend
02h 0 R/W 3 |wake_en_mp1 wake-up enablefor M@U\porm P’r{é:O]
0 RW | 2 |wake en_ i2c wake-w?anﬁfyzc\q%ding ISP_I2C, ICE_I2C, DVD_I2C
A land S 2C) N
0 |RW][ 1 [wake en_sync  wake-ypknaBlgforfC$YNC, VSYNC and HSYNC
0 R/W 0 |wake_en_int w\qke-L)p é/n,a'SIe for/inferrupt input
03h 7:0 Reserved
0 R/W 7 |rst_glgbal / / FMg\?Qba automatically cleared)
6:4 Reserved
04h 0 R/IW 3 stlév‘ag/\ \ \ reset }/lﬁe;é decoder
0 [RwW ][ 2 leshdia N\ \ \ \NtesetDi/BCA
0 [RwW ]| 1 [stsp€ N\ resetscaler
0 |RW]| 0 [fgndo\  \_\ [reset OSD/DO/TCON
0 | RW | 76 |muxXadd,  \ ) |ForiCtest
0 RW |/ 5 Reserved
0 R 4 ux_di \) Input selection:
1= select ITU656 input, VDCK/VDHS/VDVS/VDI[7:0] are inputs
= if {EXT_OSD_EN, EXT_OSD_SEL} ="10",
05h /\ VDCK/VIN/HIN/VDI[4:0]} acts as external OSD I/F,
/T else VDCK/VIN/HIN/VD are decoder outputs
&K R 3\/demode_en select scaler demo_de as reformat rfmt_de input
y 1 = connect demo_de to rfmt_de, disable GOB/DO demo
function
/ 0 = connect do_de to rfmt_de, enable GOB/DO demo function
/Qobb\_,R//W 2:0 |mux_rfmt For IC test
\ 7:3 Reserved
06h /1 R/W 2 |clkn_ rfmt 1 =invert RFMT clock input
/ / 1 R/W 1 |clkn_bca 1 = invert BCA clock input
1 R/W 0 |clkn_di 1 = invert DI clock input
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4.1.2. Panel Clock Adjust

Page 0x00
Index | Default | R/W Bit Name Description
7:5 Reserved
000b | R/W | 4:2 |daclk_sel Panel clock phase selection ( \
07h 0 R/W 1 |oph_dp 0 = analog panel \\
It also control the inversion function of panel data outpu
0 R/W 0 |cph_phase CPH/PCK phase inversion
08h 7:4 Reserved
Oh R/W | 3:0 |del_cph1 CPH1 output delay selection // } \ \
09h 74 Reserved -
Oh [ RW | 3:0 |del_cph2 CPH2 output delay selection A VS 1O
0Ah 7:4 Reserved
Oh R/W | 3:0 |del_cph3 CPH3 output delay selection\ V) \ \ \ \//
74 Reserved
0Bh Oh R/W | 3:0 |del_pli4x PLL4X input clock delay selectlon\gﬁcﬁ> r ijput data phase
adjustment)
delay time (ns) =1 +

4.1.3. Spread Spectrum PLL

CON

Page 0x00
Index | Default | R/W Bit Name Description
7 Reserved
Oh R/W | 6:4 |ss_prescale calersefection:
6 100= -8
101=+12
110= +16
10h x 111= +1
Oh R/W | 1:0 @R\ FIN clock source selection
00= CKIN
/'\ 01= REFCK
10= HSYNC
A /\\ 11= HS*NF2
Oh R/W‘ \7:4 s%TN\:O] Modulation period (number of "freq" period)
11h | oh R/W \8\0 ss_Nepn[3:0] Spreading step number. Range : 1 ~15
\ Modulation Depth ~ +((Delta*StepN)/ NF)*100%
// \ 7\4 Reserved
[ b RW | 3Y|ss_tmode For testing control
?Zh \ )l\ R/W 2 |ss_testb For testing control. Keep “1” of normal use.
1 \_BNV 1 |ss_bypass 1 =power down (PLL off) and force output to ground
A 0 = Enable SS PLL
\1 R/W 0 |ss_onss Spread enable
] } 74 Reserved
13 Oh R/W | 3.0 |ss_delta Step size for NF spreading, i.e. add/sub value at one step from
)/ previous Spreaded NF
Range : 1 ~15
14h | 02h R/W | 7:0 [ss_NI[7:0] Dividing number of input divider, i.e. prescaler.
15h 00h R/W | 1:0 |[ss_NI[9:8]
7:2 Reserved
16h | 02h R/W | 7:0 |ss_NF[7:0] Dividing number of feedback divider.
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00h R/W | 1:.0 |ss_NF[9:8] Range : 2 ~1023

17h note: set SS_ONSS = '1' before programming SS_NF

7:2 Reserved
18h | 02h R/W | 7:0 |ss_NO[7:0] Dividing number of output divider
19h 00h R/W | 1:0 |ss_NO[9:8] A

7:2 Reserved
1Ah | 02h R/W | 7:0 |ss_NF2[7:0] Dividing number of feedback divider Il \\
1Bh 00h R/W | 2:0 |ss_NF2[10:8]

7:3 Reserved

SS PLL output frequency can be calculated by the formula below <> \>
Fout = n*NF_
NI+ NO
ed

In order to have good performance of PLL, some criteria must be
(1) Fref: 1M~6M Hz
(2) Fosc: 350M~600M Hz

&
@@
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4.1.4. GPIO setting
GPIO and Special Function Control Registers -- Page 0x00h

Index | Default | R/W Bit Name Description
FFh R/W | 7:0 |gpio_act VD Configuration of VD[7:0] pins.
20h 1 =actas GPIO
0 = act as video data of BT.656
7:3 Reserved
1 R/W 2 |gpio_act_VCI2] 1 =actas GPIO
0 = act as clock of BT.656 or BT.601 (VDC&/\

21h 1 R/W 1 |gpio_act VC[1] 1 = act as GPIO >
0 = BT.601 VSYNC (VDVS) (B /\

1 RW | 0 |gpio_act VC[O] 1 = act as GPIO v %
0 = BT.601 HSYNC (VDHE\ <\
oon | FFh | RW [ 7:0 [gpio_act_TL[7:0] 1 = act as GPIO ' w
0 = TCON[7:0]

7:6 Reserved
1 R/W | 5:0 |gpio_act TH[5] 1 = act as GPIO m WV
0 = act as vsync odtgat (XS
23h 1 RW | 4 |gpio_act TH[4] 1=actas GPIM
0 = act as hsynsoutput (HS
1111 | RIW | 3:0 |gpio_act_TH[3:0] 1=am \4
0 = agAs TCON[1Ng]
74 Reserved
24h [ Fh [ RW | 3.0 [gpio_act PWM \ 1=to§:;//§yfog (l v
0 =achas PWM[3:0]
7:4 Reserved
25h | Fh | RW | 3:0 |gpio_act ADC KK\J iact\ag(_BBIZ/
A\ O\ act as ADCJ[3:0]
7:2 Reserved
26h [ on |[RW | 1:0 g;ﬁ);;(\l)i\\_?fj%PIOfor{lCE_SCL, ICE_SDA}
oj€: only paired disable is allowed
7:6 Reserved

1 R/W | 5:0 0 ast FL act as GPIO for {IR, INT, FCSB, FCLK, FDO, FDI}
1 =act as GPIO
\ 0 = act as infra red input (IR)
1 R 4 gpiy_act XLM[4] 1 = act as GPIO
0 = act as interrupt (INT)
gpio\gt_FLH[3] 1 = act as GPIO
0 = act as flash chip select (FCSB)

RV g
1 \Qgpio_act_FLH[Z] 1 = act as GPIO
0 = act as flash clock (FCLK)
? \ \ R/\7 1 |gpio_act_FLH[1] 1 = act as GPIO
0
R/W

27h

0 = act as flash data output (FDO)

\KW gpio_act_FLH[0] 1 = act as GPIO
A\ 0 = act as flash data input (FDI)

28h Fh 7:0 |gpio_act_PDH 1 =act as GPIO
0 = act as PD[23:16]

9"/ /FFh R/W | 7:0 |gpio_act PDM 1 = act as GPIO
0 = act as PD[15:8]

note: keeping I2C active after initialization
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GPIO Output Enable Control Registers -- Page 0x00

Index | Default | RIW Bit Name Description
30h | FFh R/W | 7:0 |gpio_oen VDI[7:0] 0 = output enable for BT.656 data input bus VD[7:0]
7:3 Reserved
31h 1 RW | 2 |gpio_oen VC[2] 0 = output enable for VDCK pin O\
1 RW | 1 |gpio_oen VC[1] 0 = output enable for VDVS pin N\
1 RW | 0 |gpio oen VC[0] 0 = output enable for VDHS pin N\
32h | FFh R/W | 7:0 |[gpio_oen_TL[7:0] 0 = output enable for TCONJ[7:0] pins N\
7:6 Reserved
33h 1 RW | 5 |gpio oen TH[5] 0 = output enable for VSO pin /o~ \  \
1 RW | 4 |gpio oen TH[4] 0 = output enable for HSO pin A / /. \
1111 | RIW | 3:0 |gpio_oen THI[3:0] 0 = output enable for TCON[118Lpins [ | //\ \
34h 7:4 Reserved
1111 [ R'W [ 3:0 [gpio_oen PWM[3:0] |0 = output enable for PWM[8:0] pirg \ [ ( //
35h 7:4 Reserved
1111 | RIW | 3:0 |gpio_oen ADC[3:0] |0 = output enable for keypgd ABC[3:0N\ \ —
7:2 Reserved
36h 1 RW | 1 |gpio_oen I12C[1] 0 = output enable for )JGESSCL Pn\
1 0 [gpio_oen_12C[0] 0 = output enable fgf JEE_SRA pinn "
7:6 Reserved
1 RW | 5 |gpio_oen FLH[5] 0 = output enaBle fdr IR pin \_\
1 RW | 4 |gpio_oen FLH[4] 0 = output enabl&foNINT pin \ )
37h 1 RW | 3 |gpio oen FLH[3] 0 = outpatenable fsr FCSB pin
1 RW | 2 |gpio_oen FLH[2] 0 = odtpatenabls foNECLK pin
1 RW [ 1 |gpio_oen FLH[1]A |0 = pufput erfapfe for FRD pin
1 RW | 0 [gpio oen FLHO]\ \ [0 =(output’erablé for FDI pin
38h | FFh | RW | 7:0 [gpio_oen PDH[7:0N\ \O = utpytenablf fbr panel data output PD[23:16]
3%h | FFh | RW | 7:0 [gpio_oen PDM[7;0 |O\= oNtpit.enatfieffor panel data output PD[15:8]
7:4 Reserved
1 RW | 3 |[gpio/osn D2Df3 O\ Output enable for SS2 pin
3Bh 1 RW | 2 |[gpfo eén D20[2 0 3 output enable for FB2 pin
1 RW [ 1 [op®_oed R2DK]\ [0 7 gwtbut enable for FB1 pin
1 RW ][ 0 gp‘iQAOerkD‘XD[O}\ [0= butput enable for SS1 pin
GPIO Output Data Register%&l’gge &QB\
Index | Default | R/W Bit Name Description
40h | FFh | RW [/7:6< |oRio_dX_MD[7:0] GPIO output data for VD[7:0] pins
A /7:3 Reserved
4th | 7n | RW %:0 gbb\_\}at_VC[z:O] GPIO output data for video control {VDCK, VSYNC,
HSYNC}
42h | F 7?Q gpio_dat_TL GPIO output data for TCONJ[7:0]
43h / / \ 7\6 Reserved
[3Fh | RW ) 5:0”|gpio_dat TH GPIO output data for {VSO, hSO, TCON[11:8]}
\Zlh \ \ } 7:4 Reserved
\eh\ | RW/| 3.0 |gpio_dat_ PWM GPIO output data for PWM[3:0]
45h LA 74 Reserved
\Fh R/W | 3:0 |gpio_dat ADC GPIO output data for keypad ADC[3:0]
46h | ] 7:2 Reserved
/3h R/W | 1:0 |gpio_dat_|2C GPIO output data for {ICE_SCL, ICE_SDA}
447/ 7:6 Reserved
/h/ 3Fh R/W | 5:0 |gpio_dat FLH GPIO output data for {IR, INT, FCSB, FCLK, FDO, FDI}
48h | FFh R/W | 7:0 |gpio_dat PDH GPIO output data for panel data output PD[23:16]
49h | FFh R/W | 7:0 |gpio_dat PDM GPIO output data for panel data output PD[15:8]
4Bh 7:4 Reserved
Fh R/W | 3:0 |gpio_dat D2D GPIO output data for DC2DC pads {SS2, FB2, FB1, SS1}
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note: the read data is from pin, not registered value.

GPIO Pull up/down Control Registers — Page 0x00h

Index | Default | R/W Bit Name Description
50h 00h R/W | 7:0 |gpio_ren_VDI[7:0] 1 = turn off pull-down res!stor of VD[7:0] p!n
0 = turn on pull-down resistor of VD[7:0] pin <\
RW | 7:3 Reserved
0 2 |gpio_ren_VCI[2] 1 = turn off pull-down resistor of VDCK pin
0 = turn on pull-down resistor of VDCK pin
51h 0 1 |gpio_ren_VC[1] 1 = turn off pull-down resistor of VSYNC p/ \ \
0 = turn on pull-down resistor of VSYNC p
0 0 |gpio_ren_VCIO0] 1 = turn off pull-down resistor YNC m //\ \
0 = turn on pull-down resistor of S)(\NC
52h 00h R/W | 7:0 |[gpio_ren_TL[7:0] 1 = turn off pull-down res!mw. gan/
0 = turn on pull-down resistor C :0] pin
RW | 7:6 Reserved
0 5 |gpio_ren_TH[3:0] 1 = turn off pull-down resm%ZlP
0 = turn on pull-dow or o 2/P
53h 0 4 |gpio_ren_TH[3:0] 1 = turn off pull-do 3\ C H?’:ﬂs S pin
= turn on pull- resis f CP HS pin
Oh 3:0 |gpio_ren_TH[3:0] 1 = turn off pul\d\\n‘g\;esmto\r\g%ON [11:8] pin
= turn on pull-d esistor ON [11:8] pin
sqn | O [ RW [ 3:0 [gpio_ren_PWM W ﬁmbgmr PWM[3:0]
r off inputpull- r PWM[3:0]
5| Oh | RW [ 3:0 |gpio_ren ADC <\ o = cuWﬁu -upMor ADCI[3:0]
1=%u hput|pyll-up for ADC[3:0]
0 RW | 1 gpio_ren_|2c_sc/|_& R;t\&r&wu-upfor ICE_SCL
56h i ull-up for ICE_SCL
0 R/W 0 |gpio ren_I2C (’é[( \%Mut pull-up for ICE_SDA
6 off input pull-up for ICE_SDA
7:6 Reserved
0 R/W 5 p‘i@?h&@\&jyffﬁm on input pull-up for IR pin
% < turn off input pull-up for IR pin
0 R/W 4 @xﬁe{_lm\\ 0 = turn on input pull-up for INT pin
1 = turn off input pull-up for INT pin
0 R/W /3 b{{)_re%RSBv 0 = turn on input pull-up for FCSB pin
57h /\ 1 = turn off input pull-up for FCSB pin
0 R@‘ &2 (3* en_F'CLK 0 = turn on input pull-up for FCLK pin
1 = turn off input pull-up for FCLK pin
0 *R.zyz \ gpio}(en_FDO 0 = turn on input pull-up for FDO pin
/ 1 = turn off input pull-up for FDO pin
( ( R)‘Q/ b\)gpio_ren_FDI 0 = turn on input pull-up for FDI pin
1 = turn off input pull-up for FDI pin
\,J/Sh ybk R 7:0 |gpio_ren_PDH 0 = turn on input pull-up for PD[23:16] pin
1 = turn off input pull-up for PD[23:16] pin
59h /ﬁ)ﬁh\_ﬁefw 7:0 |gpio_ren_PDM 0 =turnon !nput pull-up for PD[15:8] p@n
1 = turn off input pull-up for PD[15:8] pin
} } 7:4 Reserved
0 R/W 3 |gpio_ren_SS2 0 = turn on input pull-up for SS2 pin
/ 1 = turn off input pull-up for SS2 pin
0 R/W 2 |gpio_ren_FB2 0 = turn on input pull-up for FB2 pin
5Bh 1 = turn off input pull-up for FB2 pin
0 R/W 1 |gpio_ren_FB1 0 = turn on input pull-up for FB1 pin
1 = turn off input pull-up for FB1 pin
0 R/W 0 |gpio_ren_SS1 0 = turn on input pull-up for SS1 pin
1 = turn off input pull-up for SS1 pin
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4.2. Input Processor
4.2.1. Video data/control signal handling
Page 0x01h <\
Index | Default | R/W Bit Name Description
0 RW | 7 |vent_rstedge [If xfr_vs_lock = 1’b1, then set Di_xfr_vcnt_rstedge. \\\i
Vent_rst will set at both rising and falling edge of vsiaput( tNjs
vsyn_| for di_crtc0) fAﬁf;\
0 R/W 6 |tv_mode Turn on TV mode
1 R/W 5 |vs_lock Use external vs(vs_| of crtc0) as v couﬁ{e}reset %o&rce/ / \ \
01h 1 R/IW 4 |hs_lock Use external hs(hs_|I of crtc0) as h,\counter/é@et §o/urp/e/
1 R/IW 3 |tg_go Turn on crtcO module function to Q(néplga{irﬁmg\{efere(nd@ / /
2 Reserved
0 R/W 1 |data_24bit 0 = 4:2:2 data from video decoder xt&rnal
1 = 4:4:4 data from video decoder
0 [RW]| 0 [din_rvs Reverse input data bit ordeg{i.e. data[7:0\wit\bexdata[0:7]
0 R/W 7 Reserved
0 R/W 6 Reserved
1 R/W 5 |ck1_inv Set ck1( di output clock)\olé(ity inverée )
02h 0 R/W 4  |hsi_pol Inverse input gifihs po rit)\
0 R/W 3 |vsi_pol Inverse inpu/c}iﬁ/s r)laﬁty \ \
0 RW | 2 |dei_pol I§vese inp(it findepafap) v
0 R/W 1 |fdi_pol In%rég inpﬂqt M;}/polar}ty }
R/W 0 Reserved
1 R/W 7 |dt_fd_sel2 175€e tﬁQgﬁor\n_r;derence timing generator to di_clam
A\ qui;zgf@ from dt_fd_sel1
1 RW | 6 @}s’a &select x}erd)om BT656 decoder
select f rom external dinfd
1 R/W 5 %}dﬁ?e\z\ =seteetDE from reference timing generator
0= DE from dt_de_sel1
1 RW | 4 %\ﬁn = select DE from BT656 decoder
03h 9 select DE from external dinde
1 R/W //&\a\\vs_éxléx 1= select vsync from reference timing generator
A 0= select vsync from dt_vs_sel1
1 RAV \2 d\< sell” 1= select vsync from BT656 decoder
0= select vsync from VDVS pin
/‘W \ dt_hsv_sel2 1=select hsync from reference timing generator
y 0= select hsync from dt_hs_sel1
( C R/\%/ O\/ dt_hs_sel1 1= select hsync from BT656 decoder
> 0= select hsync from VDHS pin
~/ %‘WI 7 |res_hs_sel Hsync source selection for resolution detect
04h ~//// 1= from BT656 decoder
LA 0= from VDHS pin
)0 R/W 6 |res_vs_sel Vsync source selection for resolution detect
1= from BT656 decoder
0= from VDVS pin
/ 0 R/W 5 |tg_hs_sel Hsync source selection for reference timing generator
/ 1= from BT656 decoder
0= from VDHS pin
0 R/W 4 |tg_vs_sel Vsync source selection for reference timing generator
1= from BT656 decoder
0= from VDVS pin
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0 R/W | 3:0 |[sync_sel Sync_sel[3] hent_rst sync to vsync_r
Sync_sel[2] de for crtcO(detect active region)
Sync_sel[1] de for crtcO(detect active region)
Sync_sel[0] pcnt_hs sel

7 Reserved

05h R/W 6 |average Pcnt initial number for bt656 decoder (\

o|Oo|Oo

5:2 Reserved

00 R/W | 1:0 |pcnt_ini Pcnt initial number for bt656 decoder \ \

06h Reserved

7 Reserved

000 R/W | 6:4 |pat_sel Test pattern select of input processor
000= bypass data

001= black

010=: white

07h 011= dot pattern (dot = white)

100= horizontal strip (gray)

101= vertical ramp ( gray )

