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Introduction
In this document, we will introduce 6 RA8873M functions. About MCU Write Data and Display Input Data Format,

Draw, DMA, BTE, PIP, font and PWM function...etc, and provider Application Programming Interface about that.
Firstly, you need to select your MCU I/F Protocol ~ LCD Panel - MCU and Display Input data format - GT Font
ROM and PLL(SDRAM CLK ~ Core CLK ~ Pixel CLK) in “Userdef.h” for meeting application environment.
Detailed description and settings, such as PLL Setting, SDRAM initialization or LCD initialization, please refer
appendix 1/2/3.

MCU I/F Protocol : RA8873M provider Parallel 8080 ~ Parallel 6800 - SPI — 3 wire ~ SPI — 4 wire ~ |IC for MCU
Interface.

MCU and Display Input data format:

8-bit MCU, 8bpp mode -~ 8-bit MCU, 16bpp mode -~ 8-bit MCU, 24bpp mode ~ 16-bit MCU, 16bpp mode -

16-bit MCU, 24bpp mode 1 - 16-bit MCU, 24bpp mode 2.

GT Font ROM : RA8873M supports the various fonts to display by using the external Genitop font ROM.
PLL(SDRAM CLK- Core CLK-Pixel CLK) : SDRAM CLK (Maximum 166MHz) ~Core CLK (Maximum 120MHz) -
Pixel CLK (Maximum 80MHz).

SDRAM CLK must = Core CLK.

In 16bpp color depth : Core CLK = 1.5 * Pixel CLK

In 24bpp color depth : Core CLK = 2 * Pixel CLK
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Chapter 1: MCU Write Data and Display Input Data Format

Overview:
Switch Layer Introduction
RA8873M provide 6 tpye mode for MCU write data to SDRAM :
1.8-bit MCU interface, 8bpp color depth mode (RGB 3:3:2)
2.8-bit MCU interface, 16bpp color depth mode (RGB 5:6:5)
3.8-bit MCU interface, 24bpp color depth mode (RGB 8:8:8)
4.16-bit MCU interface, 16bpp color depth mode (RGB 5:6:5)
5.16-bit MCU interface, 24bpp color depth mode 1 (RGB 8:8:8)
6.16-bit MCU interface, 24bpp color depth mode 2 (RGB 8:8:8)

This chapter will help user easy to use the 6 type mode.
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Switch Layer Introduction:
RA8873M provides three layers, Layerl address is 1572864, Layer2 address is 3670016, Layer3 address

is 5767168, here provides two sets of API, so that users can directly select the layers you want to write,

and you want to display. The program as follows:

void Write_Layer(unsigned char Layer)

{

unsigned long address;

switch(Layer)

{
case 1:
address = Layerl; /ILayerl address define in userdef.h
break;
case 2:
address = Layer2; /ILayer2 address define in userdef.h
break;
case 3:
address = Layer3; /ILayer3 address define in userdef.h
break;
}

Canvas_Image_Start_address(address); //set data write address

Goto_Pixel_XY(0,0);

void Show_Layer(unsigned char Layer)

{

unsigned long address;

switch(Layer)

{
case 1:
address = Layerl; /ILayerl address define in userdef.h
break;
case 2:
address = Layer2; /ILayer2 address define in userdef.h
break;
case 3:
address = Layer3; /[Layer3 address define in userdef.h
break;
}
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Main_Image_Start_ Address(address); //set display screen address
Main_Window_Start_XY(0,0);

Example 1:

Write_Layer(1);

Show_Layer(1);
Program Results: Set writing address is layer 1, and display screen address is layer 3.
Example 2:

Write_Layer(2);

Show_Layer(3);

Program Results: Set writing address is layer 2, and display screen address is layer 3.
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1.1.1:8-bit MCU interface, 8bpp color depth mode (RGB 3:3:2)

Order | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0
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Table 1 : 8-bit MCU, 8bpp mode data format
API :

Using 8 bits MCU interface and 8bpp color depth. MCU write data into SDRAM.

void MPU8_8bpp_Memory_Write

(

unsigned short x //x of coordinate
,unsigned short y // y of coordinate
,unsigned short w //width

,unsigned short h //height

,const unsigned char *data //8bit data

)
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Example :

Write_Layer(1);//Reference Page.5~6

Show_Layer(1);// Reference Page.5~6

MPUS8_8pp_Memory_Write(0,0,128,128 ,gimage_8);
MPUS8_ 8pp_Memory_Write(200,0,128,128 ,glmage_8);
MPUS8_ 8pp_Memory_Write(400,0,128,128 ,glmage_8);

/lglmage_8 is 8bit array data ,8bpp color deepth ,size 128x128 picture data.
The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.1 :Using 8 bits MCU interface and 8bpp color depth. MCU write data into SDRAM(Layer1).
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1.1.2:8-bit MCU interface, 16bpp color depth mode (RGB 5:6:5)

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
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Table 2 : 8-bit MCU, 16bpp mode data format
API :

Using 8 bits MCU interface and 16bpp color depth. MCU write data into SDRAM.

void MPU8_16bpp_Memory_Write

(

unsigned short x // x of coordinate
,unsigned shorty // y of coordinate
,unsigned short w // width

,unsigned short h // height

,const unsigned char *data // 8bit data

)

example:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
MPU8_16pp_Memory_Write (0,0,128,128,glmage_16);
MPU8_16pp_Memory_Write (200,0,128,128,glmage_16);
MPU8_16pp_Memory_Write (400,0,128,128,glmage_16);
/lgimage_16 is 8bit array data , 16bpp color deepth ,size 128x128 picture data.
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The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.2 : Using 8 bits MCU interface and 16bpp color depth. MCU write data into
SDRAM(Layer1).
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1.1.3 :8-bit MCU interface, 24bpp color depth mode (RGB 8:8:8)

Order | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | Bit0

OO |WIN|F
o
=
|
oy
=
o
oy
=
of
o)
fix
I
o8}
fix
o
o)
=
N
o)
=
H
o)
=
g

Table 3 : 8-bit MCU, 24bpp mode data format
API :