110= horizontal ramp ( gray

111= color bar

3.0 Reserved

08h Reserved

09h Reserved

OAh Reserved

0Bh | 10n | RW | 7:0 [xfr_ mask_y  [When mask f'sValis > \ \

0Ch| 80h | RW | 7:0 |xfr_mask _cb |when mas{ Gb's ya/ye/ \

ODh | 80h | R/W | 7:0 |xfr_mask_cr V\)Neﬁ\maslkc‘(,s//aﬁje }

4.2.2. Reference Timing ener?(tgj\\
Page 0x01h AV

Index | Default | R/W Bit Name Description
20h [ 00h [ RW | 7:0 MNosstrfp:0 e\hcr{ st, hsync will be set after “hsstrt” pixels
o1h |0 [ RW [ 30 p\sstrsm 8]\
74 Reserved
22h | 20h | RIW /TO'\tqsena{\Z:bl\ Mdfter hent_rst, hsync will be reset after “hsend” pixels
o3 |0 | RW [ Z0Nhsend[ T8N
Al 74 Reserved
24h 0 R/\?\( \7:0 vs§t\rtf7>:0] After vent_rst, vsync will be set after “Vsstrt” lines
o5h |0 RW A0 |vsstrf11:8]
/ \ \Zﬁ\ Reserved

26h | f0fh | RN\ 79 lvsend|7:0] After vent_rst, vsync will be reset after “vsend” lines

?h RW || 3:0 |vsend[11:8]
O\

/ 74 Reserved
2Ch B\d\h W 7:0 |htotal[7:0] Total of pixels per line
Dh < p6h—TRW | 3:0 |htotal[11:8]
| 7:4 Reserved
2Eh /)Gh R/W | 7:0 |vtotal[7:0] Total of lines per frame
M /01h [ RW | 3:0 |vtotal[11:8]
7:4 Reserved

30h | Dch R/W | 7:0 |hdisps[7:0] Data enable start point (H direction)
31h 00h R/W | 3:0 |hdisps[11:8]

74 Reserved

32h | 7Ch R/W | 7:0 |hdispe[7:0] Data enable end point (H direction)
33h | 06h R/W | 3:0 |hdispe[11:8]
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7:4 Reserved
34h | 0Ch R/W | 7:0 |vdisps[7:0] Data enable start point (V direction)
35h 0 R/W | 3:0 |vdisps[11:8]
7:4 Reserved
36h | FCh | R'W | 7:0 |vdispe[7:0] Data enable end point (V direction)
37h 0 R/W | 3:0 |vdispe[11:8] <\
7:4 Reserved
38h | FFh R/W | 7:0 |hmasks[7:0] Mask region start (H direction) \
39h F R/W | 3:0 |hmasks[11:8] T\
74 Reserved
3Ah | 0 RW | 7:0 |hmaske[7:0] |Mask region end (H direction) <> ( /( / \
3Bh 0 R/W | 3:0 |hmaske[11:8] . /\
7:4 Reserved
3Ch| FFh | RIW | 7:0 |vmasks[7:0] |Mask region start (V direction) S\? \\ M
3Dh F R/W | 3:0 |vmasks[11:8]
7:4 Reserved
3Eh 0 R/W | 7:0 |vmaske[7:0] Mask region end (V directio \\/>\/
arn | O | RMW | 30 [vmaske[11:8] /?//\\
7:4 Reserved \\;>
4.2.3. Resolution Detect /—%
Page 0x01h /\ /> A
Index | Default | R/W Bit Name Description
40h 0 R 7:0 |hsync_hi[7:0] ulde with @ it = system clock.
41h 0 R | 2:0 |hsync_hi[10:8] /] K \ /%
0 7:3 Reserved
42h 0 R 7:0 hﬁm\\ﬁeq[?:Oﬂ \ Period)ol&sync, unit = system clock.
a3n |0 R | 3.0 Jhsync_feéaf11:§]
0 74 Reserved
44h| 0 R [ 7:0 |vsyn< hi[7q] \ TPetse’width of Vsync, unit = line.
asn L0 R | 2:0 [SefreXi[10:8% \
0 Yol Reserved
46h 0 R V7 v\sync_h‘eq]\z:O] Period of Vsync, unit = line.
47h 0 B/\[ / 3:0 \(@y\g_fre}}[ﬂ :8]
0 \ \7:4 Reserved
48h 0 R \7\;0 res_\ct6tal[7:0] Total of system clock per frame.
49h /0/ ﬁ\ \Zb\ res_vtotal[15:8]
4Ah / ¢ R ?}Qv res_vtotal[19:16]
( b \ 7:4 Reserved
Vi \ ()\ / 76 Reserved
N _R / 5 |res_odd_even Indicate current Field
/\ 0 R 4 |res_interlace 1: interlace
0: progressive
//0 R 3 |res_vs_neg_pol 1: vs pol negative
9/ 0: vs pol positive
0 R 2 |res_hs_neg_pol 1: hs pol negative
/ 0: hs pol positive
0 R 1 |res_vsync_loss 1: vent greater than range
0: vent within range
0 R 0 |res_hsync_loss 1: hent greater then range
0: hent within range
4Ch 0 R 7:0 |htotl_rb[7:0] Total pixels per line. Unit = input clock.
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4Dh 0 R 3:0 |htotal_rb[11:8]

0 74 Reserved

4.2.4. Active Region Detect

QA

Page 0x01h
Index | Default | R/W Bit Name Description
50h | 10h | RIW | 7:0 |[r_thres[7:0] Active region R threshold 0\
5th | 10n [ RW | 7:0 |g_thres[7:0] Active region G threshold /o~ \  \
52h | 10h | RW | 7:0 [b_thres[7:0] Active region B threshold A [/ /A \
53h 0 R/W | 7:0 |h_thres[7:0] H start of detect region N \ ) / / \ \
5h| 0 [RW | 7:0 |v_thres[7:0] V start of detect region A N\ T L7 Y
55h R | 7.0 [x1min[7:0] Active region H min g\/g M
56h R 3:0 (x1min[11:8]
7:4 Reserved
57h R 7:0 |x1max[7:0] Active region H max \\/>\/
58h R 3:0 |[x1Tmax[11:8] i\\
74 Reserved
59h R | 7:0 |y1min[7:0] Active region V mir\\ \>
5Ah R 3:0 |[y1min[11:8]
74 Reserved
5Bh R | 7:0 |ytmax(7:0] _Active r(ég(é;W \
sch R | 30 [ytmax(11:8] N\ |\ ﬂ
7:4 Reserved
76h | FFh | RW | 7:0 |hmax_thresh[7:0y |H en}ﬁw
7 |_Fh | RW [ 3:0 [hmaxnfresht 8] t\
7:4 Reserved
78h | FFh | RW | 7:0 [iméx_thr@sh[70]1\ Wtect region
2on |_Fh | RW | 3:0 lymaxathieshq1:3L
74 s Reserved
4.2.5. AutoW ze/l?ﬂ\ce
Page 0x01h
Index | Default | R/W Bit Name Description
62h | 7 | RW [\Z:& [|awb_hstr[7:0] [H start point for AWB
63h /9 | RW\ 20 Yawb_hstr[10:8]
{ b \ 7.3 Reserved
64h [\ 0 [ RV ] 7:0 |awb_vstr[7:0] |V startline for AWB
65h N0 \.| BAV/| 2:0 [awb_vstr[10:8]
A0 73 Reserved
66h \0 R/W | 7:0 |awb_vend[7:0] |V end line for AWB
67h Jo RW | 2:0 |awb_vend[10:8]
/o 7:3 Reserved
_zoh 0 R/W | 7:0 |awb_hend[7:0] [H end point for AWB
“1h 0 R/W | 2:0 |awb_hend[10:8]
0 7:3 Reserved
72h 0 7:6 Reserved
0 R 5 |awb_done AWB done
0 R/W 4 |awb_en AWB enable
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0 R/W | 3:2 |awb_data_type |00 : min value
01 : max value
1x : capture value (the point at awb_hstr and awb_vstr)
1:0 Reserved
73h 0 R 7:0 |awb_data r Auto white balance data R
74h 0 R 7:0 |awb_data g Auto white balance data G < \
75h 0 R 7:0 |awb_data_b Auto white balance data B \ \
4.2.6. Interrupt and region_mode setting m
Page 0x01h O /N
Index | Default | R/W Bit Name Description
0 7:6 Reserved
0 R 5 |int_flag_vsync |Interrupt flag of Vsync \ v/ \ \ \ /
0 R 4 |int_flag_timing |Interrupt flag of timing change </\ \ \ \
0 R/W 3 |region_mode Active region de selector \\9\)
80h 0 : use threshold m
1 : use active_de(sel fro nc eI 1)
0 R/W 2 |int_v_edge 0 : interrupt at rising of vsyné\p\
1 : interrupt t of vsync |ng ed sync
0 R/W 1 |int_en_vsync Enable vsync )n’ceTmQt
0 R/IW 0 [int_en_timing Enable tlmly@Mp\ \ \
RW | 7:3 Reserved
81h 0 R/IW 2 [clr_vsync_int Ieﬁ( the ipt‘(rpﬁy/syn&: ]
0 R/W 1 [clr_timing_int CEgr\th i?\t fr((ﬁ] timip/g)éhange interrupt
0 R/W 0 |[cIr_extr_vs_flag C)sth\s\ex}Q/M}ér
82h 0 R/W | 7:4 |h_di Vhen \b\agoﬁ/ect H change value bigger than H_diff will
A trigger in timing
0 R/W | 3:0 ﬁffﬁ <\ Wjﬂ%n detect V change value bigger than V_diff will
N er lag_timing
4.3. Scaler
4.3.1. Scaler trol
Page 0x03h
Index | Default | R/W Bit Name Description
ooh | /v N \[scaler_ctl[7] Timing repair
( Q R/VY 6v scaler_ctl[6] 1 = left/right mirror
? 0 = normal
\1\ RMI 5 |scaler_ctl[5] Enable down scaling
. b\ W 4  |scaler_citl[4] Enable V non-linear scaling
\0 R/W 3 |scaler_ctl[3] Enable horizontal non-linear scaling of up scaler
] )0 R/W 2 |scaler_ctl[2] Enable horizontal non-linear scaling of down scaler
/ 0 R/W 1 |scaler_ctl[1] De-interlacing at odd field
/ 1 R/W 0 |scaler_ctl[0] Enable de-interlacer
o[ o RW | 7 |go Enable CRTC2
0 R/W 6 |ext_hs ext_hs_en
0 R/W 5 |ext_vs ext_vs_en
1 R/W 4 [rev_odd_even reverse odd/even field
1 R/W 3 |de_ctl 1: use demo_de

0: use org_de
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2:0 Reserved

02h RW | 75 Reserved

0 R/W 4 |frame_lock4 Lock before Vsync

1 R/W 3 |frame_lock3 Lock after Vsync

1 R/W 2 |frame_lock2 Eq_htotal lock A

0 R/W 1 |frame_lock1 Frame lock with ext_hs1 \ \

1 [ RW | 0 [frame_lock0 Ext_vs1 lock NN
03h 71 Reserved

0 R/IW 0 [pwr_dn RAM Power down T\ \

4.3.2. Scaling Coefficient

Page 0x03h
Index | Default | R/W Bit Name Description
04h | 23h RW | 7:3 Reserved
2:0 |hs_ns_slt H Non_linear scaling step Size v \\\?\>
00: 1/32
01:1/64
02:1/128
03:1/256
04:1/512
05:1/1024
06:1/2032/_>
07:1/40 A
05h | 08h R/W | 7:0 Reserved
06h RW | 7:3 Reserved
0 RW | 2 |skip_| mode _TFor vJowR scaterSver
01b R/W | 1:0 qubl Sca g oeﬁ‘mem/elect
07h 7:3 Reserved
16h | RW | 2:0 [péttern se|ec\\> 000: bypass
/‘\ 001: user defined color (register 35h, 36h and 37h)
010: V gray scale
011: H gray scale
100: gray bar
101: color bar
110: dot
111: color & gray bar
NV
43.3 &@ ttings of Scaler
Page 0x83h
Index | Default Bit Name Description
08h ¢Eh R/W 7:0 |vs_offset1 [7:0] Deinterlace odd vsync offset
09h / R/W | 1:0 |vs_offset1[9:8]
/ 72 Reserved
'Oﬂb/ 2Eh R/W | 7:0 |vs_offset2 [7:0] Deinterlace even vsync offset
—0Bh RW | 1:0 |vs_offset2[9:8]
7:2 Reserved
0Ch | 2Eh R/W | 7:0 |hs_offset1[7:0] Deinterlace odd Hsync offset
0Dh R/W | 1.0 |hs_offset1[9:8]
7:2 Reserved
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OEh | 80h R/W | 7:0 |hs_offset2 [7:0] Deinterlace even Hsync offset
OFh 10b R/W | 1:0 |hs_offset2[9:8]

7:2 Reserved

4.3.4. Output Timing Settings of Scaler

QU

Page 0x03h
Index | Default | R/W Bit Name Description
10h | 00h R/W | 7:0 |panel_htotal[7:0] |Total pixels per line of panel.
11h 4h R/W | 1:0 |panel _htotal[9:8] i\\ \
7:2 Reserved
12h | O0Ch | RIW | 7:0 |panel_hswdth [7:0] |[Hsync pulse width of panel. \% \) / / )/\>
13h Oh R/W | 1:.0 |panel _hswdth[9:8] A (\
7:2 Reserved
14h | 20h | R/W | 7:0 |panel hdisps [7:0]|Horizontal display start, for Iine@{s/\read\\\_/
15h Oh R/W | 1:0 |panel _hdisps [9:8]
7:2 Reserved
16h | 40h R/W | 7:0 |panel _hdispe[7:0] [Horizontal display e;gf(mhw rw
17h 3h R/W | 1:0 |panel _hdispe [9:8]
7:2 Reserved
18h | 36h | R\W | 7:0 |panel_hwins [7:0] |Horizontal s de%&éﬁpelineﬁE
19h Oh R/W | 1:0 |panel _hwins [9:8] /;_""\'9\
7:2 Reserved
1Ah | 56h | R/W | 7:0 |panel hwine [7:0 )—Wonsl\@}[ﬁdj‘r? or pipeline DE
1Bh 3h R/W | 1:0 |panel _hwine [9:8]
7:2 Reserved
Page 0x03h /\<> ( ( \\
Index | Default | R/W Bit Name Description
20h [ 74h [ RW [ 7:0 |panelvidtali:0N WS of Scaler output.
2th | 2h [ RW [ 1:0 [PgnelvtotN(9§]
7:2 Reserved
22h | 03h | RW | 7:0-|pane\vdwdth [RQP|Vsync pulse width of Scaler output.
23h | oh | RW [/1:0 [panel_dewith[9:8]
N /7:2 Reserved
24h 07h R/W \7:0 péqe&vdisps [7:0] |Vertical display start, for line buffer read.
25h | oh [ RWN 0 |pandAdisps [9:8]
L 1\ [\rx Reserved
26h /Slf'ﬁ Q}QN N) panel_vdispe[7:0] |Vertical display end, for line buffer read.
7h[[2h | RW ) 1:07 [panel_vdispe [9:8]
§ \ \ / 72 Reserved
28h \Q7\_B/W/ 7:0 |panel_vwins [7:0] |Vertical start for demo or pipeline DE
29h |+ 0h LRV | 1:0 panel_vwins [9:8]
\ 72 Reserved
2Ah $Fh R/W | 7:0 |panel_vwine [7:0] |[Vertical end for demo or pipeline DE
@/ /2h [ RW [ 1:0 |panel_vwine [9:8]
7:2 Reserved

4.3.5. Test Pattern Settings of Scaler

Page 0x03h
Index | Default | R/W Bit Name Description
30h 00h R/W | 7:0 |crtc2_h_size [7:0] |For test pattern
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Display H size

31h R/W | 1:0 |crtc2_h_size [9:8]

7:2 Reserved
32h | 0Ch R/W | 7:0 |grep_width [7:0] For test pattern 03: define H grep width
33h | 00h R/W | 7:0 |pat_v_width [7:0] |For test pattern 07: define color & gray bar V width
34h R/W | 1:.0 |pat_v_width [9:8] <\

7:2 Reserved
35h | 03h R/W | 7:0 (rgb_pattern [7:0] |User defined color for test pattern \ \
36h | 03h R/W | 7:0 |rgb_pattern [7:0] |User defined color for test pattern T\
37h | 03h R/W | 7:0 |rgb_pattern [7:0] |User defined color for test pattern / N\

4.3.6. Scaling Ratio

»

O
m&g

Page 0x03h
Index | Default | R/W Bit Name Description
40h | 99h | RIW | 7:0 |h_ratio [7:0] Horizontal scaling ratio. \Z \>
41p |39 | RIW | 6:0 |n_ratio [14:8] T\ \\ .
7 Reserved
42h | 33h | RW | 7:0 |v_ratio [7:0] Vertical scaling rati?f( \\
43h 03h R/W | 6:0 |v_ratio[14:8]
7 Reserved
44h RW | 7:0 [dnh_ratio [7:0] Horizont?}/d ca gh\rs
45h R/W | 6:0 |dh_ratio[14:8] [ : A
7 Reserved
46h RW | 7:0 |dh_x_ratio [7:0] \ \ / //
47h RW | 7:0 [dh_x_ratio [15:8) T\ \L /

Up scaling ratio setting:

Pa

clock calculation :

—h

H _:;izeInput

x16384

H _sizepang

H _total o * V _SiZ€pang

panel _clk =

H _total input * V _Size nput

* input _ clk

Voffset = (PANEL_VSIZE/VI_ACTIVE)*(Vl_DISP_STRT-VI_SYNC_STRT+Line_offset))-(PANEL_VSTART-1)

Hoffset

= (voffset-VOFFSET)*PANEL_HTOTAL,;
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4.3.7. Scaler
Page 0x03h A
Index | Default | R/W Bit Name Description
asn | O7h | RW [ 7:0 |non _hstrt [7:0] Non_linear H scaler start \\
aoh |0 RW | 2:0 |non _hstrt[9:8] NN
7:3 Reserved
4Ah [ 07h | RW [ 7:0 |non_hend[7:0] | Non_linear H scaler end N VAN
4gh |0 [ RW | 20 |non_hend [9:8] L (L /2/\ \
73 Reserved
R 7:6 |overlap The data must be 10 ( \/\ \ \ ( K //
50h R 5:4 |even_overlap The data must be 00 \ i ( \ \ \ /
R 3:2 |odd_overlap The data must be 00 V\ \ \ \
R 1:0 |overlap The data must be 00 \ \ \)

4.4. Luminance and Chrominance Adj

4.4.1. Black/White Stretch

Page 0x0Ah

Index | Default | R/W Bit Name Description

00h 00 76 Reserved

0 R/W 0 bwAQ/n\ { $Iack/wh\|t@ E\z‘\retch enable

0th | 08h | RW | 7:0 [df 8% A  \[Moe lumindngeyvalue after BW_strech when y input = 8
02h | 10n [ RW [ 7:0 [xf 16 N\ \Thwlumipégce value after BW_strech when y input = 16
03h| 18h | RW | 7:0 fr:2'4) \ \ 'hse\lum/iua/nce value after BW_strech when y input = 24
04h | 20h | RW | 7:0 {(f;ABQ\ \ \ he luminance value after BW_strech when y input = 32
05h | 40h | RW | 7:0 [xfr 8¢ \ The luminance value after BW_strech when y input = 64
06h | 60h | RIW /fO X(r_96\ \ he luminance value after BW_strech when y input = 96
07h | AOh | RW /f:O \Q(f&1 60 \ B The luminance value after BW_strech when y input = 160
08h | COh R/(V\l ( 7.0 )?ft;j‘QZ Y |The luminance value after BW_strech when y input = 192
09h | EOh [ RMA|\(:0 [xfr 22 The luminance value after BW_strech when y input = 224
0Ah | E8h | RAV 7\.Q xfr_2§2 The luminance value after BW_strech when y input = 232
0Bh ,F-{ \7\:0 xfr_240 The luminance value after BW_strech when y input = 240
0Ch /Fﬁh R/W 7.0/ |xfr_248 The luminance value after BW_strech when y input = 248

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
Weltrend reserves right to modify all information contained in this document without notice.

-44 -




T e WT8871-C/WT8871-E
: eltrenc

Video Display Controller for Analog
Small Size LCD Display System

Output Y’

P i e i
Xfr 248f--=----=""-“"-“--"-“"---- - — o — o —-——- -5
Xfr 240|--------“""-“"“"-"-"“-"“"--“"“"-"-- - - -
xfr 232|-==-=-"---""----------- - oo — o m - — o — -

Xfr 224 -------------------- - - - -

xfr_192------=--=----=----"--"---"-"-"--"-"-—-"-~—-"-~-~-"-~---- -~

xfr_ 160f ---------=--=-=--=-------------------

Xfr 96|- ..

xfr 64 - ____

xfr 32| ___

xfr 24| _______
xfr_16f - ___
xfr_8 |-= \

L x 1 )/) L 1 In t Y
8 16 24 32 64 f/A W 224 232 240 248 25 P

4.4.2. Brightness U

Page 0x0A
Index | Default | R/W Bit Name Description
0 R/W b 'tnis_k%ﬂ Signed bit of brightness
0 = add
60n <\/ 1 = subtract
00h R/W\ \Q:O brit\{s)offset Brightness value +/- (britnis_offset * 2)

Q%Shis register to 00h.

4.3. s
Page 0x
Index | Default | R/W Bit Name Description
10h || | 7:5 Reserved
/ 0 R/W 4 |(div_4 1 = divide sharp_ratio by 4
/ 0 = no operation
/ 0 R/W 3 |div_8 1 = divide sharp_ratio by 8
0 = no operation
0 R/W 2 |div_16 1 = divide sharp_ratio by 16
0 = no operation
0 R/W 1 |overshoot_en 0 = bypass overshoot point
1 = reduce overshoot sharpness ratio according to div_4, div_8
and div_16 settings
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0 R/W 0 |sharp_en 0 = Disable Sharpness
1 = Enable Sharpness
11h | 00h R/W | 7:0 |[sharp_ratio Sharpness Ratio
00h R/W | 7:0 |shrp_noise_thresh [Noise detected threshold
12h 00h : disable noise detection
others : value of noise threshold (\
4.4.4. Hue
Page 0x0Ah
Index | Default | R/W Bit Name Descrlptlon
20h | 00h R/W | 7:0 |cOx[7:0] hue cos®0 coefficient. U
4h | RIW | 3:0 |cOx[11:8] cOx[11]: sign
21h c0x[10]: integer
c0x[9:0]: fraction
7:4 Reserved
22h | 00h R/W | 7:0 |c1x[7:0] hue sin@ coefficient.
Oh R/W | 3:0 |c1x[11:8] CJXHCH: _si?n
c1x[10]: integer
23h c1x[9:0]: fra(gtion /\%\\
7:4 Reserved
24h 00h R/W 7 |hue_en hue enable
6:0 Reserved
Degree Setting Table V/
degree | cos0 sin@ | degree cosﬁ sin0
0 400h 000h -0° /7 4008 00—
1 400h 0124 17 400h\ |\ feeh
2 3ffh 0Z4p V| A-2° 3fth [, ¥dch
3 3ffh 36h : 3fth / |/ fcah
4 3fdh A7 \4\ 3fan fboh
5° 3fch 029h| X\ [ 3fch fa7h
6° 3fah 06BN, -6\ \ 3fah f95h
7 3f8h _1—~Q7dh -7 3f8h f83h
8° 3f6 08fh \g’ 3f6h f71h
9 3fdy” | Walk |\ 3f3h f60h
10° <3ton opRh\ | -10° 3f0h f4eh
11° 3edh\ | Oc3R_} -171° 3edh f3dh
12—\ 3edd 0d5hY| -12° 3eah f2bh
A3—_3e6h\ |\ 0ebh -13° 3e6bh flah
[ 14 | \8ekh 0f8h -14° 3e2h fO8h
[ 45 Addh [~ 109h -15° 3ddh ef7h
4.4.5.\}9/44
Page Ah
Index | Default | R/W Bit Name Description
20h 7:6 Reserved
1{ R/W | 5:0 |sat_coef[5:0] |saturation coefficient
sat_coef[5]: integer
sat_coef[4:0]: fraction
0 R/W 7 |sat_en 1= saturation enable
26h 0= saturation disable
6:0 Reserved
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Magnitude Setting Table
coeff. value coeff. value
1.0 20h 1.5 30h
1.1 23h 1.6 33h
1.2 26h 1.7 36h
1.3 2ah 1.8 3ah
1.4 2dh 1.9 3dh
4.4.6. Color Space Conversion <>
Page 0x0Ah <\A &
Index | Default | R/W Bit Name Description
0 RW | 7 |[cscb_en 1: Enable color space conversion \/\\ \>
0: Bypass color space convegsion,
50h 6:1 Reserved
0 R/W 0 |hdtv_sel 1: HDTV conversion (g{\f&é) \\ N~
0: SDTV conversion (BY.601)
0 RW | 74 Reserved
3:0 |bca_demo_en |demo enable;
51h bit-3: blag & eieh
b{-2: shafp
itN: hu )/)
bN-0\satuyati
son| O RW | 7:0 Fz)c;a_tie\:mo_st[? WWm HS, it is 16 times of pixel count
53h 1Dh RW | 7:0 bf: Qg}no_sp( KCA dem\S s\mg, count from HS, it is 16 times of pixel count
0 A\ U\,
4.5. OSD
4.5.1. OSD Displ indo
Page 0x0Ch m
Index | Default | R/W Bit Name Description
00h | 00 [TRAV N7 |osd0_hs[7:0] OSD window0 Horizontal Start position
01h | gom [TRMA| R0\ |osdO_hs[10:8]
02h [ foph | RW | 7:8]osd0_vs[7:0] OSD window0 Vertical Start position
h|{o8H | RW || 1:0 [osd0_vs[9:8]
4h \QOH\ RMI 5:0 |osdO_r _no[5:0] OSD window0 Row numbers
05h AObkL W 6:0 |osd0_c_no[6:0] OSD window0 Character numbers each row
06h \0 R/W 7 |osd0_en OSD windowO display enable
] Jo [RW [ 6 Josdo_fd OSD window0 fade in/out function enable
0 R/W | 5:4 |osd0_alpha[1:0] OSD windowO display alpha blending
/ 00= OSD only
/ 01=0SD 3/4
10= OSD 2/4
11= 08D 1/4
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0 R/W | 3:2 |osd0_hx[1:0] OSD windowO character high magnify
00= 1X(18 scan lines)
01=2X(36 scan lines)
10= 3X(54 scan lines)
11= 4X(72 scan lines)
0 1:0 |osd0_wx[1:0] OSD window0 character width magnify

00= 1X(12 pixels)
01= 2X(24 pixels)
10= 3X(36 pixels)
11= 4X(48 pixels)

4.5.2. OSD Display window 1

ENZ)N

Page 0x0Ch
Index | Default | R/W Bit Name Description
08h | 00h R/W | 7:0 |osd1_hs[7:0] OSD window1 Horizontal Start'gosi \/
09h | 00h R/W | 2:0 |osd1_hs[10:8] z\< \\
O0OAh | 00h R/W | 7:0 |osd1_vs[7:0] OSD window1 Vertical St osﬂm\\/}
0Bh | 00h | RAW | 1.0 |osdl vs[9:8] /%p\
0Ch| 00h | RW | 50 [osd1_r no[5:0] |OSD window! Rowafimfbers \ \ —
obh| 00h | RW | 6:0 |osd1_c_no[6:0] OSD window1 Chakactar numbé§ egch row
0 R/W 7 |osd1_en OSD window1 dlsplakeﬁqble
0 [RW]| 6 [osd1_fd OSD wingdW, /'Liq(%\n/o\(t ft\nctlon enable
0 R/W | 5:4 |osd1_alpha[1:0] oswii\ 1 pldy alph\}uendmg
< 0= O3D (onl
0%= OSSP
N02AOSR 2/
L J11= SdsD\/4
0 RW | 3:2 |osd1Ax[1:0]
OEh Qi&
0 R/W | 1.0 w OSD window1 character width magnify
00= 1X(12 pixels)
/‘\ 01= 2X(24 pixels)
10= 3X(36 pixels
N /\\\> : 11= 4XE48 gixels;
4.5.3. e\\nfout
Page Qx(0Ch
Index | Default | R/W Bit Name Description
OFh | QO | R/ 0 [LD_osd de Load OSD DE counter to start fade in/out function (0—1)
10h | 0 7:0 |osd_de hs[7:0] OSD DataMaskEnable Horizontal Start position
11h §{ Bonh | RW | 2:0 [osd_de_hs[10:8]
12h || ponh | RW | 7:0 [osd_de_vs[7:0] OSD DataMaskEnable Vertical Start position
13h /bOh R/W | 1:0 |osd_de_vs[9:8]
/'IA'ﬁ 00h R/W | 7:0 |osd_de he[7:0] OSD DataMaskEnable Horizontal End position
| 15F | 00h | R\W | 2:0 [osd_de_he[10:8]
16h | 00h R/W | 7:0 |osd_de ve[7:0] OSD DataMaskEnable Vertical End position
17h | 00h R/W | 1:0 |osd_de_ve[9:8]
0 R/W 7 |inc_hs 1 =o0sd_de_hs add cnt_hs per frame
18h 0 = osd_de_hs subtract cnt_hs per frame
00h R/W | 6:0 |cnt_hs[6:0] OSD DataMaskEnable Horizontal Start counter
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0 R/W 7 |inc_vs 1 =o0sd_de_vs add cnt_vs per frame
19h 0 = osd_de_vs subtract cnt_vs per frame
00h R/W | 6:0 |cnt vs[6:0] OSD DataMaskEnable Vertical Start counter
0 R/W 7 |inc_he 1 = osd_de_he add cnt_he per frame
1Ah 0 = osd_de_he subtract cnt_he per frame A
00h R/W | 6:0 |cnt_he[6:0] OSD DataMaskEnable Horizontal End counter < \
0 R/W 7 |inc_ve 1 = 0osd_de_ve add cnt_ve per frame \\
1Bh 0 = osd_de_ve subtract cnt_ve perh frame
00h R/W | 6:0 |cnt_ve[6:0] OSD DataMaskEnable Vertical End counter \ \
4.5.4. OSD Blinking <> @ &
Page 0x0Ch A
Index | Default | R/W Bit Name Descrlptlon
Oh R/W | 7:4 |BP[3:0 Blinking period (Unit : frame
>0 BP[3] _g‘r 128 E‘rames ) x&v
BP[2] = 1 : 64 frames
BP[1] =1 : 32 frames
1Ch BP[0]=1:16 frames
Oh R/W | 3:0 |BD[3:0] Blinking ON duty
BD[3]=1:1/2 blirkin perlod
BD[2]=1:1/4 blin 'ng eriod
BD[1] = 1 period
BD[0] = mlln |ng e d
4.5.5. OSD RAM/ROM control x&@
Page 0x0Ch
Index | Default | R/W Bit Name Description
0 RW [ 7 [rof\eank | | [Font ROM\bank select
0 R/IW 6 uq(ran'(ék\ \ \ CIear}JEDP’RAM, active high
0 |RW ]| 5 shbaAnXr\ \_[Steaf PSP RAM, active high
ioh L0 [ RW [ 4 [t fam ck _\ Totear CLUT RAM, active high
0 R/IW 3 }Qfﬁ&pﬁ\ \ \ Font ROM power down, active high
0 RW | 2 df | ré(n \pd \ |UDF RAM power down, active high
0 R/IW d§p raﬁ\_bq DSP RAM power down, active high
0 RQIN ut am _) CLUT RAM power down, active high
indow Index
Index Default Bit Name Description
20h ()Qh 7:0 |dsp0_inx[7:0] Display WindowO Index Address
21h [ OR ~R7W 0 [dsp0_inx[8]
22h ¢Oh R/W | 7:0 |dsp1_inx[7:0] Display Window1 Index Address
23h ] poh [ RW | 0 |dsp1_inx8]

.7. User-defined Font Index

Page 0x0Ch

Index | Default | R/W Bit Name Description
24h | 00h R/W | 7:0 |udf1_inx[7:0] User define 1-bit color font Index Address
25h | 00h R/W | 2:0 [udf1_inx[10:8]
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26h | 00h R/W | 7:0 |udf2_inx[7:0] User define 2-bit color font Index Address

27h | 00h [ RW | 2:0 |udf2_inx[10:8]

4.5.8. OSD Shadow/Border

Page 0x0Ch
Index | Default | R/W Bit Name Description
00h | RIW 7 |char_tran_en 1= Enable character transparent 0\
28h R/W 6 |char_bbr md 1= Shadow mode //> \
0= Border mode A A
R/W | 5:0 |[char_bdr_bg[5:0] OSD ROM font character border‘sveblor ( & // \ \
7:5 Reserved
2%h RW [ 4 |osdO_bdr_md OSD display window0 borddr loge; "Q” Bordef, “i(” Sadow
00h | RW | 3:0 |osd0_bdr_w[3:0]  |OSD display window0 borderwidth; “00R0™\diskle
2Ah 7:6 Reserved
00h | RW | 5:0 |osd0_bdr_bg[5:0] |OSD display window0 perder's color\  \
7:5 Reserved
2Bh| 0 |RW [ 4 [osd1_bdr_md 0SD display wingaff bordex mde; “D=Border, “1” Shadow
0 RW | 3:0 |osd1_bdr_w[3:0] |OSD display window} border Wdf; “0000” disable
2Ch 7:6 Reserved
00h | RW | 5:0 osd1_bdr_bg[5:0] |OSD djsplay-wimiowNboxder's color

4.5.9. External OSD

N

Page 0x0Ch
Index | Default | R/W Bit Name Description
7 Reserved
0 R/W 6 x;Zogd 20 \ \ 1= e)wgb)\e external OSD
0 |RW ]| 5 [ek osddseN \ \ l0=éxternal OSD is from VD[6:0]
2Dh 0 R/W 4 ég(tquﬁ _i}\( \ [Epeble external OSD intensity input
0 R/IW 3 é,e\_&\k_po?\ \ polarity of Fast blanking
0 R/W int_ I\ \ > polarity of Intensity
0 R/W 1 FN(_ po\ \ M polarity of H/V sync output
0 RV /0 Qlk&pol \ > polarity of PCK output
4.5.10. B ro&Window
0SD B W in
Page Qx0Ch
Index | Default | R/W Bit Name Description
30h | QOM\ | RMV/| 7:0 |osd_win0_hs[7:0] OSD Background window Horizontal Start position
31h ba 2:0 |osd_win0_hs[10:8]
\ 7:3 Reserved
32h ] ¢Oh R/W | 7:0 |osd_win0_vs[7:0] OSD Background window Vertical Start position
y Joh [ RW [ 1:0 |osd_win0_vs[9:8]
7:2 Reserved
jA*h/ 00h R/W | 7:0 |osd_win0_he[7:0] OSD Background window Horizontal End position
35h 0 R/W | 2:0 |osd _win0_he[10:8]
7:3 Reserved
36h | 00h R/W | 7:0 |osd_win0_ve[7:0] OSD Background window Vertical End position
37h 0 R/W | 1:0 |osd_win0_ve[9:8]
7:2 Reserved
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0 R/W 7 |osd_winQ_tran Background window transparent when character BG is
transparent
0 R/W 6 |osd_winO_en Enable Background window
38h 0 R/W | 5:0 |osd_win0_bg[5:0] Background window color index
R[7:0] = { bit[5:4], bit[5:4], bit[5:4], bit[5:4] }
G[7:0] = { bit[3:2], bit[3:2], bit[3:2], bit[3:2] } <\
B[7:0] = { bit[1:0], bit[1:0], bit[1:0], bit[1:0] }
Page 0x0Ch \\
Index | Default | R/W Bit Name Description
3Ah| 00h | RW | 7:0 [o0sdO_bg_r[7:0] OSD display window0 background color R sgfjrig. Y \ '\ >
3Bh | 0oh | RW | 7:0 [osd0_bg_g[7:0] OSD display window0 backgrourd olor G Sefting,/ A\ "\
3Ch| o0oh | RW | 7:0 [osd0_bg b[7:0] OSD display window0 backgroundcoler B §ettind. /|
3Dh | 00h | R/W | 7:0 |osd1_bg_r[7:0] OSD display window1 backgbund c&lo}\f{ sett/ng{ / /
3Eh | 00h | RW | 7:0 |osd1_bg g[7:0] OSD display window1 backgodviddcoldy G\setting~"/
3Fh | 00h | R/W | 7:0 |osd1_bg_b[7:0] OSD display window1 backg(éyn&\color\Q sxtting—

bit[7] : 1 = Enable OSD display window background gradual color
bit[6] : 1= decrement color, 0= increment color

bit[5:4] :
00 = noinc./dec.

01 = inc/dec “2” every character

10 =

inc/dec “4” every character
11 = inc/dec “6” every character
bit[3:0] : OSD display window background initial s
display window background color initial value = §

%

bit[2], biff2], bit[1], bit[1], bit[0], bit[0] }

4.6. TCON

Universal Type TCON settin

4.6.1. Universal Type Settiggs

Page 0xODh /1\

Index | Default | R/W Bit Name Description

00h | 00h R/W \7:0 tc?)(uﬁ\ths[7:0] TCONA Horizontal output star position
o1 |00 A-RW X0 |tcond” hs[10:8]

N\

Reserved

o2h | foph | RMW tconA_hw[7:0] TCONA Horizontal output width
@h \okn | RV || 2:0 JtconA_hwi10:8]
\ / 7:3 Reserved
04h /\Obh\ _,RJW 7:0 |tconA _vs[7:0] TCONA Vertical output star position
o5h goh | RW | 1:0 [tconA_vs[9:8]
/ 7:2 Reserved
06 /OOh R/W | 7:0 |[tconA_vw[7:0] TCONA Vertical output width*
M 0 R/W 7 |tconA_ctl[7] “0” toggle follow active
“1” toggle follow vent bit0
0 R/W 6 |tconA_ ctl[6] “0” Reset toggle at Vsync falling edge
“1” Reset toggle at Vsync rising edge
0 R/W 5 |tconA_ ctl[5] 0: Enable vertical component

1: Disable vertical component

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
Weltrend reserves right to modify all information contained in this document without notice.
-51-



WT8871-C/WT8871-E

- L'_“_'_L' n El o Video Display Controller for Analog
= mm o mEEw Small Size LCD Display System
0 R/W 4 |tconA_ ctl[4] 0: Enable horizontal component
1: Disable horizontal component
0 R/W | 3:2 |tconA_ ctl [3:2] 11: TCONA, 1'b0 alternation each frame
10: TCONA OR 1'b0
01: TCONA AND 1°b0
00: TCONA <\
0 R/W 1 |tconA_ctl[1] 0: Output toggle disable \\
1: Output toggle enable
0 R/W 0 |tconA_ ctl[0] 0: Output negative polarity /—\ \
1: Output positive polarity ) A
Page 0x0Dh <>/\ U //\ S
Index | Default | R/W Bit Name Description
08h | 00h R/W | 7:0 |tconB _hs[7:0] TCONB Horizontal output s rM ion v
09h 00h R/W | 2:0 |tconB _hs[10:8] \\
7:3 Reserved
0Ah | 00h R/W | 7:0 |tconB_hw[7:0] TCONB Horizontal/\7(t iﬁh\ w v
0Bh 00h R/W | 2:0 |tconB_hw[10:8] m
7:3 Reserved
och| 00h | RW | 7:0 |tconB_vs[7:0] TCONB \lerti ouﬁs&\tir positién
0Dh 00h R/W | 1:0 [tconB_vs[9:8] /;'m\‘:s\
7:2 Reserved
OEh | 0oh | RW | 7:0 [tconB_ww7:0] '\ NCONBWextical olitgut width*
0o |RW/| 7 ltconB ctif7] /\ L \%er
R 7/~ X gyl cnt bit0
o |[rRw/| 6 @ﬂ[es] ( K “0”Redet toggle at Vsync falling edge
A\ “1” e& toggle at Vsync rising edge
0 R/W 5 tc&q%é&{ﬁ)\\\ E:l_;péble vertical component
isable vertical component
o |rRwW| 4 W&nm]\g 0: Enable horizontal component
OFh 1: Disable horizontal component
0o | RrRW t nB_%Z] 11: TCONB, TCONA alternation each fram

10: TCONB OR TCONA
01: TCONB AND TCONA
00: TCONB

Va

tconB_ ctl[1]

0: Output toggle disable
1: Output toggle enable

Y%

0 |tconB_ ctl[0]

0: Output negative polarity
1: Output positive polarity

Q
o

Page %0
Index | Default | R/W Bit Name Description
10h pOh R/W | 7:0 |tconC _hs[7:0] TCONC Horizontal output star position
,14{ /ooh | RW | 2:0 |tconC _hs[10:8]
7:3 Reserved
12h | 00h R/W | 7:0 |tconC_hw[7:0] TCONC Horizontal output width
13h 00h R/W | 2:0 |tconC_hw[10:8]
7:3 Reserved
14h | 00h R/W | 7:0 |tconC_vs[7:0] TCONC Vertical output star position
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00h R/W | 1:.0 |tconC_vs[9:8]