Using 8 bits MCU interface and 24bpp color depth. MCU write data into SDRAM.

void MPU8_24bpp_Memory_Write

(

unsigned short x // x of coordinate
,unsigned short y // y of coordinate
,unsigned short w // width

,unsigned short h // height

,const unsigned char *data // 8bit data

)

example:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
MPUS8_24pp_Memory_Write (0,0,128,128 ,gimage_24);
MPUS8_24pp_Memory_Write (200,0,128,128,gIlmage_24);
MPUS8_24pp_Memory_Write (400,0,128,128,gIlmage_24);
/lglmage_24 is 8bit array data , 24bpp color deepth ,size 128x128 picture data.
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The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.3 : Using 8 bits MCU interface and 24bpp color depth. MCU write data into SDRAM(Layer1)
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1.1.4:16-bit MCU interface, 16bpp color depth mode (RGB 5:6:5)

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
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Table 4 : 16-bit MCU, 16bpp mode data format
API :

Using 16 bits MCU interface and 16bpp color depth. MCU write data into SDRAM.

void MPU16_16bpp_Memory_Write
(
unsigned short x //x of coordinate
,unsigned short y //y of coordinate
,unsigned short w //width
,unsigned short h //height

,const unsigned short *data //16bit data

)

example:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
MPU16 16bpp_Memory_Write (0,0,128,128,pic1616);
MPU16_16bpp_Memory_ Write (200,0,128,128,pic1616);
MPU16_16bpp_Memory_ Write (400,0,128,128,pic1616);
/lpic1616 is 16bit array data , 16bpp color deepth ,size 128x128 picture data.

RAIO TECHNOLOGY INC. 13/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.4 : Using 16 bits MCU interface and 16bpp color depth. MCU write data into
SDRAM(Layer1).
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1.1.5:16-bit MCU interface, 24bpp color depth mode 1 (RGB 8:8:8)

Order | Bitl5 | Bitl4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Gy Gy Gy’ Gy Gy Gy’ Go | G | Bo' | B | Bo | Ba" | Boo | B | Bo | Bo
2 B,/ B, B, B, B, B2 | Bif [ B’ [ R’ | R | R | R&" | Roo | R | Ro. | Ro
3 R, R,° R, R, R, R, R:« |[RP[G |G| |G| G767 | G| GS
4 G, G, [ G, [ G, G,y | GY | B [ B | B | BSY | B | B | BiY | BY
5 B’ B3’ Bs Bs" Bs® By’ B [ B | R R’ | R |R|RS|RS| R | R
6 Rs’ Rs° Rs Ry Rs Ry Ry | R |G’ |G [ G |G |G | G | G | G

Table 5: 16-bit MCU, 24bpp mode 1 data format

API:

Using 16 bits MCU interface and 24bpp color depth mode 1. MCU write data into SDRAM.

void MPU16_24bpp_Model_Memory_Write
(
unsigned short x //x of coordinate
,unsigned short y //y of coordinate
,unsigned short w //width
,unsigned short h //height

,const unsigned short *data //16bit data

)

example:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
MPU16_24bpp_Model_Memory_Write(0,0,128,128,pic16241);
MPU16_24bpp_Model_Memory_Write(200,0,128,128,pic16241);
MPU16_24bpp_Model_Memory_Write(400,0,128,128,pic16241);
/lpic16241 is 16bit array data , 24bpp color deepth mode 1,size 128x128 picture data.
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The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.5 : Using 16 bits MCU interface and 24bpp color depth mode 1. MCU write data into
SDRAM(Layer1).
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1.1.6:16-bit MCU interface, 24bpp color depth mode 2 (RGB 8:8:8)

Order | Bitl5 | Bit14 | Bit1l3 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Go’ Go Go Go' Go G | Go | GO [ B | B’ | Bo | B | B | B | Boo | By
2 n/a n/a n/a n/a n/a n/a na | na | R' | R | R | Re | R | R | Ro | Ry
3 G/ | G | G | G | G | G [G'[G"[ B/ [B° B’ | B |[B°]|B°][|B:. |B
4 n/a n/a n/a n/a n/a n/a na | na | R/ | R | R\ |[RY | RS | RS | RS | RS
5 G | G | G© | G | G© | G | G [ G | B [ BY | B | B | B | BY | Bo | By
6 n/a n/a n/a n/a n/a n/a na | na | R | RPE [ R’ | R | RS | RS | Ry | RS

Table 6 : 16-bit MCU, 24bpp mode 2 data format
API :

Using 16 bits MCU interface and 24bpp color depth mode 2. MCU write data into SDRAM.

void MPU16_24bpp_Mode2_Memory_Write
(

unsigned short x //x of coordinate
,unsigned short y //y of coordinate
,unsigned short w //width

,unsigned short h //height

,const unsigned short *data //16bit data

)

example:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
MPU16_24bpp_Mode2 Memory_Write(0,0,128,128,pic1624);
MPU16_24bpp_Mode2 Memory_Write(200,0,128,128,pic1624);

MPU16_24bpp_Mode2 Memory_Write(400,0,128,128,pic1624);
/lpic1624 is 16bit array data , 24bpp color deepth mode 2,size 128x128 picture data.
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The example dispaly on LCD(Layer1):

(200, 0) (400, 0)

Figure 1.6 : 16 bits MCU and 24bpp color depth mode2 MCU Write data to SDRAM(Layer1)
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Chapter 2 : Draw Functions

Overview:

2.1:

In So many Human Machine Interface (HMI) applications, they often need to display some geometric
figures for using as push button, sensor or the other specified symbols. If users want to support this display
requirement through MCU firmware process, they must consume so many system resource or effort.
RA8873M provides the geometric engine which can easy to achieve geometric display on th TFT-LCD by
just a few commands. Users can even choose the color of geometric figure and should it be filled or not.

The purpose of this application note will help users to know how useful RA8873M is.