15h
7:2 Reserved
16h | 00h R/W | 7:0 |tconC_vw[7:0] TCONC Vertical output width*
0 R/W 7 |tconC_ctl[7] “0” toggle follow active

“1” toggle follow vent bit0

0 R/W 6 |tconC_ ctl[6] “0” Reset toggle at Vsync falling edge
“1” Reset toggle at Vsync rising edge

0 R/W 5 |tconC_ ctl[5] 0: Enable vertical component
1: Disable vertical component /\ >

0 R/W 4  |tconC_ ctli[4] 0: Enable horizontal component ((/ \
17h 1: Disable horizontal component /\

0 R/W | 3:2 |tconC_ ctl [3:2] 11: TCONC, TCONB alternatjon ea m"
10: TCONC OR TCONB
01: TCONC AND TCONB

00: TCONC
0 R/W 1 |tconC_ ctl[1] 0: Output toggle disab v
1: Output toggle enx/\
0 R/W 0 |tconC_ ctl[0] 0: Output negati larity
1: Output positive\pol rlty
\Z4

Page 0x0Dh /\

Index | Default | R/W Bit Name Description

18h | 00h | RW | 7:0 [tconD _hs[7:0] '\ TCO&anJ 7Jtputstarposition

1oh |00n | RW | 20 |tconD _hs[10:8] N
7:3 Reserved

1Ah | ooh | RW | 7:0 [tconeywi7:01[ [ TéﬁN{XHorizontal output width
) w10,
1gp |00 | RW | 2:0 [;60pD hyq10:8] \

7:3 Reserved

1Ch | 00h R/W | 7:0 }gor\{Q{vs[)\O]\ ND Vertical output star position

iop 000 [ RW [ 10 [foenDNs[o:EN "\
Reserved

P2
1Eh | 0Oh 70NtesnD_W[A] TCOND Vertical output width*

7 |tson _ctl[\i‘]/ “0” toggle follow active
“1” toggle follow vent bit0

}s\ tconb/_ ctl[6] “0” Reset toggle at Vsync falling edge
5

“1” Reset toggle at Vsync rising edge

tconD__ ctl[5] 0: Enable vertical component
1: Disable vertical component

NS

0\ 4 |tconD_ ctli[4] 0: Enable horizontal component
1Fh La 1: Disable horizontal component
0 3:2 |[tconD_ ctl [3:2] 11: TCOND, TCONC alternation each fram

10: TCOND ORTCONC

/ 01: TCOND AND TCONC
00: TCOND
/ 0 R/W 1 |tconD_ ctl[1] 0: Output toggle disable
1: Output toggle enable
0 R/W 0 |tconD_ ctl[0] 0: Output negative polarity

1: Output positive polarity
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4.6.2. Specific Type TCON Settings

QA

Page 0x0Dh
Index | Default | R/W Bit Name Description
20h | 00h R/W | 7:0 |STH_hs[7:0] STH Horizontal output start position \
oy 00N | RW | 2:0 |STH_hs[10:8] T\
73 Reserved
22h | 00h R/W | 7:0 [STH_hw[7:0] STH Horizontal output width (\ / ( //\ \
23h | 00h | R/\W | 7:0 |OEH_hs[7:0] OEH Horizontal output start positio n7\ % // ) ,\>
24h | 00h [ RW | 7:0 |OEH_hw(7:0] OEH Horizontal output widtf\ A \ \ [ ( //
25h | 00h | R\W | 7:0 |OEV_hs[7:0] OEV Horizontal output start})/osn(fn \\ \\_/
26h | 00h | RW | 7:0 |OEV_hw(7:0] OEV Horizontal output wudth\/\ \ \ \
27h | 00h | R'W | 7:0 |CKV_hs[7:0] CKV Horizontal outpujstartyositi \ A
28h | 00h | RW | 7:0 |CKV_hw[7:0] CKV Horizontal ?{7{: \ \:7
sop | 00N | RW | 2:0 |CKV_hw[10:8] /’WH“\
73 Reserved
2ah | 00h | RW | 7:0 [STV vs[7:0] STV Veptical olitut Stam\position***
ooh |RW | 7 |QiH polarity . |Qtinjfigrpolagy” N\
2Bh
R/W | 6:0 |Q1H_hs[6:0] Q‘I(\/(C(()I\/I/fgiél @\put)\{lorizontal output start position****
73 Reserved
0 R/W 2 |vS_edge_Sel f )&Wsync falling edge
A f at Vsync rising edge
2Ch| o |[RwW | 10 ?«@ﬁ_sa & RFT same as Q1H
x 01 _RFT same as Q1H
=Q1H_RFT same as TCONB
= Q1H_RFT same as TCOND

%\l} Selection

4.6.3. Spemﬂ/tif(\
Page 0x0Dh
Bit

Index | Default | R/W Name Description
son |0 =RW 30 [tcondsel[3:0] 0000= Low;
: ) 0001= STH;
/0 TR \'(2\ tcon1_sel[3:0] 0010- OEH.
" [ | rWY 38 tcon2_sel[3:0] 0011= OEV-
\% L& | rRW | 74 [tcon3 sel[3:0] 810?= gKV;
: : 01= STV:
won | \ON | RO/ 3:0 [tcond_sel[3:0] 0110= Q1H.
0N B | 7:4 |tcons_sel[3:0] 0111= TCONA:
1o | RW | 30 [tcon6_sel[3:0] 1000= TCONB;
SN 0 TRW | 74 Jicon7_sell30 1001= TOONC:
4 _|tcon7_sel[3:0] 1010= TCOND:
/ 0 R/W | 3:0 |tcon8_sel[3:0] 1011=invert TCONA,;
0 RW | 7:4 |tcon9_sel[3:0] Hg?= !”Ve:tt ¥88H(B;i
=inve :
35h 0 R/W 3:0 |tcon10_sel[3:0] 1110= invert TCOND:;
0 R/W | 7:4 |tcon11_sel[3:0] 1111= High;
4.7. DAC
Page OxOEh
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Index | Default | R/W Bit Name Description
1 R/W 7 |dac_pd DAC power down control.
0 = normal
00h 1 = power down
6:0 Reserved
7:5 Reserved
1 R/W 4 |dac_bsel DAC bias current selection T\
01h | 0011 | R/W | 3:0 |dac_isel[3:0] Output driving current selection.
0000 : minimum current
1111 : maximum current ;\\
7:4 Reserved
Oh R/W | 3:0 |dac_dr[3:0] R-channel clock delay select N\ D
02h 0000 = minimum delay
1111 = maximum delay %x
03h 7:4 Reserved
oh [ RW | 3:0 |dac_dg[3:0] G-channel clock delay sglest,.  \_\  \)
04h 7:4 Reserved
oh | RW | 3:0 |dac_db[3:0] B-channel clock defefy felect \ \
7:4 Reserved
Dh R/W | 3:0 |dac_vref[3:0] Output amplitude cohtro! N
05h 2. .TQV X 3.85V)
4 10X ~'8.90V)
: 47: (ﬂv ~4.6V)
4.8. VCOM w
Page OxOEh /\<> m
Index | Default | R/W Bit Name Description
1 RW [ 7 |vcoma wgyoutput power down control.
0 = p6rmal
A 1 = power down
6:5 Reserved
10h 10h R/W /4/0_\ comO] V' lvcom output amplitude selection
00000 : 2.2V
00001 : 2.25V
k 11111 : 3.75V
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4.9. DC-to-DC
Page OxOEh
Index | Default | R/W Bit Name Description
1 R/W 7 |dc2dc2_off Power down control of DC2DC-2
0 = normal
1 = power down
1 R/W 6 |dc2dci1_off power down control of DC2DC-1
0 = normal
1 = power down T\
5:3 Reserved
010b | RIW | 2:0 |clkp_sel PFM frequency selection. @
20h operating frequency = system clock% n
000:n=4
001:n=6
010 : n = 8 (default)
011:n=12
100:n=16
101:n=24
110:n=32
111:n =48
21h 20h R/W | 7:0 |pgood_cnt Defines power fail |a If the no switching within the
counter perl . p \| will be s
- R 7 |pgood2 power g C 2
0 = powe a|I
(\1 = poyver gogd /\
22h - R 6 |pgood1 wer go tus of PC2DC-1
r f4il
/ : WEX go
5:0 Reserved
0 w 7 t clr Clea er fail interrupt of DC2DC-2, generate a falling edge
to cle er fail flag
23h 0 w 6 il \\\’de}{ower fail interrupt of DC2DC-1, generate a falling edge
i to clear power fail flag
5:0 Reserved

s
©@

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
Weltrend reserves right to modify all information contained in this document without notice.
-56 -




eltrend

WT8871-C/WT8871-E

Video Display Controller for Analog
Small Size LCD Display System

4.10. Output Processor

4.10.1. Gain and Offset
Page 0x0Bh A\
Index | Default | R/W Bit Name Description
1 R/W 7 |gOx[7] Gain coefficient for data_i[23:16] (red)
: : 0x[7]: integer
00h 0 RIW | 62 190x(6:2] SOXEG]:Z]:frgction \\
1:0 Reserved
1 RW | 7:2 |g1x[7] Gain coefficient for data_i[15:8] (g (/( / \
: 1x[7]: integer
01h 0 RV 91x[6:2] g1x{6]:2]: fre?ction /\
1:0 Reserved
1 RW | 7:2 |g2x[7] Gain coefficient for data_i[7:o\1%(f\\d< \\\\y
ooh| O | RW g2x([6:2] 92x[7]: integer
g2x[6:2]: fraction
1:0 Reserved
0 RW | 7:0 |bOx[7:0] Offset coeﬁmentf;\r\]é
03h b0x[7]: sign
b0x[6:0]: intege
04h | 0 RW | 7:0 |b1x[7:0] offset coefficient for Yatd\ i[15:8]
0sh| 0 [RwW [ 7:0 [b2x[7:0] offset cogfficient Rx data W7:0]
0 R/W 7 |gob_en Gain/offs¢t engble \>
06h Q%: engble ﬂ
= disab
6:0 Reserved
Formula of gain and offset adJu ent: v
R*™ = g0x * R +
G" =gix * G + p1
B" = g2x * B + bx
4.10.2. Gamma farre\
Page OxOFh
Index | Default RIW B|t Name Description
0 RV ]\ gm\q‘_e)\ Gamma correction enable
gma_pd Gamma RAM power down

o

08h

0 = RAM enable
1 = RAM disable

gma_demo_en

Gamma function demo enable
0 = mask demo signal from scaler
1 = demo enable

W

4:0

Reserved

note:
cl

Gamma RAM address :

r/igma_en before R'W gamma RAM

Page 0x40h : Red gamma table for 00h~FFh

Page 0x42h : Green gamma table for 00h~FFh
Page 0x44h : Blue gamma table for 00h~FFh
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4.10.3. Dithering

Page OxOFh
Index | Default | R/W Bit Name Description
0 R/W 7 |dith_en 0 = dithering disable
1 = dithering enable AN
0 R/W 6 |dith_pd Dither RAM power down
0 = RAM enable
1= RAM disable
0 R/W 5 |dith_demo_en dither function demo enable
0 = mask demo signal from scaler
09h 1 = demo enable /\ />
0 R/W 4 |dith_static static randoming enable u
0 = random stream is continuqu
1 = random stream is reset f acb\f
3:2 Reserved
0 R/W 1 |difu_en error diffusion dithering enable{,\
0 R/W 0 |rand_en random dithering enable

4.10.4. Output Formatter

o\l

Page OxOFh
Index | Default | R/W Bit Name Description
7 Reserved
0 RW | 6 |even_swap ¢ \Don't darp AV
0 R/IW 5 |clk_inv \ D@n’t c\ar&/ ) }
0Ah 0 R/W 4 |rb_swap Re\d(BIGQ cé@r swép/
0 R/W 2 |analog_| toggle/ e data far analog panel
(% output inversion if Q1H = '1' for analog panel
1 = data Rutput inversion if Q1H = "0’ for analog panel
o |[RW][ o0 vﬁa,r{el _wi@  \ \ |Don’tlcive
7:3 Reserved
0 R/W 2 |vs_i *pané VS polarity inversion
0 = active high (positive polarity)
1 = active low
0Bh 0 R/W //,\ _mv% panel HS polarity inversion
(\/ 0 = active high (positive polarity)
1 = active low
0 R/W\ X de}&n} panel DE polarity inversion
0 = active high (positive polarity)
1 = active low

30N

and Miscellaneous Functions

Timen 01
UA
| Page/|Index |Default [RW [Bit |Name Description
% 0 7 |mcu_ram pd 1: power down mcu ram.
00H 0 R 6-3 |en_p1[3:0] 1: Enable 8051 P1.0-P1.3
0 2 |en_uart 1: Enable 8051 UART
0 1-0 RSV
13H | 01H 00 R/W | 7-0 |ferom_enbyte1 enable flash-eeprom verify byte1 (0x55h)
13H | 02H 00 R/W | 7-0 |ferom_enbyte2 enable flash-eeprom verify byte2 (0OxAAh)

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.
Weltrend reserves right to modify all information contained in this document without notice.

-58 -




" = (I B B T ] WT8871-CIWT8871-E
"N L'l“ e d: Video Display Controller for Analog
samEaaasa Small Size LCD Display System
13H | 03H 00 R/W | 7-0 |ferom_adr[23:16] flash-eeprom address[23:16]
13H | 04H 00 R/W | 7-0 |ferom_adr[15:8] flash-eeprom address[16:8]
134 | O5H 00 R/W | 7-0 |ferom_adr[7:0] flash-eeprom address[7:0]

0 7 |ferom_start flash-eeprom command execute (auto-clear)

0 6-3 |reserved A
13H | 06H 0 R/W | 2 |ferom erase flash-eeprom sector erase (auto-cleSr)\

0 1 |ferom_program flash-eeprom byte program (auto-clear) \

0 0 |ferom read flash-eeprom byte read (auto-clear) \ \
13H | O7H 00 R/W | 7-0 |ferom data flash-eeprom 1/O data N\
13H | 08H D8 |R/W ] 7-0 |[ferom ercmd flash-eeprom sector erase comifignd \  \ \
8051 SFR Register for ICE control : O / /\\ vV
Index | Default | R/W Bit Name Description
A8h 7:6 Reserved

0 lie_ex0 8051 INTO enable N2 NN
FFh 7:0 |cpu_sfr_ff BIT7 : reset BREAK counter(*fgte™  \_\
*note1

Because 8051’'s INTO is used for ICE function, 8051’s interrupt 3

be high priority in using break point or force break.

Before leaving the INTO ISR (interrupt service routine), SFR 0x

only one instruction executed at continuation force break.

C mWnd INTO must

st be set to 1. It ensures

Ex. INTOSB : ...
mov FFH, #80H
reti @
4111. I’C
Slave 12C status register - P@Bh
Index | Default | R/W Bit Name Description
0 R 7 xqz \Th:s/b is set when data is received, transmitted.
data depend on di2c_rt_slt)
0 R 6 ﬁLZQ_i}\{_storx \ 1: STOP phase interrupt.
0 R | s5-JdicXirsh  \ ) |1: First phase
20h 0 R A~ aigc_al " |1: Read phase, 0:Write phase.
0 Rall/ 3 N2y rxnak ) 1: NACK, 0:ACK (receive ack bit)
0 RO\ 2 [diRe & _ful 1: RX FIFO full
1 RN\ \1 [di2c\)X empt 1: TX FIFO empty
2 1 R\ 0\ |di2c_bb 1: SCL & SDA busy
210 [ O di2c_slv 1: receive slave address
{ ( \ 6:0” Reserved
Slave I>Q ntr r%;isters - Page 0x13h
Index | Default | R/W Bit Name Description
|0 RW | 7 |di2c_en 1= slave i2c enable
}O R/W 6 |di2c clr_rt 1= Clear transmit/receive interrupt
/ 0 R/W 5 |di2c_clIr_stp 1= Clear STOP phase interrupt
0 R/W 4 |di2c_clr_rx 1= Clear RX FIFO index
,22?1/ 0 R/W 3 |di2c_clr_tx 1= Clear TX FIFO index
0 R/W 2 |di2c_wait 1= enable pull low scl when 9" bit
1 R/W . 1= NACK
1 |dize_txnak 0= ACK (Transmit ACK bit)
0 R/W 0 Reserved
23h 0 R/W | 7:6 |di2c_rt_slt 00= don’t enable int_rt when received the data.
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01= one byte (The int_rt will be set when one byte data is
received, transmitted).

10= two bytes (The int_rt will be set when two bytes data is
received, transmitted).

11= four bytes (The int_rt will be set when four bytes data is
received, transmitted). A\

Slave 12C Receive & Transmit Buffer Registers - Page 0x13h

Index | Default | R/W Bit Name Description
24h | FFh | RW | 7:0 [di2c_dtx Transmit buffer /7 N\ \
25h | FFh | R [ 7:0 |di2c_drx Receive buffer N [ /A \
26h 74 Reserved

Oh R | 3:0 |di2c_dtx_idx Transmit buffer index A S\ [[( /]

74 Reserved

27h . . . .

Oh R 3:0 |di2c_drx_idx Receive buffer index 2/\ \

Slave 12C Address Register - Page 0x13h

Index | Default | R/W Bit Name Description
28h | AOH [ RW | 7:1 [di2c_sadr Slave address (N ( T\\>
411.2. IR O x
Page 0x13h Q
Index | Default | R/W Bit Name Description
0 RW | 7 len_ir _|Epable IR_ /
o [rw] © R [ RS e
o Jrm ] ® L\ \\J?é};"f"gg:t:sgg;f
0 R/IW 4 ép 0/ |nt\ \ [Enabfe over flow interrupt
30h 0 RW | 3:2 Qs I[1.0% pre-scaler of IR counter clock
00 = 64us
/_\ 01="1us
/\\ 10 = 256us
11 =1ms
1 cINr_\Qt Clear interrupt “ir_int” ”(write ‘“1” & “0”)
\Q Reserved
\Z%\ Reserved
X ir_hl Read IR input H/L
1 ir_ovflw IR over flow interrupt
0 |ir_int IR interrupt = edge trigger + overflow
7:0 !r_cnt[7:0] IR counter value
7:0 |ir_cnt[15:8]
7:0 |ir_ov_cnt[7:0] IR overflow counter low byte
7:0 |ir_ov_cnt[15:8] Ifir_cnt=ir_ov_cnt — ir_ovflw =1
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4.11.3. PWM
Page 0x13h
Index | Default | R/W Bit Name Description
40h 80h R/W | 7:0 |pwmO[7:0] PWMO output data
41h | 80h | RW | 7:0 [pwm1[7:0] PWM1 output data <\
42h | 80h | RW | 7:0 [pwm2[7:0] PWM2 output data N\
43h | 8oh | RW | 7:0 |pwm3[7:0] PWM3 output data NN
0 RW | 74 Reserved
44h | oh R/W | 3:0 [pwm_en[3:0] 1 = PWM output enable
0 = PWM output disable % \
0 R/W 7 |enpwml 1 = enable low frequency PWM at MO //\ \
45h 0 = normal PWM
00h 6:0 |pwm_clk[6:0] Select low frequency PWM cI < /
The clock is 1MHz + (PWM_ ]
46h | 00h R/W | 7:0 |pwml[7:0] PWML output data
4.11.4. Keypad ADC
Page 0x13h
Index | Default | R/W Bit Name Description
1 RW | 7 |pd_ladc power dgfyprkeypat, ADC \
0 R/W 6 |str_cvt Start in ;rczyie/s/l wh@?set to “1”. It will be cleared to “0”
<\\Q/hen |s(3
0 R/W 5 |adc_clk Q C c cK sdurce.
50h ﬂ TNMKz
4 Reserved
0 [RwW]| 3 [efidaf3,n |\ \ Enable chpnnel 3 when it is set.
0 R/W 2 er(_ag{zﬁ\ \ \ Enapfe/c?ﬁannel 2 when it is set.
0 R/W 1 9{>| \ \ Engbh/e channel 1 when it is set.
0 R/W 0 @)n aB{O] \ \ Enable channel 0 when it is set.
5th | ooh | R | 7:0 [ad_SQAN:0] \ \ |KPADC channel 0 data
52h | 00h | R |,7:0 Jad_chB[7X] KPADC channel 1 data
53h | 0oh | R_[/7:0 Nad\chC[X0OD KPADC channel 2 data
54hn | ooh | RV[(7:0 [as_ekD[7:0] KPADC channel 3 data
55h | 0 | RWMX[\7 |ad\bid select ADC compare bigger
> \6X% Reserved
0 \&Q>adc_wk_ch[3:0] ADC keep “ADC_WK _V[7:0]” voltage to monitor ADC channel
“ADC_WK_CHI3:07"
h|\8%h [ RW | 7:0 |adc_wk v[3:0] ADC wake up voltage
\__/
4.1 rupt
Interrupt1 Enable Register
Page/0x13h
Index | Default | R/W Bit Name Description
,66{ 0 RIW 7 lie din Enablle. DIN iqterrupt include H V loss, resolution change
- VIN rising/falling...
0 R/W 6 |ie_vso Enable VS output rising or falling edge interrupt
0 5 Reserved
0 R/W 4 lie_ir Enable IR detection interrupt
0 R/W 3 |ie_di2c Enable slave I°C interrupt
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0 R/W 2 lie_int Enable external INT interrupt
0 R/W 1 lie_tcO Enable TCO interrupt
0 R/W 0 |ie_tc1 Enable TC1 interrupt
61h 0 R/W | 7:6 |ie_pfail[1:0] Enable power fail [1:0] (dc to dc) interrupt
0 R/W | 5:0 |ie_blk[5:0] Reserved for further use
Interrupt1 Flag Register
Page 0x13h
Index | Default | R/W Bit Name Description
0 7 lif di Interrupt Flag of DIN interrupt include H V Ios// ti
if din
change VIN rising/falling...
0 6 |if vso Interrupt Flag of VS output rising 60'\}”“'19 e&flgé m;e,/rr;{p\ \
0 5 Reserved
62h 0 R 4 |ifir Interrupt Flag of IR detectlon( \ A \ \ ( K //
0 R 3 |if_di2c Interrupt Flag of slave I°C \ \ \ /
0 R 2 |if_int Interrupt Flag of external INT ﬁa}e(rl}gt \ \
0 R 1 |if_tc0 Interrupt Flag of TCO intezrapt ~ \ \  \)
0 R 0 |if_tc Interrupt Flag of TC1 jfferript\.  \ D
0 R 7 |if_pfail[1:0] Interrupt Flag of pgwérﬁail [1M E&c to Bs-)»m/terrupt
63h 6 Reserved
0 R | 5:0 [if blk[5:0] Reserved for further\sé\
Polling Flag Register
Page 0x13n - A W A
Index | Default | R/W Bit Name Description
oan 0 R 7 levt_vso Event okVSoutpuf riéing or falling edge
6:0 Reserved
65h 0 R 7 evt t Eve};( af\external INT
6:0 Reserved
Clear Polling Flag Registé;&?\\\\/
Page 0x13h
Index | Default | R/W Bit Name Description
66h 0 RW | /7 Islr_vsd ris Clear event of VS output rising or falling edge
/éo\ Reserved
67h 0 RMI\l ( 7 S}r\_l}\( Vv Clear event of external INT
\ \(5:0 Reserved
A\
VSO mt dge Control Register
Page m
Index | Default | R/W Bit Name Description
~ &\M 7 |vso_int_edge 0 = rising edge trigger
68h - = 1 = falling edge trigger
-\ 0 6:0 Reserved
. 0 = single edge trigger, depends on int_edge.
69h )0 RIW-| 7 int_chg 1= risigg &fgning%ﬂgder P =9
/ 0 6:0 Reserved
int_edge 0 = rising edge trigger
,GA{ 0 RIW / = 1= faIIin% edgge tr%gger
0 6:0 Reserved
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4.11.6. Watchdog

Page 0x13h
Index | Default | R/W Bit Name Description
ABh R/W | 7:0 |wd_timer[7:0] Write 0OxAB will reset the timer for 2 seconds.
Write O0xAA will reset the timer for 1.5 seconds.
Write 0xA9 will reset the timer for 1.0 second.
70h Write 0xA8 will reset the timer for 0.5 seconds.
Write 0x55 will stop the timer.
Write other values will resume the timer. >
Stop or resume the timer will not the timef.
After reset, the timer is set to 2 se
4.11.7. Timer mu
Page 0x13h TN\
Index | Default | R/W Bit Name Descrlptlon
1 R/W 7 |tcO_en 1= enable Timer 0
0= disable Tlmer
1 R/W 6 |tcl_en 1= enable Timer 1 \\
0= dlsabl imer
80h 5:4 Reserved
0 |[RW /[ 3 [ertcO < = cledr fCoingerrapl v
0 R/IW 2 [clr_tc1 \ ‘l\i cleér Mj/lﬁterrdpt}
1:0 Reserved
81h | 55h | RW | 7:0 [tcO[7:0] / /T80 bow byte date’
82h| 0 [RW [ 7:0 [tcO[16:8] [ [ [TcoMdign byte data
83h | AAh [RW | 7.0 AP A\ \ [TC1 Lowbyte data
84h| 0o |[RW] 70 tc(£1/5,;8§\ N\ \[TC1Aifh byte data
Note: Time base is 1us
4.12. Video De€ r
4.12.1. Video\Decode ister Summary
Index | R/W | Default Bit 7 Bit 6 | Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 W’T@Q h\tdél@y hpixel vline_625 colour_mode yc_src
Q(m (R/(N 01 h\ \ Reserved luma_notch_bw chroma_bw_lo ct:gc())r:ao_pt;lérs ped
NGx02 4Fh/ /hagc_field mv_hagc dc_clamp_mode dagc_en [agc_half_en| cagc_en hagc_en
0x03( )@v\\_ogb/ ntSC4;:’—m° Reserved colour_trap adaptive_mode
ox04 || Rw [ DDh hagc
ox05 J{ fiw | 32h noise_thresh
/O;.Oé rRw ! oan adc_updn_s [ adc_input_s |adc_cber_pu agc_gate_thresh
yd wap wap mp_swap
0x07 | RW | Aoh | ccirés6 en | PO blue_mode yc_delay
swap
0x08 | R/W | 80h contrast
0x09 | R/IW | 20h brightness
0x0A | R'W | 80h saturation
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Index | RW |Default| Bit7 | Bit6é | Bit5 | Bit4 | Bit3 Bit2 | Bit1 | Bit0
0x0B [ R/W | 00h hue
0x0C | R'W | 8Ah cagc
0x0D [ R/W | 07h user_ckill_mode | vbi_ckill | hlock_ckill chroma_kill
OxOE [ R/W [ 06h vnon_std_threshold hnon_std_thresholg A\
0xOF | RIW | 2Ch nstd_hysis fixedgtbe urstg cautopos \\
0x10 | R'W [ OAh Reserved agc_peak_nominal \ \
0x11 [ R'W [ 89h ay%i:__%it:r_s\;s ag;agféﬁavs agc_gate_kill_mode agc_pneak_e agc ?k\_ tl
0x12 | R/IW | 05h Reserved N agclgpfe_st}rtpo\.ﬁ] \ >
ox13 [RW [ c8n agc_gate_start[7:0]  \ (Y 2/ \~
ox14 [RW | 38h agc_gate_width A N4
ox15 [RW [ 58h agc bp delay { \ \\ (\ 7/
0x16 | R'W [ 74h locked_count_noisy_max > Ioﬁ(ed_@n&cle\an\_ma{
0x17 |RW | cBh hlock_vsync_mode | hstate_fixed disabf—hﬁ” hStaf}é’”\"’\”\\ Néﬁte_max

cdto .
0x18 | R/W | 26h fixed Reserved R / ﬁ&b\l}ck%:w
ox19 [RW [ 2En cdto_iRel2d16]  \ \
ox1A [RW | 8Bh cdto_inc{15'§] \
ox1B |RW | A2h cdtoNc 0]\
ox1C |RW | 24h RO~ | Reserved N / / / / \h@_inc[29:24]
ox1D [RW | 00h N\ | \hefo_ing[23:16]
0x1E |RW | 00h N\ \ Khdto_ificyi5:8]
0x1F | R/'W | 00h //\ hdtgAnc[7:0]
0x20 |R/W | 3Eh O\ [{ N\ \  hsync _rising
0x21 | R'W | 3Eh / 4 A \ \ \ k§1sync_phase_offset
0x22 | R/W | 00h { ( A \ \ \ / v hsync_gate_start
0x23 | R/W | 80h \ \// \ \ \\ / hsync_gate_end
0x24 |R/W | E9h A\ U\ hsync_tip_start
0x25 |RMW | OFh TN\ DD hsync_tip_end
0x26 | R'W | 2Dh / \ \ \ v hsync_rising_start
27 [RW] 500 I/ O\ \) hsync_rising_end
ox28 [ Rw [ 22nC[" ( N\ backporch_start
0x29 | R/W [ 4Eh \ \) backporch_end
0x2A | RIW| D% \ \ hsync_filter _start
0x2B 4%\ \ \ hsync_filter_end
0x2C {R/‘N 32h \ \ 4 burst_gate_start

\Q%ZD \R/\\( 46h } / burst_gate_end
0x2E MV \821/ hactive_start
0x2F I RMN_50r" hactive_width
0x30 \| Rw [ 22h vactive_start
ox31 Jlfw [ 61h vactive_height
0x3/2/ /W | 70h Reserved vsync_h_min

L0%3 R/W | OEh Reserved vsync_h_max

—0x34 |RW | 6Ch Reserved vsync_agc_min
0x35 | R'W | DOh vsync_clamp_mode vsync_agc_max
0x36 | R'W [ 7Ah Reserved vsync_vbi_min
0x37 | R'W [ 20h viock_wide_r vsync_vbi_max

ange
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Index | RW | Default| Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
0x38 | R'W | 00h vsync_cntl vsync_thresh
0x39 |RW | 0Ah | field pol | fiip_field "e"egade'ay V°dd—§e'aye field_detect_mode vioop_tc
0x3A R X mv_cstripes mv_\(/:?eladete chromalock vlock hloc no_signal
0x3B R X Reserved vnon_standa hnon_stan\g roscan_det
rd rd ected
0x3C R X ver_rew ver_ff ver_trick ver noisy 625lines_det| SECAM_det L \stecte
ected ed
debugmux_e
0x3D | R'W [ 00h - debugmux //> \ \>
n A A
Ox3F | W 00h Reserved N N \) // é@it rst
0x70 R X Reserved status_hyi@_inc[quﬂ\q v / /
71 | R | X status_hdto_inc23:16 V> \ \ | N\
ox72 | R | X status_hdto_inc[15:8] 2 < N\ \ ~—"
ox73 | R | X status_hdto_inc[7:0] ¥ \_ \  \_\
ox74 | R [ X Reserved statls_Suto_incRR9R4] o V'
0x75 R X status_cdto Mcﬂ \ \ /
ox76 | R [ X status_cafoNinc[15:81 \_ \
0x77 R X status_cd}\_irk[TO] \ >
0x78 | R X /sﬂamgc}qgéi{] v
x79 | R [ X / /Status,_agc_ddein\
o7A| R | X [ sy ehag V
0x7B R X Reserved \\ \\// )/ status_cgain[13:8]
ox7c | R X \  \staws cdain[7:0]
0x7D | R X A\ / / \ \ status_cordiq_freq
Ox7F | R X /\\/ ( \ \ \ status_noise
0x80 | R/W | 04h Reservé %@{ \\\EQ/Z/;n/ge peak_gain peak_en
0x82 [RW [ 82h svbf L\ \ Reserved palsw_level
v
lose_chroma
0x83 | R'W [ 6Fh /\ \vg&hror@k_count lose_chromalock_level lock._ckill
0x85 R X / served \ \ y_sat_abs_level_latch
0x86 R X (\ N (ieservea\ \ N\ cb_sat_abs_level_latch
0x87 R X ﬁ@served cr_sat_abs_level_latch
0x8A | RVYATOAR \ \ v Reserved cstate fixed_cstate
0x8B ﬁy(’%\ Reserved hresgmpler_
up
Ox8D 0Ah |9 ump_dela cpump_a_djus cpump_adjust_delay
y_en t_polarity
0x8E MV N.CaH’ cpump_adjust
0x8F SRMW—Bor cpump_delay
0x90\ W 04h auto_mode_time_constant
0x91 / I#NV 03h reserved iir_filter_sel reserved clamp_scale
0x92( /ﬁ/W 00h adc_clamp_restore_thr
—Ox, R/W | O0Ah |noise_th_en noise_th
~0xBO | RW | FAh horiz_diff_cgain horiz_diff_ygain chroma_vdiff_gain lowfreq_vdiff_gain
0xB1 | R'W | FFh vadap_burst_noise_th_gain burst_noise_th_gain c_noise_th_gain y_noise_th_gain
0xB2 | RIW 10h |Ibadrgen_rst| comb2d_only pal_chroma_level
0xB5 | R'W | 43h chrokma_pea chroma_cori Reserved chroma_peak
_en ng_en
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Index | RW | Default| Bit7 | Bit6 Bit5 | Bit4 Bit3 | Bit2 Bit 1 Bit 0
0xB6 [ R/'W [ 02h Idpause_threshold Reserved vf_nstd_en vcr?cahutgﬁsw
0xB7 | R'W | 00h Reserved | notch_gain Reserved | comb_gain
O0xBA | R/IW | 21h vactive_fb_start A
0xBB |[RW | 61h vactive_fb_height SO\
0xBC | R'W | 00h Reserved hsync_pulse_width \ \
. . CCIR656_ea
oxBD | rRw | 10n no_signal_p | free_run_27 Reserved VBI_in_CCI v_sav_phas vsync_gut_p hsync_out_p | 8lk_dut_pola
ath_sel m R656 olarity )lﬂﬁt’)\ r
e
agtive_out_ activg_oyNt
OXBE [ RW | 00h Reserved A / f‘/s > /\\ z*(;)
; \Z4
oxCo |Rw | osn [3deresampll o iyt [Cvbs_out dis cvbs_out_sel chb,&el cha) sel
e _clk_sel able A
0xC1 | R'W [ B9h adc_current_sel cb_ch_sel c&ch&sﬁ% \ \ kyép{sel
0xC2 | R'W | 54h Reserved chc_on Reserved chb_on Reserved>| Qha_or\ \e.dcgsémple_clk
0xC3 [ R'W | 04h Reserved edge_enhance_range edge \enhance_gsin edgci_innhan
oxC4 [Rw | ooh pre_cogdt —~_ \  \
oxC5 [RwW | ooh postadaft N\ \  —
oxC6 |RW | 0oh luma_ Reserved \\ \> luma_coring_ threshold
coring_en
oxc7 | rw | oon blue_stretch blue_stretch_ lue tret blue_stretch_amount
_en luma threshold hro
0xC8 [ R/W | 00h sklr:ﬁt(;r:]e_a <\ Wﬂ skin_tone_type sel
ZAC clamp_ adc hsvnc anti_alias_a | anti_alias_di
0xC9 [ R/W | 08h Reserved en> pdn_backu back yne_ nalogue_filte| gital_filter_e
ackup_en
A /\ p_en r_en n
OxCA [ RIW [ 14h fix SOQ sett Q s0g_ m&lifier \ sog_threshold
A\ N
0xCB [RW [ 10h { S\ WL\ /Y  ad_clplace
0xCC | RW | 10h Y )\ N ad_cldur
0xCD | RW | FFh A\ U\ adc_gain
oxD0 [RW | 1Fh Reserxed\ N ch_a_offset
oxD1 [RW| 1Fh | /7 Raseved \ |V ch_b_offset
oxD2 [RW | 1Fh [[/ Resdved \ > ch_c_offset
0xD3 [ R'W [ 00h ne patrﬁ\ a hsync half_delay_s | hactive_path sog_hsync_delay_pulse_width
sel larity el _sel
0xD4 | RverooR, [\ \ M hs_del[7:0]
hsync_
0xD5 04h dé@"— sync_sep_hs Reserved path_sel_pll hs_del[9:8]
syns/sel | ync_polarity
27Tm
\&D6 \Y\X\ OW 76 _test_pat Reserved self_test_pattern
tern_en
0xD7 ,I@/W\\pgb/ Reserved adc_clamp_time_const
oxD8\[ Rw | 8on ccir656_hactive_width
oxD9 J|Rw | B4n NF27M[7:0]
oxD | Rw | 02h Reserved NF27M[9:8]
’K R/W | 00h Reserved auto_detecti | special_rese Reserved pd
on_en t_en
0xDC | RW | 0An [2dc_clamp_t adc_clamp._threshold
hreshold_en
status_sync_
0xDD | R X sep_no_sign status_amplifier status_sog_threshold
al

Weltrend reserves right to modify all information contained in this document without notice.

Copyright© 2006 Weltrend Semiconductor, Inc. All Rights Reserved.

-66 -




sessans WT8871-C/WT8871-E

| [ [ & - .
s L_“_I_L n El » Video Display Controller for Analog
= mm o mEEw Small Size LCD Display System
Index | RIW | Default|  Bit7 Bit 6 Bit5 | Bit4 Bit3 | Bit2 | Bit1 | Bito
adc_clamp_i
OxDE | R'W | 88h [n_non_activ Reserved adc_clamp_in_non_active_width
e_en

0xDF |RW | 1ch Reserved | rgb_input_hsync_height
oxec |rRw | osh CCIR656__ha reserved ver_free_run no_cla auto_no_cla

ctive_fix _27m_en mp_en
OXED | RIW | 1Fn |r@inbow_sup y_up_lo_diff_threshold \\

press_en
OXEE |RW | 09h ra":jbow—ba” y_ri_le_diff_threshold /\ \\

_coef N\
OxEF [RW | 14h y_diagonal_diff_threshoft [/ /AN \
0xF3 | R’'W | EAh auto_mode_FcMore_up_threshola\/ N \) //\ \
OxF4 | R/'W | 20h auto_mode_Fcless_lo_thregQold < \ / / / /\/
OxF5 | R/'W | 40h auto_mode_FcLess_up_thré@hm \ \ \ \_//
0xF6 | RW | Doh auto_mode_FcMore_lo_thre§}old§ N\ —
OxF7 | R/W | 00h reserved \%kmg\xtéwgth peaklgrg];_soft
OxFF R 02h standard_states //‘\ \ \:h\p/r>WS|on
4.12.2. Video Decoder Registers
Control Registers - Page 0x60h
Index| Default | R/W Bit Name Description
b em Iafe the HY/-delay mode found on Sony studio
0o |RW| 7 hv_delay ” or

_ 0 bI( uI
A m

hese bitg selsct the output display format.
00,: 858 pixe¥s/line - NTSC, PAL(M)
1: pixels/line - PAL(B,D,G,H,I,N,CN),SECAM

00b | RIW | 6:5 ixel
1 ixels/line - NTSC Square Pixel, PAL(M) Square Pixel
N1T: 944 pixels/line - PAL(B,D,G,H,I,N) Square Pixel

is bit selects the number of scan lines per frame.

vlin 5 = 525 (default)
1=625

N v These bits select video colour standard.
000 = NTSC (default)

001 = PAL (I,B,G,H,D,N)

00 3 colour_mode 010 = PAL (M)
011 = PAL (CN)

100 = SECAM

> This bit selects input video format.
0 R 0 yC_src 0 = composite (default)
1 = S-Video (separated Y/C)
01h {7 RW | 76 Reserved

These bits select luma notch width
00 = none (default)

00h 0 R/W

»

/ 00b R/W | 5:4 luma_notcha_b 01 = narrow
w ;

10 = medium
o 11 = wide

This bit set the chroma low pass filter to wide or narrow
0 = narrow (default)

1 = wide

2 = extra wide

00b R/W | 3:2 | chroma_bw_lo
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chroma burst50 This bit selects the burst gate width
0 R/W 1 by 0 = 5 subcarrier clock cycles (default)
r10 _ .
1 =10 subcarrier clock cycles
This bit enables black level correction for 7.5 blank-to-black setup
RIW (pedestal).
L 0 ped 0 = no pedestal subtraction
1 = pedestal subtraction (default)
When this bit is “0” (the default), then the gain is updated ohge\er
line, after DC clamping. When this bit is set, then the gain is\o
0 R/W 7 hagc_field |updated once per field, at the start of vertical blank.
0 = off (default)
1=o0n A %\
This bit, when set, automatically redué\e}the g@(se iy rygister
4) by 25% when
1 R/W 6 mv_hagc  |macro-vision encoded signals are/detecte
0 = off
1 = on (default)
This bit sets the mode for the anal ont end amping
00 = auto (default)
00b R/W | 5:4 |dc_clamp_mode|01 = backporch only
10 = synctip only
11 = off
02h This bit, when set, enakle the_digWGC. The digital AGC is
used in series analog\gain.
1 R/W 3 dagc_en _
0 = off
1 5 on (def um N
is\bit, wi erx.rsfaf, atffeq the half gain mode, when unlocked, for
1 R/W 2 agc_half_en 0 =ff log o d.
1 7on(defau
is bit When set enables the chroma AGC. If disabled, then the
1 RIW 1 GC target is\used to drive directly the AGC gain.

o

>\°

\4

AN

This_bit-then set enables the luma/composite AGC. If disabled,
hen the AGC target (register 04h) is used to drive directly the
&C gain.