Ellipse/Circle Input

RA8873M supports draw ellipse/circle drawing function makes user to draw ellipse/circle on the Display
Data RAM only use by few MCU cycles. By setting the center of a ellipse/circle REG[7Bh~7Eh] ,the major
and minor radius of a ellipse REG[77h~7Ah], the color of ellipse/circle REG[D2h~D4h], the draw
ellipse/circle condition REG[76h] Bit5=0 and Bit4=0, and then setting start draw REG[76h] Bit7 = 1,
RA8873M will draw a corresponding ellipse/circle on the Display Data RAM. Moreover, user can fill the
circle by setting REG[76h] Bit6 = 1.

Note :The center of ellipse/circle should within active windows.
The procedure of drawing ellipse/circle just refers to the below figure:

Set the center ofa
ellipse/circle I L 2
REG[7Bh~7Eh] 1
Don't fill a ellipse/circle fill a ellipse/circle
REG[76h] bit6=0 REG[76h] bit6=1
y
Set
the major and minor radius v v
o; E gl[ll7p7s:~/<;|;clit]a [ Start drawing eII.ipse/circIe } [ Start drawing eII_ipse/circIe }
REG[76h] bit7=1 REG[76h] bit7=1

\ 4

Set the color of a
ellipse/circle

REG[D2h~D4h]

- .
minor radlusI
. major radius

center

color

Set draw ellipse/circle !
condition mingr radiusi

it5= it4=| 1

REG[76h] bit5=0,bit4=0 | imaior radius

N N Y

center

color

Figure 2.1
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Draw Ellipse/Circle API :

void Draw__Circle
(
unsigned long ForegroundColor //ForegroundColor: Set Draw Circle or Circle Fill color

/*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short R //Circle Radius

)

void Draw_Circle_Fill

(

unsigned long ForegroundColor
/*ForegroundColor: Set Draw Circle or Circle Fill color

ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center

,unsigned short R //Circle Radius

)

void Draw_Ellipse
(
unsigned long ForegroundColor //ForegroundColor : Set Draw Ellipse or Ellipse Fill color
/*ForegroundColor Color dataformat :

ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short XCenter //coordinate X of Center

,unsigned short YCenter //coordinate Y of Center

,unsigned short X_R // Radius Width of Ellipse

,unsigned short Y_R // Radius Length of Ellipse

)

void Draw_Ellipse_Fill

(

unsigned long ForegroundColor //ForegroundColor : Set Draw Ellipse or Ellipse Fill color

/*ForegroundColor Color dataformat :
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ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short XCenter //coordinate X of Center

,unsigned short YCenter //coordinate Y of Center

,unsigned short X_R // Radius Width of Ellipse

,unsigned short Y_R // Radius Length of Ellipse

)

Example 1:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+

//When color depth = 8bpp
Draw_Circle(0Oxfc,500,50,50);
Draw_Circle_Fill(0xfc,650,50,50);

Or

//When color depth = 16bpp
Draw_Circle(0xffe0,500,50,50);
Draw_Circle_Fill(0xffe0,650,50,50);
Or

//When color depth = 24bpp
Draw_Circle(0xffff00,500,50,50);
Draw_Circle_Fill(0xffff00,650,50,50);

LCD dispaly screen(Layerl):

@) O
(500, 50) (650, 50)

Figure 2.2 : Draw a Yellow Circle ,Center(500,50), R = 50,
and draw a Yellow Circle Fill, Center(650,50), R = 50.
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Example 2:

Write_Layer(1);//Reference Page.5~6

Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length);

+

/IWhen color depth = 8bpp

Draw_Ellipse(0x1f,100,200,100,50);
Draw_Ellipse_Fill(0x1f,350,200,100,50);

Or

//When color depth = 16bpp

Draw_Ellipse(0x07ff,100,200,100,50);
Draw_Ellipse_Fill(0x07ff,350,200,100,50);

Or

//When color depth = 24bpp

Draw_Ellipse(0x00ffff,100,200,100,50);
Draw_Ellipse_Fill(0x00ffff,350,200,100,50);

LCD dispaly screen(Layerl):

RA8873M

Application Programming Interface V1.2

/Iset full LCD size can draw graph

O

(100, 200)

O
(350, 200)

Figure 2.3 : Draw a blue-green Ellipse Center(100,200), X Radius = 100, Y Radius = 50,
and Draw a blue-green Ellipse Fill Center(350,200), X Radius =100, Y Radius =50

RAIO TECHNOLOGY INC.
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2.2: Curve Input

RA8873M supports curve drawing function for user to draw curve on the Display Data RAM only by few
MCU cycles. By setting the center of a curve REG[7Bh~7Dh] ,the major and minor radius of a curve
REG[77h~7Ah], the color of curve REG[D2h~D4h], the draw curve condition REG[76h] Bit5=0 and Bit4=1,
the curve part of the ellipse REG[76h] Bit[1:0], and then setting start draw REG[76h] Bit7 = 1, RA8873M wiill
draw a corresponding curve on the Display Data RAM. Moreover, user can fill the curve by setting

REG[76h] Bit6 = 1.

RA8873M

Application Programming Interface V1.2

Note :the center of curve should within active windows.

The procedure of drawing curve just refers to the below figure:

e N
Set the center of a curve
REG[7Bh~7Dh]

. J
4 N\
Set
the major and minor radius
of a curve
S REG[77h~7Ah] )

Set the color of a curve
REG[D2h~D4h]

A 4

|

Don't fill a curve
REG[76h] bit6=0

fill a curve
REG[76h] bit6=1

—

A

REG[76h] bit7=1

[ Start drawing curve }

Start drawing curve
REG[76h] bit7=1

~—

DE =01 IZ?P =10
' major radiu

minor radius

J

major radius

~
Set draw curve condition é--2--2--1
REG[76h] bit5=0,bit4=1 center centu
J
/ color color
A DECP =00 DECP =11
Set draw curve part select
REG[76h] bit[1:0](DECP)
J
Figure 2-4
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Draw Curve and Draw Curve Fill API :

void Draw_Left Up_Curve
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

/*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

void Draw_Right_Down_Curve
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

[*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

void Draw_Right_Up_Curve
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

/*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)
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void Draw_Left Down_Curve
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

[*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

void Draw_Left Up_Curve Fill
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

/*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

void Draw_Right_Down_Curve_Fill
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