= off
1 = on (default)

R/W
YC Separation Cg& Registers\
RIW

\%
Page 0x60h
Index| Default Bit Name Description
03h ntsc443_mode This blt_enable the NTSC443 input mode
Default=0
[ \ | &4 Reserved
\/ \ This bit enables the notch-filter at the luma path after the comb
filter. This filter can be turned on or off irrespective of the adaptive
3 colour_trap |mode setting.
0 = Disabled
1 = Enabled
These bits select modes for the composite signal’s luma (Y) and
/ chroma (C) separation before colour demodulation.
/ For NTSC Mode
000 = fully adaptive comb (2-D adaptive comb) (default)
000b | R/W | 2:0 |adaptive_mode |001 = vertical adaptive comb only (1-D adaptive comb)

010 = Reserved
011 = basic luma notch filter mode (for very noisy and unstable
pictures)

100 = simple 2-tap comb
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101 = simple 3-tap comb
110 = Reserved
111 = Reserved

For PAL Mode

000 = fully adaptive comb (2-D adaptive comb) (default)

001 = basic luma notch filter mode WITH handover bar
suppression

010 = 5-Tap comb filter mode WITHOUT handover bar
suppression

011 = basic luma notch filter mode WITHOUT handgter ba
suppression

100 = luma notch and fixed-chroma c

101 = simple 3-tap comb

110 = 5-Tap hybrid comb filter mogde W ndover
suppression
111 = Reserved

Luma AGC Value Registers - Page 0x60h

AN

v

Index| Default | R/W Bit Name Description
These bits specify the |
AGC is modified until
Programming
DDh (221d)
04h | DDh | RIW | 7:0 hagc CDh (205d)
DCh (220d)
DDh (221d)
A6h (166d)
AEh (174d)
eglster 02.0h) is “0”, then “hagc” is used to directly
Yis-edse, a value of 64 represents a unity gain, 32 represents a
Qne -half gain, and 128 denotes a double gain.
Noise Threshold RegiSters - g
Index| Default | R/W Bit Name Description
) This value sets the noise value at which the circuit considers a
signal noisy. The detected noise value may be read back through
register 7Fh (“status_noise”). If the detected noise value is greater
05h 0 noise_thresh than “noise_thresh”, then register bit 3C.3h (“noisy”) is set. Larger

values of “status_noise” indicate noisier signals, so larger values
of “noise_thresh” decreases the likelihood of “noisy” being set
while smaller values of “noise_thresh” increases the likelihood of
“noisy” being set.

AGC(\ATE

THRESHOLD and ADC_SWAP Registers - Page 0x60h

Index| Default | R/W Bit Name Description
This bit swaps the DC clamp up/down controls to the analog
,%h/ 0 R/W 7 |adc_updn_swap front-end.
/ — = 0 = Disabled (default)
1 = Enabled
This bit swaps the MSBs and LSBs from the analog front-end’s
. ADC
0 | RW | 6 |adc_inputswap|y'_ picabied (default)
1 = Enabled
0 R/W 5 |adc_cbcr_pump|This bit swaps the Pb/Pr charge pump pairs to the analog
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_swap front-end
0 = Disabled (default)
1 = Enabled
0Ah RW | 40 agc_gate_threshTh'S specifies the threshold at which the rough gate generator

creates a sync gate.

Output Control Register - Page 0x60h

Q

Index| Default | R/W Bit Name Description
1 RW | 7 ccir656_en  [This bit enable the CCIR656 output N\
This bit swaps Cb/Cr outputs.
0 R/W 6 cbcr_swap |0 = don’t swap Cb/Cr (default)
1 = swap Cb/Cr /\
This bit controls the blue screen mode. v \)
00 = Disabled
07h | 10b | RIW | 5:4 blue_mode |01 = Enabled
10 = Auto (Default)
11 = Reserved
This 2’s complement number
0 RW | 30 yc_delay luma and chroma.

Luma Contrast Adjustment

Register - Page 0x60h

Index| Default

R/IW

Bit

Name

Description

08h | 80h

R/W

7:0

contrast

These bits fofitrol #e ddjystable’yain to the luma output path.

Luma Brightn

ess Adjustme

nt Register - PagﬁQ&@h \ \/

Index| Default | R/W Bit Name Description
ese hjts\controtthe adjustable brightness level to the luma
09h | 20h RW | 7:0 @tness utput p: h._ his vglue is offset by -32, i.e., a value of 32. (the
fault) implieg a brightness level of 0, and a value of 0 implies a
brightnesg level of -32.

Chorma Satu

ration Adjust

K
peosin

\\/
age 0x60h

Index| Default | R/W Bit Name Description
0Ah| 80h | RW [ 7:0 ]\ sathation }These bits adjust the colour saturation (default = 128).
Chorma Hue Ph@@uM\Re\gl‘ger - Page 0x60h
Index| Default | R/W Bit Name Description
0Bh [ 00a—TRW N7 hue This 2's complement number adjusts the hue phase offset.
Chorm{ GCRe é\er\ége 0x60h
Index| Default | R/W Bit Name Description
Nch| 8AR | RW/ 7:0 cagc These bits set the chroma AGC target (default = 138).
Chorlﬁ\ Kill Register - Page 0x60h
Index| Default | R/W Bit Name Description
. . Mode 0 uses auto hardware chroma kill, Mode 1 forces chroma Kkill
//OOb RW | 7:6 |user_ckill_mode on and Mode 2 forces chroma kill off (default=0)
M 0 R/W 5 vbi_ckill When set, chroma is killed during VBI (default = 0)
0 RIW 4 hlock_ckill \=N(r)1)en set, chroma is killed whenever horizontal lock is lost (default
7h R/W | 3:0 chroma_kill |These bits set the chroma Kkill level (default = 7)

Non-Standard H/V Config Registers - Page 0x60h
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Index| Default | R/W Bit Name Description
These bits specify the threshold value for when
vnon std thres WT8871-C/WT8871-E will consider the vertical frequency input
Oh RW | 7:4 Thold signal a non-standard signal. This will turn-on the vnon_standard
status register bit and can be use to turn off the 3D comb filter.
OEh (default = 0)
These bits specify the threshold value fo hen
hnon std thres WT8871-C/WT8871-E will consider the horizontal frequency input
6h R/W | 3:0 - T signal is a non-standard signal. This will turn-on

hold

hnon_standard status register bit and can be use to t
comb filter. (default = 6)

Chorma Auto

Position Registe - Page 0x60h

0Ah

@

0

na

Index| Default | R/W Bit Name
These bits specified the hysters
signal detection. These bits sh
“non_standard_threshold” registex
of continuous lines use to determine\thg statug of non-standard
signal detection. This is us
00b R/W | 7:6 nstd_hysis  |non-standard signal status/fl
When nstd_hysis =
0x00 = 256 lines (defay|ts)
0x01 = 512 lines
OFh 0x10 = 768 I|n
0x11 = 1024, |r)e§\
i$ bit
) indo
1 R/W 5 |fixed_burstgate at
1)
THeseNit seM_gbrtfma burst gate position relative to the auto
0Ch RW | 4.0 opos entre position
default =Y12)
AGC Peak Nominal Regmté <Pé)g<o\§0h\\\—j/\/
Index| Default | R/W Bit Name Description
7 Reserved
/'\ (Phese bits set the luma peak white detection’s AGC nominal peak
10h ayc_pesk Romi [white value.

This value is added to 128 and then the result is multiplied by 4
(default = 10)

Pem&qtrols Register - Page 0x60h

AGC
Index| Default Bit Name Description
( Q R/OY 7\/ agc_gate_vsync|This bit forces coarse sync-tip and backporch gates to be used
> _coarse during vsync when VCRs are detected (default = 1).
\{\W 6 agc_gatﬁ_vsync This bit forces sync-tip clamping during vsync (default = 0).
_Sstp

=

agc_gate_kill_m

These bits determine the method that sync-tip and backporch
gates are suppressed:
00 = off (default)

00b R/W | 54 ode 01 = enabled — if sync-tip gate is killed, kill backporch gate
10 = enabled — if sync-tip gate is killed, kill backporch gate, except
during vsync
11 = enabled — if sync-tip gate is killed, do not kill backporch gate
1 R/W 3 agc_peak_en |This bit enables the AGC peak white detector (default = 1)
001b | RW | 2:0 |agc_peak cnt These bits set the time constant for the AGC peak white detector

(default = 1)
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AGC_GATE_START Registers - Page 0x60h

v

Index| Default | R/W Bit Name Description
7:3 Reserved
12h 1016 | RW | 2:0 agc_gate_start[ |These high-order bits set the delay from the detected hsync for the
) 10:8] rough gate generator A
agc_gate._stari] These low-order bits set the delay from the detected hS\§C\\1w\the
13h | C8h R/W | 7:0 — 7:0]— rough gate generator.
Default = C8h
AGC_GATE_WIDTH Register - Page 0x60h /\ \
Index| Default | R/W Bit Name Description
7 Reserved
o T e | 60 agc_ gate. width Bg?as&tb;tsszﬁt the width of the rough gates \/// )/\)
\/ \/
AGC_BP_DELAY Register - Page 0x60h > < \\
Index| Default | R/W Bit Name Description
Th i he time | h
15h | 58h R/W | 7:0 | agc_bp_delay bac?lfsoriltwsgas’?;f;r(tahet ro‘/dé ay\f&per‘a%s\ T gate to the
Lock Count Register - Page 0x60h & \\
Index| Default | R/W Bit Name Description
sh | rw | 7:4 | locked_count [These bits 76/ ) X\glw>the hlock sensor for noisy signals.
16h _noisy_max |84 added {o this valu faMlt 2 7 —15)
4h rRwW | 30 locked_count X}%é)ltsi\{:éy( )/qtle of t_he hlock sensor for clean signals.
_clean_max value/(default = 4 —12)
H Loop MaxState Register - Pagg 0x60h //A\\\/
Index| Default | R/W Bit Name Description
rol hsync locking during vsync:
11b | RW | 76 g\odsenc (" o
10 ="enabled except for noisy signals
\1 = enabled only for VCR signals (default)
/‘\ % Iﬁis bit when set forces the state machine to remain in the state
0 R/W /é—\\stat fixed |[setin “hstate_max”
17h A (default = 0)
0 R \4 adle hfine This bit, when set, disables the fine mode of the HPLL phase
- comparator. (default = 0)
é\ hstate_unlocked|This bit sets the state when unlocked (default = 1)
\> These bits set the maximum state for the horizontal PLL state
machine. The range of this register is 0 to 5, inclusive. Higher
0ON\b | R 2:0 hstate_max [states have a finer PLL control. Values of “0” and “1” should not

programmed into this register. If “hstate_fixed” is set, then this
register is used to force the state. (default = 3).

Chroga\ DTO

Increment Register - Page 0x60h
Index| Default | R/W Bit Name Description
/ 0 R/W 7 cdto_fixed This bit, when set, fixes the chroma DTO at its centre frequency.
/h 6 Reserved
26h R/W | 5:0 |cdto_inc[29:24]

19h | 2Eh R/W | 7:0 |cdto_inc[23:16] |These bits contain bits 29:0 of the 30-bit-wide chroma DTO

1Ah | 8Bh R/W | 7:0 |cdto_inc[15:8] [increment.

1Bh | A2h R/W | 7:0 | cdto_inc[7:0]
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Horizontal Sync Increment Register - Page 0x60h

Index| Default | R/W Bit Name Description

0 RIW 7 hdto_fixed This bit, when set_, fixes the horizontal sync DTO at its centre
1ch frequency (default = 0)

0 6 Reserved

24h R/W | 5:0 |hdto_inc[29:24]
1Dh | 00h R/W | 7:0 |hdto_inc[23:16] [These bits contain bits 29:0 of the 30-bit-wide horizontal syre RTO
1Eh | 0O0h R/W | 7:0 | hdto_inc[15:8] [increment.
1Fh | 00h R/W | 7:0 | hdto_inc[7:0]

Horizontal Sync Rlsmg Edge Occurrence Time Register - Page 0x60h <> /O/\\\>

Index| Default Name Description
These bits set the position of the(e s\nc ri |nu Itis
20h | 3Eh rRw | 70 hsync_rising used by the fine hsync detector. %3\%82\ ses this time
position to sample the video signakf rising. edge of the hsync.
(Default = 62)
A\
Horizontal Sync Phase Offset Register - Page 0x60h \ \\9
Index| Default | R/W Bit Name Description
This register sets the ffset value\be ween the coarse hsync
hsync_phase_of detector and t
21h | 3Eh RW | 7:0 course detector
fset t subtract
sy c. (Defaylt =
\/
Horizontal Sync Detect W|ndow Start Tlme)%(g\te \R é}@é}/
Index| Default Name Description
h Qate Sthr hese b ontrol the PLL horizontal sync detect window for
22h | 00h RW | 7:0 /5? - oarse syl cd tection.
is specffi¢s’the beginning of the window.
Horizontal Sync Detect Wm}o@nd\‘@ Re r - Page 0x60h
Index| Default Name Description
/‘\ synsg%en [Phese bits controt the PLL horizontal sync detect window for
23h | 80h R/W //ﬁ\\ — ~ |coarse sync detection.
A This specifies the end of the window. (Default = 128)
Horizontal Sjnc'lkt)\e\tect Win Start Time Register - Page 0x60h
Index| Default | R/W Bit Name Description
These bits control the PLL horizontal sync tip detect window used
. for AGC control. This specifies the beginning of the window.
j‘lh Eph R/ 7:0 | hsync_tip_start MSB(i;s sign bit, “0” megns positive, 1g meagr]\s negative (Default =
-23)
Horizgn M Detect Window End Time Register - Page 0x60h
Index| Default | R/W Bit Name Description
These bits control the PLL horizontal sync tip detect window used
;b/ OFh R/W | 7:0 | hsync_tip_end [for AGC control. This specifies the end of the window. (Default =
15)
Horizontal Sync Rising-Edge Detect Window Start Time Register - Page 0x60h
Index| Default | R/W Bit Name Description
hsync. rising StaThese bits pro_vtde a programmable start.tirne of the window that
26h | 2Dh RW | 7:0 - —""|looks for the rising edge of the hsync. This is used by the coarse

rt

hsync detector. (Default = 45)
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Horizontal Sync Rising-Edge Detect Window End Time Register - Page 0x60h

d

Index| Default | R/W Bit Name Description
hsvnc rising en These bits provide a programmable end time for the window which
27h | 50h R/W | 7:0 yne_rising_ spans across the rising-edge of the horizontal sync pulse.

(Default = 80)

AN

Backporch Interval Start Time Register - Page 0x60h
Index| Default | R/W Bit Name Description
28h | 22h RW | 7:0 |backporch_ start These bits control the backporch detect W|ndow CI est

beginning of the window. (Default = 34

Backporch Interval End Time Register - Page 0x60h

b

Index

Default

R/IW

Bit

Name

Descrlptlon U //\ >

29h

4Eh

R/W

7:0

backporch_end

Hsync Filter Gate St

art Time Register Reg

These bits control the backporch eté’{%mﬁx@\hﬁs\sﬁéﬁés the

end of the window. (Default = 78)

isters - Page 0x60h

Index

Default

R/IW

Bit

Name

Description

2Ah

D6h

R/W

7:0

hblank_start

These bits specify th

window. (Default = -42)

Hsync Filter Gate End Time Register - Page 0x60h //\\

Be(iinning\{\txe horizontal-blank-interval
\ v

Index| Default | R/W Bit Name Description
oBh| 4En | RW | 7:0 | hblank end ?&%(éiflts;@We jn? of the horizontal-blank-interval window.
Chroma Burst Gate Start Time Rggister -/(g{;@&&)&{\/
Index| Default | R/W Bit Name Description
/ X is specifi e beginning of the burst gate window. Note that
2Ch| 32h R/W | 7:0 |(buyst this\win is set to be bigger than the burst. The automatic burst
b@.gtlon cker finds the burst within this window. (Default = 50)

@x&t&\

Chroma Burst Gate End Ti age 0x60h
Index| Default Bit Name Description

N i ifi i =
2Dh | 46n RW ﬁ:o \@Kt ga nd These bits specifies the end of the burst gate window. (Default

70)

Active wdgo—Hen\\»{\\gtart tim¥ Register

gfh

- Page 0x60h
Index| Default Bit Name Description
A% These bits control the active video line time interval. This specifies
8%h R 7:0 hactive_start the beginning of active line. This register is used to centre the

horizontal position, and should not be used to crop the image to a
smaller size. (default = 130)

Activ@\deo Horizontal Width Register - Page 0x60h

crop the image to a smaller size. The value 640 is added to this
register. (default = 80 — 640+80=720)

Index| Default | R/W Bit Name Description
)ZZ These bits control the active video line time interval. This register
)/ 50h rRwW | 70 hactive_ width specifies the width of the active line, and should not be used to

Active video vertical

start time Register - Page 0x60h

Index

Default

R/IW

Bit

Name

Description

30h

22h

R/W

7:0

These bits control the first active video line in a field.

vactive_start
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This specifies the number of half lines from the start of a field.
(Default = 34)

Active video vertical height Register - Page 0x60h

Index| Default | R/W Bit Name Description

These bits control the active video height. This specifies the\eight
31h | 61h R/W | 7:0 | vactive_height |by the number of half lines. The value 384 is added to this'xegister.
(default = 97 — 394+97=481 half lines)

Vsync H Lockout Start Register - Page 0x60h /\ \

Index| Default | R/W Bit Name Description
7 Reserved

This register defines the number of half-fin

32h ; N\
70h rRW | 60 vsync_h_min HPLL is notconfused bytheequ z

pulse W|th no hsync structure so it
(Default = -16)

Vsync H Lockout End Register - Page 0x60h /\//_\\ \tﬁ

Index| Default | R/W Bit Name Description
7 Reserved

Vsync AGC Lockout Start Register - Page 0

33h RIW . This register dé e nymber of half-lines after the vsync that
OEh 6:0 | vsync_h_max the hsync dgt géﬁ% bled (Default = 14)

Index| Default | R/W Bit Name Description
7 Reserved

34h Q his regi te defines the number of half-lines before the vsync that
6Ch R/W | 6:0 /?\ /agc_mi e AGC, TIP, and BACKPORCH gates are disabled.

efault =/-
Vsync AGC Lockout End RS;;\SQ kag 0x

Index| Default | R/W Name Description
/‘\ [Phese bits control DC clamping during the vertical blanking
interval.
syc_cl m|00 = disabled
11b R 76 ode’  |01=enabled
35h 10 = enabled except for noisy signals
11 = enabled except for noisy signals and VCRs (default)
/ \(b This register defines the number of half-lines after the vsync that
(\\Q/ 5 vsync_agc_max|the AGC, SYNCTIP, and BACKPORCH gates are re-enabled.
(Default = 16)
Vsync \QQKZé/Start Register - Page 0x60h
Index| Default Name Description
| 7 Reserved

36h i .. |This register defines the number of half-lines before the VSYNC
/‘ Ah | RIW | 8:0 | vsync vbimin ly ot v data is valid. (Default = -16)

nc VBI Lockout END Register - Page 0x60h

Index| Default | R/W Bit Name Description

This register controls whether a wide or a narrow vertical locking
range should be used:

Default = 0 (narrow)

vlock_wide_rang
e

37h 0 R/W 7
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This register defines the number of half-lines after the VSYNC that

20h | RIW| 6:0 | vsync_vbi_max|\/p|'yaia is valid. (Default = 14 2?)

VSYNC_CNTL Register - Page 0x60h
Index| Default | R/W Bit Name Description

These bits set the vsync output mode
00 = output the vertical PLL vsync when the signal I
. otherwise use directly derived vsync (default)

00b RW | 7:6 vsyne_cntl 01 = output the directly detected vsync

38h 10 = output the vertical PLL derived vsync
11 = output the PLL vsync in alternate mode N\

This register specifies a relative thres@ to ad@%% >

isy;

00h R/W | 5:0 vsync_thresh |[for the purpose of vsync detection
Default = 0 (2's complement value)

VSYNC_TIME_CONSTANT Register - Page 0x60h &\? \\ K /

Index| Default | R/W Bit Name Description
This bit sets the output field ty. \)
0 R/W 7 field_polarity |0 — field=1 for odd fields%%default)
1 — field=0 for odd fields /figld=1Nor\¢ven figld
0 |RW]| 6 flip_field  [This bit flips even/odd §elds N\
0 RIW 5 veven_delayed This bit delays detectior\of \even flelas\ﬁy 1 vertical line (default =

0)
0 |RW ]| 4 [ vodd_delayed [This bit delays eetersionyof Ogd Xields by 1 vertical line (default = 0)

39N | 10p R/W | 3:2 fleld_diteect_mo eblts(: (\Mf@det\gon logic. (default = 2)
et tww LL time constant
) u if Ahe vloop_cntl register is not 11. Internal
uesqre\ an
10b R/W | 1:0

Status Register 1 Register %m&)xs\\

Index| Default | R/W Bit Name Description
R 5 V_colsurstripe |[Macrovision colour stripes detected. The number indicates the
A /f\ s number of colour stripe lines in each group
mX b detecte MacroVision VBI pseudo-sync pulses detection
R 4 3 1 = Detected
PN 0 = Undetected
X\> Chroma PLL locked to colour burst
chromalock |1 = Locked
3 0 = Unlocked
Ah \_/{ Vertical lock
/ 2 Vlock 1 = Locked
L\ 0 = Unlocked
Horizontal line locked
R 1 Hlock 1 = Locked
0 = Unlocked
/ No signal detection
/ R 0 no_signal 1 = No Signal Detected

0 = Signal Detected

Status Register 2 Register - Page 0x60h
Index| Default | R/W Bit Name Description
3Bh R 7:3 Reserved
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R 2 vnon_standard |Vertical frequency non-standard input signal Detected
R 1 hnon_standard [Horizontal frequency non-standard input signal Detected
0 proscanadetecte Progressive Scan Detected
Status Register 3 Register - Page 0x60h <\
Index| Default | R/W Bit Name Description -
R 7 vCr_rew VCR Rewind Detected N\
R 6 ver_ff VCR Fast-Forward Detected P U U
R 5 ver_trick  [VCR Trick-Mode Detected o~ \  \
R 4 ver VCR Detected A\ / / / A \
Noisy Signal Detected. This bit is sﬁ/hen tde cted \nol
3Ch R 3 noisy value (status register 7Fh) is greater thag‘tke vélue/progra
into the “noise_thresh” register (0pAY, .
A \4
R 2 625I|neesd_detect 625 Scan Lines Detected > < \\ \/
/\
1 SECAI\/lademCteSECAM Colour Mode Detec \\ \>
AN
0 | PAL_detected |PAL Colour Mode Detectdd”” N\ \  \_
Horizontal Sync DTO Increment Status Register - Page 0x60h
Index| Default | R/W Bit Name Description
7:6 Reserved
70h R 5:0 status_ ntai of the’” 30-bit-wide horizontal sync DTO
' hdto_inc[29:24] |i
. status__
71h R 7:0 hdto_inc[23:16]
. status_
72h R 7:0 hd§_cl15:8
. sYat
73h R 7.0 %dt%l oIX0]
Chorma Sync DTO Increment Status Register - Page 0x60h
Index| Default | R/W Bit Name Description
/16 Reserved
74h 5_0\ stat These bits contain status of the 30-bit-wide chroma sync DTO
w ' \sgt inc[29:24] |increment.
. tus_
75h R 0 cdtovinc[23:16]
. status__
76n //-\Q\ ;0 ) cdto_inc[15:8]
. 7 status__
7h { \ R 7:0 cdto_inc[7:0]

A@Mtatus Register - Page 0x60h

AGC
Index| Default | R/W Bit Name Description
78h / R 7:0 status_agc_agali These bits contain the analog AGC gain value.

n

Digital gain Status Register - Page 0x60h

Index| Default | R/W Bit Name Description
79h R 7:0 status_igc_dgal These bits contain the digital AGC gain value.

Chroma magnitude Status Register - Page 0x60h
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Index| Default | R/W Bit Name Description
7Ah R 7:0 status_cmag |[These bits contain the chroma magnitude.
Chroma Gain Status Register - Page 0x60h
Index| Default | R/W Bit Name Description
7:6 Reserved

7Bh i .

R 5:0 status_g?aln[m.

70 These bits contain the 14 bits data of the chroma gain.

7Ch R 7:0 status_cgain[7: /-\
CORDIC Frequency Status Register - Page 0x60h <> ( ( //—\\
Index| Default | R/W Bit Name Description
7Dh R 7:0 status_e(;grdlq_fr These bits contain the SECAM cc{git&,ﬂ/‘%u\ﬂéy\ k W
Noise Status Register - Page 0x60h Q\& \S
Index| Default | R/W Bit Name Description
7Fh R 7:0 status_noise

programmable register 85h\ “noise_thgesh” and status bit 3C.3h,

This registers indicates noiswth signél\i_s/{(arger values
indicate noisier signalg This registegis\used in conjunction with

N

subcarrier frequency (default = 2).

)

This bit enables the luma horizontal peaking control around the
colour subcarrier

Luma Peaking Register - Page 0x60h A
Index| Default | R/W Bit Name Description
R/W 7 Reserved
ese b se luma notch filter bandwidth
0 R/W 6 secam_ybw =na defay
N = wide
/ v hese bitg set¥he range of peak_gain.
Settin peak range value
1 (default)
. 01 2
00b R/W | 54 ek ran 0 4
80h ! 8 . .
/_\ peak = Y + YH *(peak_gain/peak_range) where Y is the luma
/\ and YH is the high frequency luma only
N 4 These bits set the gain for the luma horizontal peaking control.
010b | R 3:1 e2k gain |This allows adjustable gain to the luma around the colour
0 :

v

peak_en

frequency
0 = Disabled (default)
1 = Enabled

Comlqﬁlter onfig Register - Page 0x60h

Index

Default | R/IW

Bit

Name

Description

o

82h

/

1 R/W

sv_bf

This bit is used to enable the chroma signal to bypass the
bandpass filter in the YC separator during s-video mode. When set
to 1, the chroma signal will run through the bandpass filter, when
set to 0, the chroma signal will bypass the bandpass filter. For
composite video mode. This bit should always set to 1. (default=1)

Reserved

10b | R/W

palsw_level

This bit is used to determine how many incorrect lines are used for
the pal switch circuit before switching. Use a higher level for noisy
signals. (default = 2).
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Chroma_Lock Config Register - Page 0x60h
Index| Default | R/W Bit Name Description

lose . . . I
6h RW | 7:4 chromalock This register is used to tune the chromakill, higher values are more

sensitive to losing lock (default = 6).
count

lose_
83h | 111b | R/IW | 3:1 chromalock _ |Set the level for chromakill (default =
level
lose
1 RIW 0 chromalock _ \1/\)Ihen set, chroma is killed whenever chromlocm ; >
ckill

\/ \)
Y Clamp UP/DN Value Register - Page 0x60h A
Index| Default | R/W Bit Name Description
7 Reserved
85h
R 6:0 y_sat_lztfsglevel Y clamp up or down value within am\
CB Clamp UP/DN Value Register - Page 0x60h /\m
Index| Default | R/W Bit Name Description
7 Reserved
86h ~ |cb_sat_abs lev N
R 6:0 el latch CE)\ clamp u W vajue Withip a line
A\
CR Clamp UP/DN Value Registers - Page 0xg0 K [)
Index| Default | R/W Bit Name Description
7 Reserved

87h R | 60 /ﬁ?bs Ie é \]‘ \‘g o
: r clamp Yp or down value within a line
atgh :
w% aye \m/ .
Chroma Loop F|Iter State R(g ﬂe@ Xh@ /

Index| Default Name Description
7:4 Reserved
Mhis register sets the chroma loopfilter bandwidth state, larger
101b R/W -
8Ah state has a slower response. (default = 5)
0 R 0 ed_cslate This reg_lster fixes the state of chroma loopfilter to cstate.
(default=0)
Chromap\&ntrol Register - Page 0x60h

Index Default R/W Name Description

\ 7.1 Reserved
%h \1\-91(/ 0 Upsample the chroma by 2 before going into the hresampler.

hresampler_2up (default = 1)

Char@%mp Delay Control Register - Page 0x60h
Index| Default | R/W Bit Name Description
cpump_delay_e|Enable delay of charge-pump up/down pulses.

9”/ 0 | RW 7 n Default = 0 (disabled)
/ coum Polarity of adjustment used to compensate for possible visible
0 R/W 6 adjuSt pgl?arity artefacts caused by charge-pump pulses.

— Default = 0 (normal polarity).
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Delay, relative to charge-pump pulses, before adjustment, used to

0Ah rRW | 50 cpump_adjust_d|lcompensate for possible visible artefacts caused by charge-pump

elay pulses, is applied.
Default = 10.
Charge Pump Adjustment Register - Page 0x60h (\
Index| Default | R/W Bit Name Description

. . Value used to compensate for possible visible artefacts cau e
8Eh| C8h | RW | 7:0 | cpump_adjust charge-pump pulses. (Default = 200)

Charge Pump Delay Register - Page 0x60h ) %\ \B

Index| Default | R/W Bit Name Description

If “cpump_delay_en == 17, then the chafrg W
8Fh | B9h R/W | 7:0 cpump_delay |are delayed by “4 x cpump delay utput @i

Default = 185 —740 output pixel eI

N

RESET Register - Page 0x60h \\
Index| Default | R/W Bit Name Description
3Fh 71 Reserved

0 W 0 soft_rst Soft Reset /\] { \ \

Auto Mode Detection Register - Page 0x60h
Index| Default | R/W Bit Name Description

90h 04h R/W 7:0 auto_mode_ti |the number/of'vsy a sfo\:ghto mode change
: me_constant ()\
\/
Clamping Noise Reduction Register - Page (k \ <_J/

Index| Default | R/W Bit Name Description
7:6 Reserved

91h 0 W 5:4 ji?_ﬁlt%sel \ QS\Iamping hw% reduction filter selection
3 Reserved

3h W 2:0 \Qla\ﬁ}rffng\s{:a\q The_amednt of clamping up/dn

Clamping Noise Reduction Regigtex - Page Px60h
Index| Default | R/W Bit Name Description

92h 0 R clamp’r |The threshold to enable clamping up/du mechanism
ie\s re_thr

2D Com o ise \ d Registers - Page 0x60h
Index| Default | R/W B|t Name Description

This bit enable the use of the noise detector value as the threshold
> R/ 7 noise_th_en |value used to determine the best set of adaptive coefficients to be
used. (Default = 0)

\_/ These register bits specified the noise threshold used to determine
AFh the set of adaptive coefficients to be used. If the noise_th_en bit is
disabled, this value is directly used as the threshold value. If the
nosie_th_en bit is enable, this value is added to the value from the
noise detector before it is used.
(Default = 10)

Ah R/W | 6:0 noise_th

2D Comb Adaptive Gain Control Register - Page 0x60h
|Index| Default | R/W | Bit | Name | Description
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These register bits specified the weight for the chroma change in
horizontal chroma transition to be used in the adaptive algorithm.
Increase this value will make the adaptive comb filter to be more
11b R/W | 7:6 |horiz_diff_cgain|sensitive to the horizontal chroma change such as vertical color
bar test pattern. This will tune the adaptive comb filter to be more
favourable to the vertical comb filter mode for the chrom tput.
(Default = 3)
These register bits specified the weight for the luma chapg
horizontal luma transition to be used in the adaptive algo¥th
Increase this value will make the adaptive comb filter
11b R/W | 5:4 |horiz_diff_ygain|sensitive to the horizontal luma change such as vegrtical bl
write bar test pattern. This will tune the adaptive
more favourable to the vertical co
BOh output. (Default = 3)
These register bits specified the
vertical color transition. Increase ¢hi
10b RW | 3:2 chroma._vdiff_gacomb filter to be more sensitive Yo tkfe ve c
in such as horizontal color bar test p
comb filter to be more favourable t
(Default = 2) A
These register bits specifi
10b rRw | 10 lowfreq_vdiff_gai

n

\/
2D Comb Adaptlve Ga|n Control Register - >g\Qx6&

s

X\n ise}\};ain

Index| Default Name Description
ister bits specified the weight of chroma noise threshold
11b RW | 76 o _bur‘sg‘ti specially\forNuma burst signal and B/W signal. Increase for noisy
/\J\Qi Qefeult >3
Y ﬁ‘res_e,te@ister bits specified the weight of luma noise threshold
11b RW | 54 st\ oise ) h §pe0|ally for luma burst signal and B/W signal. Increase for noisy
B1h gain signal.
N efault = 3
These register bits specified the weight of chroma path noise
11b R threshold. Increase for noisy signal.

Default = 3

??

1:

N\

y_noise_th_gain

These register bits specified the weight of luma path noise
threshold. Increase for noisy signal.
Default = 3

N\
C rom(a &dge En}ar)cement Register - Page 0x60h
Index| Default | R/W Bit Name Description
O\—fRM 7 chroma_peak_e|This register bit enable the chroma edge enhancement cirucit.
/\ n (Default = 0)

)

chroma_coring

This register bit enables the coring function circuit which is used to

2

R/W 6 —leliminate the low level chroma noise such that the low amplitude
en . A i
noise will not be amplified. (Default = 1)
R/W | 5:2 Reserved
These register bits specified the peak gain for the chroma edge
11b R/W | 1.0 chroma_peak |enhancement. Increase this value will increase the sharpness of

the chroma edge. (Default = 3)

Control Register - Page 0x60h
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Index| Default | R/W Bit Name Description

These bits specify the threshold value for when
WT8871-C/WT8871-E  will consider the input signal a
non-standard signal. This will turn-on the non_standard status

on | rRw | 7:4 [ldpause_thresho

Id register bit and can be use to turn off the 3D comb filter. (default =
0)
B6h R/W | 3:2 Reserved
This bit enables the vertical frequency non-standard \si aI
1 R/W 1 vf_nstd_en |detection. If non-standard signals detected, the 3D- comb filt

be turned off automatically. (Default = 1)
ver_auto_switch(This bit enables the auto 3D comb fllter turnoff 0 e VC\

0 R/W 0

_en signal detected. (Default = 0)
2D Comb Filter and Notch Filter Gain Register - Page 0x60h U // > />
Index| Default | R/W Bit Name Descrlptlon
R/W 7 Reserved
These register bits specified the ga¥ ter in the luma

path. Increase this value will-iacrease\th& notch\ sfrength on the
000b | RIW | 64 notch_gain (luma output at the expen ight be seen on

the horizontal color transifi i ch as the vertical
B7h color bar test pattern.
R/W 3 Reserved
These register cifisd the gain fof the comb filter in the luma
path. Increa i |l INcrease the comb strength on the
000b | RIW | 2:0 comb_gain |lyma ouput/a e dot-crawl might be seen on the
@iﬂ colo ansh uch as the horizontal color bar test
pattern. (Dgfawmit
Active Video Vertical Start for Frame Buffgr(ﬁ;@%\w
Index| Default | R/W Bit Name Description
/Q \ hese bitjc?trol the first active video line in a field to write to the
BAh| 21h R/W | 7:0 ctlve@% d buff mory for the 3D comb filter. This specifies the number
f h from the start of a field. (Default = 33)
Active Video Vertical nghéé\gm \(&Reglster - Page 0x60h
Index| Default | R/W Name Description

These bits control the active video height for data writing to the field
BBH| 60h R 7:0 active eig |buffer memory for the 3D comb filter. This specifies the height by
’ ht the number of half lines. The value 384 is added to this register.
(default = 97 — 384+97=481 half lines)

Hsync Rljse Coyfi &gi er - Page 0x60h

Index| Default | R/W Bit Name Description
\g L\ ] ] 74 Reserved
Ch i
\ 3.0 hsync_drzﬁlse_m These bits define the width of the output hysnc pulse

VBI \/y ;5 Data 0 Reg|ster - Page 0x60h

Index| Default Bit Name Description
‘B/ no sianal path |"© signal selection for sync separator block itself
/Dh’ 0 R 7 = gsel_p —0 = no_signal generated from sync separator itself
1 = no_signal status bit from register 0x3A[0]
clock output selection
0 R 6 free_run_27m |0 = line locked clock
1 = free run clock
0 5 Reserved
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. Insert VBI raw data in CCIR656 ancillary data portion
1| R | a4 |VBUNCCR®S, - isapied
1 = enabled
CCIR656 vibration absorption selection
0 R 3 CCLR\’/Gs?]EzZV_S 0 = line vibration absorption from eav to sav
P 1 = line vibration absorption from eav to sav AN
0 R 2 vsync_(?[;t_polorl Inverse VOUT, vsync output polarity \\
hsync_out_polor| .
0 1 ity Inverse HOUT, hsync output polarity N\ \
0 0 | clk_out_polority [Inverse 13.5/27M clock output polarity /7N N\
VBI WSS DATA 0 Register - Page 0x60h O ) ( /( //\\
Index| Default | R/W Bit Name Description
7:2 Reserved
BEh 0 RW | 1 |vactive_out_sel [Enable vactive output rom DA1 > < N\ \ ~—"
0 R/IW 0 |hactive_out_sel [Enable hactive output from DAQ V\ \ \ \
\%
Input Level 1 Selection Register - Page 0x60h ;\\ w
Index| Default | R/W Bit Name Description
7 Reserved
R/G/B input en \4
0 R/W 6 rgb_input |0 = CVBS, SAi Y/Rb/PKinput
1 5 R/G/B ifippt i
. VBS OU &.g/a(s | v
0 RIW 5 CVbS_OLét_dlsabl 0% ehable /OUT
1 =¥isable RVBS O
C¥BS.\O TMu_tBut/selection
Iy] Gl pin
con| 0O1b R/W | 4:3 out_sel |01 = from\chagnel A input
nel B input
A A ghannel C input
v Chanp,el/é of the first input level selection
0 R/W 2 cRb_sel 0 = select AIN4 pin input (default)
= select AIN5 pin input
/_\ \Channel A of the first input level selection
00 = select AIN1 pin input (default)
0 R 1.0 ha__ 01 = select AIN2 pin input
10 = select AIN3 pin input
11 = reserved
Input Level 2 Setection Register - Page 0x60h
Index| Default | R/W Bit Name Description
v ADC drive current selection
2 00 = 25%
1h| \0 R 7:6 |adc_current_sel|01 = 50%
10 = 75% (default)
-\ 11 =100%l
Cb channel of the second input level selection
00 = reserved
11b R/W | 54 cb_ch_sel |01 =selectCHa
10 =select CHb
/ 11 = select CH c (default)
C channel of the second input level selection
00 = reserved
10b R/W | 3:2 c_ch_sel 01 =select CH a
10 = select CH b (default)
11 =select CHc
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Y channel of the second input level selection
00 = reserved
01b R/W | 1:0 y_ch_sel 01 = select CH a (default)
10 =select CHb
11 =select CHc
Output Selection Register - Page 0x60h <\
Index| Default | R/W Bit Name Description
R/W 7 Reserved
CH c enable T
1 R/W 6 chc_on 0 = disable
1 = enable (default) N @
R/W 5 Reserved
CH b enable "
1 R/W 4 chb_on 0 = disable
1 = enable (default) Q/) x @\/
C2h R/W 3 Reserved
CH a enable v
1 R/W 2 cha_on 0 = disable
1 = enable (default) f\\
00b R/W | 1:0 |adc_sample_clk

Luma Enhancement

Registers - Page 0x60h

ADC sampling clock s lettion:
00 = 48MHz (default)

01 = 48Mhz

10 = 48MHz

1= 96MH@ .
N W)

Index| Default | R/W Bit Name Description
R/W | 7:6 Reserved
Q hese bifs s8¢ the range of y_edge_enhance.
ettin ge _enhance range value
0 1 (default)
edgé enhalc { 2
00b R/W | 54 - 10 4
e\range 1 8
C3h ;dge_enhance =Y +YH
/\ (edge_enhance_gain/edge_enhance_range) where Y is the luma
/\ and YH is the high frequency luma only
010b These bits set the gain for the luma edge enhancement control.