/*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

RAIO TECHNOLOGY INC. 25/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

void Draw_Right_Up_Curve_Fill
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color
[*ForegroundColor Color dataformat :

ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)

void Draw_Left Down_Curve_Fill
(
unsigned long ForegroundColor //ForegroundColor: Set Curve or Curve Fill color

[*ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : RBG8B8*/

,unsigned short XCenter //coordinate X of Center
,unsigned short YCenter //coordinate Y of Center
,unsigned short X_R // Radius Width of Curve
,unsigned short Y_R // Radius Length of Curve

)
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Example :
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+

//When color deepth = 8bpp

Draw_Left Up_Curve(0xe3,550,190,50,50);
Draw_Right_Down_Curve(0xff,560,200,50,50);
Draw_Right_Up_Curve(0xff,560,190,50,50);
Draw_Left Down_Curve(0x1c,550,200,50,50);
Draw_Left_Up_Curve_Fill(0xe3,700,190,50,50);
Draw_Right_Down_Curve_Fill(0xff,710,200,50,50);
Draw_Right_Up_Curve_Fill(0xff,710,190,50,50);
Draw_Left_Down_Curve_Fill(0x1c,700,200,50,50);
Or

//When color deepth = 16bpp
Draw_Left_Up_Curve(0xf11f,550,190,50,50);
Draw_Right_Down_Curve(0xffff,560,200,50,50);
Draw_Right_Up_Curve(0xffff,560,190,50,50);
Draw_Left Down_Curve(0x07e0,550,200,50,50);
Draw_Left_Up_Curve_Fill(0xf11f,700,190,50,50);
Draw_Right_Down_Curve_Fill(0xffff,710,200,50,50);
Draw_Right_Up_Curve_Fill(0xffff,710,190,50,50);
Draw_Left_Down_Curve_Fill(0x07e0,700,200,50,50);
Or

//When color deepth = 24bpp
Draw_Left_Up_Curve(0xff00ff,550,190,50,50);
Draw_Right_Down_Curve(0xffffff,560,200,50,50);
Draw_Right_Up_Curve(0xffffff,560,190,50,50);
Draw_Left_Down_Curve(0x00ff00,550,200,50,50);
Draw_Left_Up_Curve_Fill(0xff0Off,700,190,50,50);
Draw_Right_Down_Curve_Fill(0xffffff,710,200,50,50);
Draw_Right_Up_Curve_Fill(Oxffffff,710,190,50,50);
Draw_Left_Down_Curve_Fill(0x00ff00,700,200,50,50);
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8 step for this program:

. Draw a pink upper left curve,Center(550,190), X_R =50,Y_R=50

. Draw a white lower right curve,Center(560,200), X_R =50,Y_R=50

. Draw a white upper right curve,Center(560,190), X _R =50,Y_R=50

. Draw a green lower left curve,Center(550,200), X_R =50,Y_R=50
Draw a pink upper left curve fill,Center(700,190), X_R =50,Y_R=50
Draw a white lower right curve fill,Center(710,200), X_R =50,Y_R=50
. Draw a white upper right curve fill,Center(710,190), X_R =50,Y_R=50
. Draw a green lower left curve fill,Center(700,200), X_R =50,Y_R=50

© N o O A~ W N P

LCD dispaly screen(Layerl):

(550/190) (5}‘190) (70‘@190)
0
0

(550)200) @/200) (710,200) ’200)

Figure 2.5 : Draw curve example.
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2.3:Square Input

RA8873M supports square drawing function for user to draw square on the Display Data RAM only by few
MCU cycles. By setting the start point of a square REG[68h~6Bh] ,the end point of a square REG[6Ch~6Fh]
and the color of a square REG[D2h~D4h], then setting draw a square REG[76h] Bit5=1, Bit4=0 and start
draw REG[76h] Bit7 = 1, RA8873M will draw a corresponding square on the Display Data RAM. Moreover,
user can fill the square by setting REG[76h] Bit6 = 1.

Note : the start point and the end point of a square should within active windows.

The procedure of drawing square just refers to the below figure:

Set start point of a squar
REG[68h~6Bh]

Don' t fill a square
REG[76h] bit6=0

fill a square
REG[76h] bit6=1

A

Setend point of a square}

[ REG[6Ch~6Fh]
Start drawing square Start drawing square
REG[76h] bit7=1 REG[76h] bit7=1
y
\ .
Set the color of a square Start point Start point
REG[D2h~D4h]
J
A ~ |
color - color g
Set draw a square End point End point
REG[76h] bit5=1, bit4=0

/

Figure 2.6 : Geometric Pattern Drawing- Draw Rectangle
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Draw Square API:

void Draw_Square
(
unsigned long ForegroundColor

/*ForegroundColor: Set Curve or Curve Fill color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

)

void Draw_Square_Fill
(
unsigned long ForegroundColor

/*ForegroundColor: Set Curve or Curve Fill color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

)

Example 1:
Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+
/lIwhen color depth = 8bpp
Draw_Square(0xe0,50,300,150,400);
Draw_Square_Fill(0xe0,200,300,300,400);
/IOr
/IWhen color deepth = 16bpp
Draw_Square(0xf800,50,300,150,400);
Draw_Square_Fill(0xf800,200,300,300,400);
/IOr
/IWhen color deepth = 24bpp
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Draw_Square(0xff0000,50,300,150,400);
Draw_Square_Fill(0xff0000,200,300,300,400);

LCD display screen(Layerl):

(50,300)  (200,300)

(150,400) (300,400)

Figure 2.7 : Draw ared Square from Point1(50,300) to Point2(150,400)
and Draw a red Square Fill from Point1(200,300) to Point2(300,400)
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2.4:Line Input

RA8873M supports line drawing function for user to draw line on the Display Data RAM only by few MCU
cycles. By setting the start point of a line REG[68h~6Bh] ,the end point of a line REG[6Ch~6Fh] and the
color of a line REG[D2h~D4h], then setting draw a line REG[67h] Bitl = 0 and start draw REG[67h] Bit7 = 1,

RA8873M will draw a corresponding line on the Display Data RAM.