This allows adjustable gain (default = 2).

o

R@ Q3_1 eﬁ%eManc
e\gain
4
@\ o\ |v_edge_enhanc
e_en

This bit enables the luma edge enhancement
0 = Disabled (default)
1 = Enabled

Sync

Ag;gqrat

v

or Pyescoast Register - Page

0x60h

Index

Default

R/W Bit Name

Description

C4h

QOh

RW | 7:0 pre_coast

The sync separator hsync output is from virtual hsync but not
source signals in the period of number of lines before Vsync
(default = 0)

SyAc }éparator Post-coast

Register - Page 0x60h

Index| Default | R/W Bit Name Description
The sync separator hsync output is from virtual hsync but not
C5h | 00h R/W | 7:0 post_coast |source signals in the period of number of lines during Vsync

(default = 4)

Luma Peaking Coring Register - Page 0x60h
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Index| Default | R/W Bit Name Description
luma_coring_en Luma peaking coring enable
0 R/W 7 - - 0 = disable (default)
able _
1 = enable
R/W | 6:3 Reserved
Luma peaking coring threshold level selection
000 = coring threshold level is set to 8
Céh 001 = coring threshold level is set to 16
luma coring 010 = cor?ng threshold level ?s set to 24
000b | RIW | 2:0 threshold 011 = coring threshold level is set to 32
100 = coring threshold level is set to 40
101 = coring threshold level is set to 48
110 = coring threshold level is set to 5
111 = coring threshold level is set to 64

Blue Stretch Register - Page 0x60h

AN
Ao\ (L

Index| Default | R/W Bit Name Descrlptlon
Blue stretch enable \>
0 R/W 7 | blue_stretch_en| 0 = disable (default)
1 =enable
Threshold level is sel d(for luma (Y) spe\m/ally
blue_stretch_ 00 = threshold level is Set t§ 832 (decixpal)
00b R/W | 65 | - 01 = threshold level is seXto\(68 (desj )
uma_threshold _ > g
10 = thresholgdevel i (decimal)
11 = thresh evel} (decimal)
for Cb / Cr specifically
blue_stretch_ issptfo16 (512+16)
c7h| 00b R/W | 4:3 chroma_ thxeshyld lgvel |s et/to 32 (512+32)
threshold to48 (512t 48)
is’setto64 (512t 64)
lue stretching amount to be processed.
00 = amqgunt)s set to 16
0y =a is set to 32
10= nt is set to 48
000b 01 ount is set to 64
00 = amount is set to 80
}1 = amount is set to 96
10 = amount is set to 112
/\ 111 = amount is set to 128
Skin Tone Adjus&n(\Reg|s§¢\ age 0x60h
Index| Default | R/W Bit Name Description

n

skin_tone_adj_e

Skin tone adjustment enable
0 = disable (default)

»

sel

((N 1 =enable
> \ \ / 6:2 Reserved
y Skin tone adjustment type selection
C8h t 00 = type 1 - window (0, -0.5, 0.3, 0.6)
skin tone tvoe 01 = type 2 - window (0, -0.5, 0.3, 0.6) + (0, -0.25, 0.2, 0.8)
Ob R/W | 1:0 —ONe_yPe 140 = type 3 - window (0, -0.5, 0.3, 0.6) + (0, -0.25, 0.2, 0.8) + (0O,

-0.6,0.3,0.5)
11 = type 4 - window (0, -0.5, 0.3, 0.6) +
-0.6, 0.3, 0.5) + (0, -0.7, 0.4, 0.5)

(0, -0.25, 0.2, 0.8) + (0,

Anti-alias Filter Control Register - Page 0x60h

Index

Default

R/IW

Bit

Name

Description

C9h

74

Reserved
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adc_clamp_upd Y, Cb, Cr clamp up, down controls via digital circuit enable:
1 R/W 3 - — 0 = disable
n_backup_en |4 _ onable (default)
Clamped Y signal’s hsync tip source
0o |rRW| 2 adc—':fy”;n—ba‘:ko = original ADC’s signal (default)
P 1 = hsync sync tip is made by SOG’s estimation (\
anti alias analo Anti alias analogue filter enable
0 R/W 1 Ue filter en 0 = disable (default)
gue_ - 1 =enable
anti alias di italAnti alias digital filter enable
o |RW| 0 _filter_eng 0 = disable (default)
- - 1 =enable A N
SOG Control Registers - Page 0x60h A A\ U //) />

Index| Default | R/W Bit Name Description

fix_sog sog_threshold and sog_a

0 = disable, the sog_threshold an

0 R/W 7 fix_sog_setting hardware (default)

1 = enable, the settings ar |xed
sog_amplifier reglster

CAh SOG amplifier multipl
00 = multiply 3 (default
00b R/W | 6:5 sog_amplifier |01 = multiply 5
10 = multlp
11 = muItlpI

14h | RW | 4:0 [ sog_threshold |§OG thresﬁo{d (;}é ,ad t(z'1\4 hVv

ADC Clamp Placement Register - Page 0x6 ﬁ \
Index| Default | R/W Bit Name Description

CBh| 10n [RW | 7:0 agQ¥place [ |Clamp Placsment
\Z4

ADC Clamp Duration Registef - Eﬁe\@x h

e auto set by

nd

Index| Default | R/W Bit Name Description
CCh| 10n [ RW | 7:0 [/ a§ cldux_\/Clamp Duration

ADC Channel A Gain/ﬁﬁjﬁst\Réﬁ\e( \gé 0x60h

Index| Default | R/W Bit Name Description

cbh| FFh | RN[(7:0 [\ &dc_g¥h [ADC gain adjust

ADC Chaguei—-l\\h@\gdjust R¥gister - Page 0x60h

Index Default Bit Name Description

7R/ Reserved
DOh ;
l 1\Eh R/W 5:0 ch_a_offset |Channel A offset adjust

N4

ADC gqannel B Offset Adjust Register - Page 0x60h

Index| Default | R/W Bit Name Description
—B’( 7:6 Reserved

} 1Fh R/W | 5.0 ch_b_offset |[Channel B offset adjust

ADC Channel C Offset Adjust Register - Page 0x60h

Index| Default | R/W Bit Name Description
D2h 7:6 Reserved

1Fh R/W | 5.0 ch_c_offset |Channel C offset adjust
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Hsync_feedback Pulse Control Register - Page 0x60h

Index| Default | R/W Bit Name Description
Hsync Path Select for CCIR656 encoder and scaler
0 R/W 7 | hsync_path_sel| 0 = original Hsync_27M (cvd2 path) (default)
1= Hsync_feedback + HS_DEL (SOG, PLLpath) <\
0 RIW 6 adc_hsync_ |ADC Hsync Polarity control, Hi for positive, Lo for negative\edge
polarity as starting counting for CIPlace[7:0]
Hsync path delay for CCIR656 encoder and scaler to enhance
Hsync robustness
D3h 0 R/W 5 half_delay_sel 0 = No delay (default)
1 = 0.5 clock cycle (27M) delay A\ A
hactive Path Select N \)
0 RIW 4 hactive_path_ | 0 = original hactive_27M (cvd2 path) (de )
sel 1 = Hsync_feedback + HS_DEL (+ Rackive\stat_pll(+
hactive_width_pll (SOG, PLL pat
oh rRw | 30 sog_hsync_dela|pulse width control for Hsync_fee kKXSOG, RL pa?ﬁfworking
’ y_pulse_width |associated with HS_DEL register
\Z4
HS_DEL Register - Page 0x60h X //\\ \Eﬁ
Index| Default | R/W Bit Name Description
Number of clocks delay \{pplied for HSyng (SOG, PLL path),
D4h | 0O0h R/W | 7:0 HS_DEL[7:0] |working associ ith ng Pulse Control register (0xD3), it's
working whed bt 7~and it o\of kegister 0xD3 are set
HS_DEL and MISC Register - Page 0x60h<\ ( ( / ﬂ
Index| Default | R/W Bit Name Description
adc_clamp_ hs Aq—s cl pWe selection:
0 R/W 7 sel = seldgt Kync ator hsync
/\& = selec\internal hsync
v sync Polarjty>control for Sync Separator output for PLL27M
Syhc_ségp\hsy!
0 R/W 6 Nz 0 X Sync Se¢parator output positive Hsync (active high) (default)
cAolqrit _ . .
\1\— C Beparator output negative Hsync (active low)
D5h RW | 5:3 Reserved
\h/s h S\eCSync Path Select for PLL27M
1 R/W /"\ y IR = select hsync decoded from SOG path
\ - 1 = select hsync decoded from cvd2 path (default)
\/ Number of clocks delay applied for Hsync (SOG, PLL path),
00b R 1:0 SN\DEL[9:8] |working associated with Hsync Pulse Control register (0xD3), it's
working when bit 7 and bit 6 of register 0xD3 are set
Self Tegf Pattern gk{e : Page 0x60h
Index| Default | R/W Bit Name Description
\7 self test pattern CCIRG656 self test pattern selection enable:
o\ | R 7 —est.p 0 = disable (default)
en
- 1 = enable
<\ RW | 6:3 Reserved
CCIR656 self test pattern selection:
D6h 000 = colour bar (default)
/ 001 = grey level
. 002 = white screen
/ 000b | R/W | 2:0 [self test pattern 003 = black sereen
004 = red screen
005 = green screen
006 = blue screen

Digital ADC Clamp Time Constant Register - Page 0x60h
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Index| Default | R/W Bit Name Description
RW | 7:3 Reserved
Time constant to adjust ADC clamp via digital method, smaller
value get quicker clamping to correct level
0 = adjust every 1 pulse (Up / Down pulses)
D7h 1 = adjust every 2 pulses
000b | RW | 2:0 adc_clamp_time|2 f adjlust every 4 pulses
_const 3 = adjust every 8 pulses
4 = adjust every 16 pulses
5 = adjust every 32 pulses
6 = adjust every 64 pulses
7 = adjust every 128 pulses

CCIR656 Width Register - Page 0x60h

aN
Y AN

Index| Default | R/W Bit Name Description
These bits control the active videy lileAime\in rva\@:?MR%G
ccir656 hactive format output. This register speciffes the width of the=active line,
D8h | 80h R/W | 7:0 — and should not be used to crop the pade to a\smaller size. The
_width : .
value 640 is added to this registe
(default = 128 — 640+1285768)K
N
PLL_27M Divider Register - Page 0x60h
Index| Default | R/W Bit Name Description
D9h | B4h R/W | 7:0 NF27M [7:0] The 10 bits dividar
01b R/W | 1:0 NF27M [9:8]
DAh
7:2 Reserved
The formula of this PLL_27M is @
output freq. = ( NF27M[9:0 {}()24 fleq. of Ry
Input hoix PP@Q%Q/V lue for AFE | PLL output Remark
Hsync P EZ27M[9:0] frequency
NTSC 15.734 KHz 00 < 716 716 — 1024 = 692 27 MHz 13.5 MHz 525-line
= 0x2B4h non-square pixel
ﬂb\ 5 860 — 1024 = 536 2454 MHz [12.27 MHz 525-line
/7~ \ = 0x218h square pixel
PAL / 15.625 01 17287 [1728 — 1024 = 704 27 MHz 13.5 MHz 625-line
SECAM =0x2C0h non-square pixel
11 \A888 1888 — 1024 = 864 29.5 MHz  |14.75 MHz 625-line
/_\ = 0x360h square pixel

he aqtual dividen\is 1%;-bit counter. MSB (bit 10) is always set, bit 9:0 are programmable. So the
fréquency multiplification range is from 1024 to 2047.

Misc.@gister - Page 0x60h

Index| Default | R/W Bit Name Description
DBh/ / 7 Reserved
/ auto detection |7V Mode auto detection
] o |rRw| &6 o °"~|0 = disable (default)
1 =enable
Automatic soft reset when vsync or hsync or chroma is unlock or
special_reset_ |no signal
0 | RW | 5 | R e N able (defaull
1 = enable
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0 4:1 Reserved
Power down mode
0 = disable (default)
0 RIW 0 pd 1 = enable, enter power down mode
During power down mode only 12C, registers, XTAL alive
Digital ADC Clamp Register - Page 0x60h a\
Index| Default | R/W Bit Name Description
ade clam The ADC clamp up/down pulse limit
0 |Rw | 7 | 2eot ‘;—n 0 = disable (default)
DCh €N |1 = enable >
. adc_clamp_ |The limit value for the ADC clamp wn p Is h
OAh RIW | 6.0 threshold valid when adc_clamp_threshold_en =

Digital ADC Clamp Register - Page 0x60h <\/>&\ ( (//\/

Index| Default | R/W Bit Name Description

R 7 status_sync_ no signal statue bit which is detectedBK\QC s@tor

sep_no_signal
These bits contain status a waerpllfler multiplier
00 = multiply by 3

DDh R 6:5 | status_amplifier|01 = multiply by 5
10 = multiply by 9
11 = multiply t}y/l’T\
R 40 status_sog_ |These bits o) ardware SOG slice level
' threshold  |agtomatic dj stm
Digital ADC Clamp Registers - Page 0x60h } )
Index| Default | R/W Bit Name Description
adc o_in dccla uringTon active video region
1 R/W 7 L = adc chamg in every hsync
tive_e
\ = adc clamgponly in hsync of non active
DEh R/W | 6:4 Reserved
N lamp N Wh.mme/register adc_clamp_in_non_active_en =, this register
8h R/W | 3:0 P2 sets the number of hsyncs before active video, durlng these
actye Wi {th
yncs the adc clamp up/dn is actived
RGB Input Sync He@er&& 0x60h
Index| Default | R/W Bit Name Description
\J\7:5 Reserved

DFh
1 w 4\& rgb_‘iﬁpqt_hsync When R/G/B input, this register sets the height of the sync height

_height
Misc. Register - Rage 0X6Ph

Index| Default | R/W Bit Name Description
~ [\ [RW] 73 Reserved
\ When VCR mode detected, the output clock are forced to free run
1 RIW 2 ver_free_run_27|27MHz clock:
m_en 0 = disable
1 =enable
ECh ADC clamp behaviour selection:
0 R/W 1 no_clamp |0 = ADC with clamp
/ 1 = ADC without clamp
No clamp during vsync for ADC selection:
1 R/W 0 auto_no_clamp |0 = disable, the ADCs are always clamped

1 = enable, the ADCs are not clamped during vsync

Rainbow Pattern Suppression Registers - Page 0x60h
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Index| Default | R/W Bit Name Description
0 RIW 7 rainnow_suppr |Enabled to suppress rainbow pattern
EDh ess_en
05h rRW | 60 y_up_lo_diff t |[When the luma upper and lower pixels difference is larger than
) hreshold this value, the rainbow pattern suppression is activated
0 RIW 7 rainbow_band |The 2D Y/C separation’s bandpass filter coefficient is §seqd as a
EEh _coef factor to adjust rainbow pattern
05h RW | 60 y_ri_le_diff_thr |When the luma right and left pixels difference is larger th is
) eshold value, the rainbow pattern suppression is activated
R/W 7 Reserved
EFh 14n | RW | 60 [Y-diagonal_dif \When the luma diagonal pixels dlfference is larg
) f_threshold the rainbow pattern suppression is act a d
Auto Mode Detection Registers- Page 0x60h AN <\ // ) /\>
Index| Default | R/W Bit Name Description
auto_mode_F
F3h | EAh R/W | 7:0 |cMore_up_thr |For adjust auto mode detectlon FcMorxe opper theeskold
eshold
auto_mode_F \u&?
F4h | 20h R/W | 7:0 |cLess_lo_thre |For adjust auto mode ion FolLe reshold
shold
auto_mode_F
F5h | 40h R/W | 7:0 |cLess_up_thre |For adjust aut etextio FcLess upper threshold
shold
auto_mode_F
Féh | DOh R/W | 7:0 |cMore lo_thre r adjust auto e deteption FcMore lower threshold
shold
Misc. Registers- Page 0x60h
Index| Default | R/W Bit Name Description
uto stan ode detection results:
standard, state = PALI
FEh Oh R : = PALCN
6 = PALM
7 = PAL60
8 = NTSC443
9 = SECAM
Others = reserved
chip_revision |Chip version
Characteristics

2 ~R\ | &
1. ol

Maximum Ratings

Parameter Min. Max. Unit
5V Powelr supply voltage -0.5 6.0 V
3.3V Poyer supply voltage -0.5 3.8 v
2.5/ Pdwer supply voltage -0.5 3.0 v
BC ybltage on I/0 Vgs— 0.5 Vppsa * 0.5 v
l©perating ambient temperature (commercial use) 0 +70 C
Operating ambient temperature (extending temp. range) -20 +80 C
Storage temperature -40 +120 C

*Note: Any other outside extending temp. range, please contact and discuss with us. Besides
temperature, stresses above those listed may cause permanent damage to the devices.
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5.2. DC Characteristics

Ta=25°C A

Symbol Parameter Condition Min. Typ. Max. Unit

Vbpos 2.5V Supply Voltage 2.3 2.5 2.7 \V

Vooss | 3.3V Supply Voltage 3.1 3.3 35 N

Vee 5V Supply Voltage 475 5.0 52\ | V¥

Iop2s 2.5V Operating current //\ mA\

Ippas 3.3V Operating current A\ / //\ \mA

Ipps 5V Operating current Vv ) // nM

Vi Input high voltage 0.7V | &\ | VAFos | Y

Vi Input low voltage Vss-83NA N\ | 4.3\ Vv

Vo Output high voltage lon = -6MA; Vppza=3.3V 2.4 ) < NN ] Vv

Voo Output low voltage lor = 6MA; Vpp33=3.3V MO\ \ 0.4 v

loz Tri-state leakage current \Q\Q 11 A
5.3. AC Characteristics @

5.3.1. General />
AN
Symbol Parameter Condition Typ. Max. Unit
fosc Oscillator frequency \ \ \ / / 20 24 28 MHz
2
5.3.2. I°C Interface @/\<\ @

Symbol Parameter Min. Typ. Max. Unit
fscL SCL input clock freq\/?wgy\ \ \ 0 - 400 KHz
tar Bus free time, 7\ \ \ 1 - - us
tpsTarT |Hold time fgf START Sondithen \ 0.6 - - us
tsu,sTarT |Set-up @ for START Sonditish 0.6 - - us
thichscL |SCL cIock\biéQ time \ > 0.6 - - us
tLowscL JBCL cloek 10w thpe . 0.6 - - us
tHD,DATA/ ,I‘E)Idﬁhie\fxgr bﬁf)g input 0 - - ns
tup.paAo [|Hold timd foy DATA output 80 - - ns

,DATA\ \Set-up ti%e/for DATA input 20 - - ns
tsu,paTA0\SetupAipe for DATA output 100 - - ns
trise, g6\ Stterid SDA rise time - - 1 us
tearLde | |SCL and SDA fall time - - 300 ns
tSU,STAP/ Set-up time for STOP condition 0.6 - - us
tsﬁ,é/ Pulse width of spike that suppressed by input filter - - 50 ns
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START START STOP
tHD,DATA
— e

SDA / | >< X ——\\_/

i thichscL b tsupama E

! | — | e '
R I N S IR

e | N A

:"_': tLOW,SCL :*_’: t

tho.starT tsustart ST

N\

5.3.3. BT.656 Input /\<®
Symbol Parameter Min. Typ. Max. Unit
foLk 656 BT.656 clock frequency \ \ [ \ Y - 27 MHz
tsu.656 BT.656 data setup time \\\\ \ V// 2 - - ns
tHp,656 BT.656 data hold time 2 - - ns
5.4. DAC Charactfz/(g <S\<0>
Symbol Parameter Condition Min. Typ. Max. Unit
INLpac  |Integral nonllnearltM\ +1 LSB
DNLpac |Differential no/nhﬁequty\ \) *1 LSB
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6. Package Outline

LQFP 128 pin : 14mm(W) x 14mm(L) x 1.4mm(H)

128 gr
101 S EEY 1T AIE T

L
N

.25

SN

&\ R ) S ST

VARIATIONS (ALL DIMEMSIONS SHOWHN B4 MM}

DETAIL A
SYMBOLS | MIN, MM, MAX. _—
A — — | 180
a1 0.05 -= | 015
Al 1,38 | 1.40 | 1.48
> b 213 | o8 | 0.23 WOTES:
“ 0.09 — 0.20 1.08TUM FLSHE [F 15 LOCATED AT THE BOTTOM
0 16.00 BSC _|'-'F THE WOLD PSATING LIME COINCIDEMT WITH
{ D TR WHERE THE LEAD EXITS THE BODY.
3 16.00 BSC ZOMENSIOMG D1 AND E1 DO HOT INCLUDE
3 ol MOLD PROTRUSION. ALLOWABLE PROTRUSKON
- - 15 025 mm PER SIDE. DIMENSIONS [ AND
/ @ 0.40 BSC El [0 MCLUDE MOLD WSMATCH AMD ARE
L 045 | 060 | 075 DETERMMED AT [ATUM PLANE [H].
L1 1.00 REF 3.DMENSION b DOES MOT MCLUDE DAUEAR
e o | 58| ¥ FROTRUSIH.
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