Note : the start point and the end point of line should within active windows.
The procedure of drawing line just refers to the below figure:

RA8873M

Application Programming Interface V1.2

Set start point of a line
REG[68h~6bh] \
Set draw aline
REG[67h] bit1=0
A
Setend point of a line
REG[6Ch~6Fh] \
Start drawing line
REG[67h] bit7=1
Set the color of aline Start point
REG[D2h~D4h]
| colol
End point  Start point

End poi

color

Figure 2.8: Geometric Pattern Drawing- Draw Line
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Draw Line API:

void Draw_Line
(
unsigned long LineColor

[*LineColor : Set Draw Line color. Line Color dataformat :

ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 // Y of point2 coordinate

)

Example :

Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+

/IWhen color deepth = 8bpp
Draw_Line(0xe0,10,10,400,300);

Or

/IWhen color deepth = 16bpp
Draw_Line(0xf800,10,10,400,300);
Or

//When color deepth = 24bpp
Draw_Line(0xff0000,10,10,400,300);

LCD display screen:

(10, 10)

(800,700)

Figure 2.9 : Draw ared Line from Point1(10,10) to Point2(800,700).
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2.5: Triangle Input
RA8873M supports triangle drawing function for user to draw line on the Display Data RAM only by few
MCU cycles. By setting the pointO of a triangle REG[68h~6Bh], the pointl of a triangle REG[6Ch~6Fh], the
point2 of a triangle REG[70h~73h]

RA8873M

Application Programming Interface V1.2

and the color of a triangle REG[D2h~D4h], then setting draw a triangle
REG[67h] Bitl = 1 and start draw REG[67h] Bit7 = 1, RA8873M will draw a corresponding triangle on the

Display Data RAM. Moreover, user can fill the triangle by setting REG[67h] Bit5 = 1.

Note : the point0, pointl and point2 of triangle should within active windows.

The procedure of drawing triangle just refers to the below figure:

~N

Set point0 of a triangle

REG[68h~6Ch]
J

|

~N

Set pointl of a triangle

REG[6Dh~6fh]
J

!

N
Set point2 of a triangle

REG[70h~73h]
J

~
Set the color of a triangle

REG[D2h~D4h]
/

!

~N

Set draw atriangle
REG[67h] bit1=1

I

Don’ t fill a triangle
REG[67h] bit5=0

fill a triangle
REG[67h] bit5=1

A

Start drawing triangle
REG[67h] bit7=1

)
)

REG[67h] bit7=1

Start drawing triangle }

pointl

point0 color point2

. pointl

point0 color point2

Figure 2.10 : Geometric Pattern Drawing- Draw Triangle
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Draw Triangle API:

void Draw_Triangle
(
unsigned long ForegroundColor

/*ForegroundColor: Set Draw Triangle color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

,unsigned short X3 //X of point3 coordinate

,unsigned short Y3 //Y of point3 coordinate

)
void Draw_Triangle_Fill
(
unsigned long ForegroundColor

[*ForegroundColor: Set Draw Triangle color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

,unsigned short X3 //X of point3 coordinate

,unsigned short Y3 //Y of point3 coordinate

)

Example 1:

Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);

Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+

/IWhen color deepth = 8bpp

Draw_Triangle(0x07,150,0,150,100,250,100);
Draw_Triangle_Fill(0x03,300,0,300,100,400,100);

Or

/IWhen color deepth = 16bpp

Draw_Triangle(0x001f,150,0,150,100,250,100);

RAIO TECHNOLOGY INC. 35/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

Draw_Triangle_Fill(0x001f,300,0,300,100,400,100);
Or

/IWhen color deepth = 24bpp
Draw_Triangle(0x0000ff,150,0,150,100,250,100);
Draw_Triangle_Fill(0x0000ff,300,0,300,100,400,100);

LCD display screen(Layerl):

Q (150, 0) (300, 0)

(150,14 (300

O
(250,100) (400,100)

Figure 2.11 : Draw a blue Triangle by Point1(150,0) ,P0oint2(150,100) and Point3(250,100)
and draw a blue Triangle Fill by Point1(300,0) ,Point2(300,100) and Point3(400,100)
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2.6: Square Of Circle Corner Input

RA8873M supports circle-square drawing function for user to draw circle square on the Display Data RAM
by few MCU cycles. By setting the start point of a square REG[68h~6Ch] ,the end point of a square
REG[6Dh~6Fh], the major and minor radius of a ellipse/circle REG[77h~7Ah] and the color of a circle
square REG[D2h~D4h], then setting draw a circle square REG[76h] Bit5=1, Bit4=1 and start draw
REG[76h] Bit7 = 1, RA8873M will draw a corresponding circle square on the Display Data RAM. Moreover,

RA8873M

Application Programming Interface V1.2

user can fill the square by setting REG[76h] Bit6 = 1.

Notel : (End point X — Start point X) must large than (2*major radius + 1) and (End point Y — Start point Y)

must large than (2*minor radius + 1)

Note2 :the start point and the end point of a square should be within active windows.

The procedure of drawing square just refers to the below figure:

REG[68h~6Ch]

!

4 N\

[ Set start point of a circle squarﬂ

Don' t fill a circle square
REG[76h] bit6=0

Set draw acircle square

REG[76h] bit5=1, bit4=1

Set end point of a circle square
REG[6Dh~6Fh]
\\ J
| v
4 N
) Set ) Start drawing circle square
the major and minor radius REG[76h] bit7=1
of a circle
L REG[77h~7Ah] ) Start point
J, @ minor radlu
p N dIUS
Set the color of a circle square
REG[D2h~D4h]
. l J
color
p ~ T End pomt

Circle corner

fill a circle square
REGJ[76h] bit6=1

A\ 4

[Start drawing circle square}

REG[76h] bit7=1

Start point
L

-

0

color End point

Circle corner

Figure 2.12 : Geometric Pattern Drawing- Draw Circle-Square
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Draw Square Of Circle Corner API:

void Draw_Circle_Square
(
unsigned long ForegroundColor

/*ForegroundColor : Set Circle Square color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

,unsigned short X_R //Radius Width of Circle Square

,unsigned short Y_R //Radius Length of Circle Square

)

void Draw_Circle_Square_Fill

(

unsigned long ForegroundColor

/*ForegroundColor : Set Circle Square color. ForegroundColor Color dataformat :
ColorDepth_8bpp : R3G3B2 ~ ColorDepth_16bpp : R5G6B5 ~ ColorDepth_24bpp : R8G8B8*/
,unsigned short X1 //X of pointl coordinate

,unsigned short Y1 //Y of pointl coordinate

,unsigned short X2 //X of point2 coordinate

,unsigned short Y2 //Y of point2 coordinate

,unsigned short X_R //Radius Width of Circle Square

,unsigned short Y_R //Radius Length of Circle Square

)
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Example 1:

Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6

Active_Window_XY(0,0);
Active_Window_WH(Panel_width,Panel_length); //set full LCD size can draw graph
+

/IWhen color deepth = 8bpp

Draw_Circle_Square(0Oxe0, 100,100,200,200,20,30);
Draw_Circle_Square_Fill(0xe0, 250,100,350,200,20,30);
Or

/IWhen color deepth = 16bpp
Draw_Circle_Square(0xf800, 100,100,200,200,20,30);
Draw_Circle_Square_Fill(0xf800, 250,100,350,200,20,30);
Or

/IWhen color deepth = 24bpp
Draw_Circle_Square(0xff0000, 100,100,200,200,20,30);
Draw_Circle_Square_Fill(0xff0000 250,100,350,200,20,30);

LCD display screen(Layerl):

(450,300) (600,300)

(550,400) (700,400)

Figure 2.13 : Draw ared Square Of Circle Corner from Point(450,300) to Point(550,400) with X_R =
20,Y_R=30, and draw a red Square Of Circle Corner Fill from Point(600,300) to Point(700,400) with X_R
=20,Y_R=30.
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Chapter 3 : DMA In Block Mode

Then DMA block mode is used for moving graphic function from external serial flash memory to the
display memory (SDRAM) of RA8873M. The process unit of DMA function is pixel. Regarding the
flowchart of DMA function, please refer to the description as below.

Serial Flash SDRAM

DMA

Figure 3.1 : DMA Function

START Color depth
- T / REG[SEh]BIt[1:0]
DMA source start address l
Linear or Block Mode
REG [BCh]~[BFh] .
$ REG[5Eh]BIt[2]
Serial flash image Serial flash control
Width REG [CAh]~[CBh] REG [B7h]
Destination address l
DMA enable
REG [50h]~[53h] ]
T REG [B6h] Bit[0] = 1
Destination image <
width REG [54h]~[55h] Y
* Check STSR

Destination X,Y REG
[COh]~[C3h]

'

DMA process width high
[Ceh]~[Coh] END

|
Figure 3.21 : Enable DMA Procedure — Check Flag

Bit[0]
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3-2.Serial Flash Control Unit

RA8873M builds in a SPI master interface for accessing the external Serial Flash/ROM, supporting for
protocol of 4-BUS (Normal Read), 5-BUS (FAST Read), Dual mode 0, Dual mode 1 with Mode O/Mode 3.

Serial Flash/ROM function can be used for FONT mode and DMA mode. FONT mode means that the
external serial Flash/ROM is treated as a source of character bitmap. To support the most useful
characters, RA8873M is compatible with the character ROM of professional font vendor—Genitop Inc. in
Shanghai. DMA mode means that the external Flash/ROM is treated as the data source of DMA (Direct
Memory Access). User can speed up the data transfer to display memory and need not MCU intervene by

this mode.
XSCK
XMOSI
« > SERIAL
RAB873 | XMISO R ROM 0
XnSFCSO0
XnSFCS1
> SERIAL
> ROM 1

Figure 3.3: RA8873M Serial Flash/ROM System
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3.3. APl Example and Display results on LCD for the DMA Function:

We provider two API for user as below:

void DMA_24bit

(

unsigned char SCS //SCS : 0 = Use SCSO0, 1 = Use SCS1
,unsigned char Clk //Clk : SPI Clock = System Clock /{(Clk+1)*2}
,unsigned short X1 //X of DMA Coordinate

,unsigned short Y1 //Y of DMA Coordinate

,unsigned short X_W //DMA Block width

,unsigned short Y_H //DMA Block height

,unsigned short P_W //DMA Picture width

,unsigned long Addr //DMA Source Start address

)

void DMA_32bit
(
unsigned char SCS //SCS : 0 = Use SCSO0, 1 = Use SCS1
,unsigned char Clk //Clk : SPI Clock = System Clock /{(Clk+1)*2}
,unsigned short X1 //X of DMA Coordinate

,unsigned short Y1 //Y of DMA Coordinate

,unsigned short X_W //DMA Block width

,unsigned short Y_H //DMA Block height

,unsigned short P_W //DMA Picture width

,unsigned long Addr //DMA Source Start address

)

Example :

Write_Layer(1);//Reference Page.5~6
Show_Layer(1);// Reference Page.5~6
+
(Flash = 128Mbit or under 128Mbit)
DMA_24bit(1,0,0,0,800,480,800,0);
Or
(Flash over 128Mbit, need open switch_24bits_to_32bits(1); in RA8873M_Initial();—
Set_Serial_Flash_IF();)
DMA_32bit(1,0,0,0,800,480,800,0);
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Condition :

SCS=1:Use SCS1. Clk=0, SPI Clock = System Clock / {(0+1)*2} = System Clock.
(X1,Y1) = (0,0) : DMA Coordinate = (0,0).

X W : DMA Block width =800 . Y_H : DMA Block height = 480.

P_W : DMA Picture width =800 . Addr :DMA Source Start address = 0.

Serial Flash (X1,Y1) = (0,0) SDRAM Layerl
Addr =0

Figure 3.4: Using DMA Write data into SDRAM(Layerl) from Serial Flash
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Chapter 4 : Block Transfer Engine
Overview:

The RA8873M embedded a built-in 2D Block Transfer Engine(BTE) which can increase the performance of
block transfer operation. When a block of data needs to be moved or do some logic operation with dedicated
data, RA8873M can speed up the operation by BTE hardware and also simplify the MCU program. This section
will discuss the BTE engine operation and functionality.

Before using the BTE function, user must select the corresponding BTE operation. RA8873M supports 13 BTE
operations. About the operation description, please refer to Table 4-1. For each BTE operation, maximum 16
raster operations (ROP) are supported for different application. They could provide the different logic
combinations for ROP source and ROP destination. Through the combination of the BTE operation and ROP,
user can achieve many useful application operations. Please refer to the behind chapters for detail description.
This application note will focus on some of the BTE functions. e.g. Solid Fill, Pattern Fill with ROP, Pattern
Fill with Chroma key(w/o ROP),MCU Write with ROP, MCU Write with Chroma key(w/o ROP), Memory
Copy with ROP, Memory Copy with chroma key(w/o ROP), MCU Write with Color Expansion, MCU Write
with Color Expansion and chroma key, Memory copy with Alpha Blending. If our customer needs the
illustration for the other BTE function, please contact with RAIQ's Sales or distributor.

Table 4-1 : BTE Operation Function

REBcsT[gl?m?%ri?gc[)Q:O] BTE Operation

0000b MCU Write with ROP.

0010b Memory copy with ROP.

0100b MCU Write with Chroma key (w/o ROP)

0101b Memory copy with Chroma key (w/o ROP)

0110b Pattern Fill with ROP

0111b Pattern Fill with Chroma key

1000b MCU Write with Color Expansion

1001b MCU Write with Color Expansion and Chroma key

1010b Memory copy with Alpha blending

1011b MCU Write with Alpha blending

1100b Solid Fill

1110b Memory copy with Color Expansion

1111b Memory copy with Color Expansion and Chroma key
Other combinations Reserved
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Table 4-2 : ROP Function

REGF[{;?Li]BI;ifWA] Boolean Function Operation
0000b 0 ( Blackness)
0001b ~S0 - ~S1lor~(S0+S1)
0010b ~S0 - S1
0011b ~S0
0100b S0 - ~S1
0101b ~S1
0110b S07S1
0111b ~S0+~Slor~(S0-S1)
1000b SO0-S1
1001b ~(S07s1)
1010b S1
1011b ~S0+S1
1100b SO
1101b S0+~S1
1110b S0+S1
1111b 1 ( Whiteness )

Note:
1. ROP Function SO: Source 0 Data, S1: Source 0 Data, D: Destination Data.
2. For pattern fill functions, the source data indicates the pattern data.

Example:
If ROP function setting Ch(1100b), then Destination Data = Source 0 Data
If ROP function setting Eh(1110b), then Destination Data = SO + S1
If ROP function setting 2h(0010b), then Destination Data = ~S0 - S1
If ROP function setting Ah(1010b), then Destination Data = Source 1 Data

BTE Access Memory Method

With the setting, The BTE memory source/destination data is treated as a block of display area .The below
example shows source 0/ source 1/ destination address are defined as block access method.
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BTE Chroma Key (Transparency Color) Compare

In BTE Chroma Key (Transparency color) function Enable, BTE process compare source 0 data and
background color register data. If data equal then not change destination data otherwise write source 0

data to destination.

In source color depth = 256 color,
Source 0 red color just only compare REG [D5h] Bit [7:5],
Source 0 green color just only compare REG [D6h] Bit [7:5],
Source 0 blue color just only compare REG [D7h] Bit [7:6]
In source color depth = 65k color,
Source 0 red color just only compare REG [D5h] Bit [7:3],
Source 0 green color just only compare REG [D6h] Bit [7:2],
Source 0 blue color just only compare REG [D7h] Bit [7:3]
In source color depth = 16.7M color,
Source 0 red color just only compare REG[D5h] Bit [7:0],
Source 0 green color just only compare REG [D6h] Bit [7:0],
Source 0 blue color just only compare REG [D7h] Bit [7:0]

SDRAM g wrh

Source 0 start address >

S0_x, 50 A
RA8873 :
S1_WTH
BTE Source 1 start address >
S .51 e

e ——
BTE Pracess
direction

<

BTE WTH
Destination start address
i = AN
DT_> ,DT_Y *
RN

BTE HIG | =

~

Figure 4-1: Memory Access of BTE Function

RAIO TECHNOLOGY INC. 46/135 www.raio.com.tw



RAIO™

4.1.1: Solid Fill

RA8873M

Application Programming Interface V1.2

The Solid Fill BTE fills a rectangular area of the SDRAM with a solid color. This operation is used to

paint large screen areas or to set areas of the SDRAM to be a given value. The color of Solid Fill is set
by “BTE Foreground Color”.

RA8873M

BTE

Figure 4-2 : Hardware Data Flow

Setting Destination
parameter
REG[ATH]I~[EOR]

I

Setting S0,51.DT
color depth REG[92h]

I

Setting BETE width
REG [E1h] [B2h]

}

Setting ETE Foreground
Color REG [D2h]~[D4h]

I

Setting BETE height
REG [E3h] [B4h]

!

Setting BTE ROP and
operation REG[91h0]

!

BTE enable REG[90h]

EMND

Figure 4-3 : Flow Chart

Destination
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4.1.2. Display results on LCD for the BTE Solid Fill Functions:
The following is the API program and examples illustrate, Figure 4-4 for the use of Solid Fill function
fills a red square blocks.

void BTE_Solid_Fill
(
unsigned long Des_Addr //start address of destination

,unsigned short Des_W // image width of destination (recommend = canvas image width)
, unsigned short XDes //coordinate X of destination

,unsigned short YDes //coordinate Y of destination

,unsigned long Foreground_color //Solid Fill color

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

)

Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+

BTE_Solid_Fill(Layerl,Panel_width,0,0,0xe0,200,200); //When color depth = 8bpp

or

BTE_Solid_Fill(Layerl,Panel_width,0,0,0xf800,200,200); //When color depth = 16bpp

or

BTE_Solid_Fill(Layerl,Panel_width,0,0,0xFF0000,200,200); //When color depth = 24bpp

Condition:

start address of destination = Layerl, ImageWidth = Panel_width(define in userdef.h) , coordinate of
destination = (0,0)

Foreground Color: 0xe0 (8bpp) (R3G3B2) » 0xf800(16bpp)(R5G6B5) ~ 0xFFO000(24bpp)(R8G8B8)

BTE Window Size = 200x200

This program result(Layerl):

(0,0)

(199,199)

Figure 4-4 : Use Solid Fill to fill Layer1[(0, 0) ~ (199,199)] by red color
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4.2.1: Pattern Fill with ROP

“Pattern Fill with ROP” operation fills a specified rectangular area of the SDRAM with a dedicated
pattern repeatedly. The fill pattern is an array of 8x8/16x16 pixels stored in the SDRAM. The pattern can
be logically combined with the destination using one of the 16 ROP codes. The operation can be used
to speed up the application with duplicate pattern write into an area, such as background paste function.

16
AN

8 4 I

/_/% !
I L

8 16 <

2 nn
N 5

Figure 4-5 : Pattern Format

Setting SO parameter ¥
REG[93h]~[9Ch]

Setting BTE height
REG [B3h] [B4h]

Setting S1 parameter l
REG[9Dh]~[AGh]

Setting BTE ROP and
operation REG[91h]

Y

Setting Destination
(DT) parameter
REG[A7h]~[BOh]

Y

BTE enable REG[90h]

Y

Setting S0,51,0T P

color depth and alpha
blending REG[92h]

Y

Setting BTE width
REG [B1h] [B2h]

!

END

Figure 4-6 : Flow Chart
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m Source 0

RA8873

4
Ny

—— Source 1

Destination

ROP register [91h]
Bit[7:4] = OxC

Figure 4-72 : Hardware Data Flow
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4.2.2. Display results on LCD for the BTE Pattern Fill with ROP Function:

Figure 4-9 (16x16) Icon

Figure 4-8: SDRAM current data in this example
API for pattern fill with ROP:

void BTE_Pattern_Fill
(
unsigned char P_8x8 or_16x16//0 : use 8x8 Icon, 1 : use 16x16 Icon.

,unsigned long SO_Addr //Start address of Source 0

,unsigned short SO_W //image width of Source 0 (recommend = canvas image width)
,unsigned short XS0 // coordinate X of Source 0

,unsigned short YSO // coordinate Y of Source 0

,unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W //image width of Source 1 (recommend = canvas image width)
,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr // start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
, unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned int ROP_Code

/*ROP_Code :
0000b O(Blackness)
0001b ~S0!E~S1 or ~(S0+S1)
0010b ~SO!ES1
0011b ~S0
0100b SOIE~S1
0101b ~S1
0110b SO0MS1
0111b ~S0 + ~S1 or ~(S0 + S1)
1000b SOIES1
1001b ~(S0"S1)
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1010b S1

1011b ~S0+S1
1100b SO

1101b SO0+~S1
1110b S0+S1

1111b 1(whiteness)*/

,unsigned short X_W //Width of BTE Winodw
,unsigned short Y_H //Length of BTE Winodw

)

Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
MCU_8bit_ColorDepth_8bpp

DMA_24bit (1,0,0,0,800,480,800,0);
MPUS8_8bpp_Memory_Write(0,0,16,16,Icon_8bit_8bpp);

or

MCU_8bit_ColorDepth_16bpp

DMA_24bit (1,0,0,0,800,480,800,0);
MPUS8_16bpp_Memory_Write(0,0,16,16,Icon_8bit_16bpp);

or

MCU_8bit_ColorDepth_24bpp

DMA_24bit (1,0,0,0,800,480,800,0);
MPUS8_24bpp_Memory_Write(0,0,16,16,Icon_8bit_24bpp);

or

MCU_16bit_ColorDepth_16bpp

DMA_24bit (1,0,0,0,800,480,800,0);
MPU16_16bpp_Memory_Write(0,0,16,16,Icon_16bit_16bpp);

or

MCU_16bit_ColorDepth_24bpp_Mode_1

DMA_24bit (1,0,0,0,800,480,800,0);

MPU16_24bpp_Model Memory_Write(0,0,16,16,lcon_16bit_24bpp_model);
or

MCU_16bit_ColorDepth_24bpp_Mode_2

DMA_24bit (1,0,0,0,800,480,800,0);
MPU16_24bpp_Mode2_Memory_Write(0,0,16,16,lcon_16bit_24bpp_mode?2);

=+
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BTE_Pattern_Fill(1,Layerl,Panel width,0,0,Layerl,Panel_width,0,0,Layerl,Panel_width,500,200,12
,100,100);

Condition:

P_8x8 or 16x16 = 1, Pattern size = 16x16

Source 0 : Start Address = Layer1, Image Width = Panel_width , coordinate (0,0)
Source 1 : Start Address = Layer1, Image Width = Panel_width , coordinate (0,0)
Destination : Start Address = Layerl, Image Width = Panel_width , coordinate (500,200)
ROP_Code = 12 : Destination data = Source 0 data. BTE Window Size = 100x100

Step 1 : Execute DMA function copying a picture into SDRAM from external Serial Flash Memory

Figure 4-10: Using DMA function get a picture data from ext. Flash and write into SDRAM

Step 2 : Write a 16x16 icon into DDRAM (SDRAM)
(0,0)

-.-m-i-'..__ 23

=T -

Figure 4-11: Write a 16x16 icon into SDRAM
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Step 3 : Execute Pattern fill function

(200, 100)

Figure 4-12: Accomplished pattern fill function, Source range is from Layer1(0, 0) to
Layer1(15, 15), and Destination range is from Layer1(500,200) to Layer1(599,299)
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4.2.3:Pattern Fill With Chroma Key

The Pattern Fill with chroma key fills a specified rectangular area of the SDRAM with a pattern. In the
pattern fill operation, the Chroma key (transparent color) is ignored. The Chroma key setting in
REG[D5h]~[D7h],When Pattern color is equal to Chroma set , then no change data in Destination.

ﬁ Source 0

RA887Y3

BTE

% Destination
Figure 4-10 : Hardware Flow
.
i Setting BTE Backgroung
Setting S0 parameter END

REG[93h]~[9Ch] Color (transparency
color } REG [D5h]~[D7h]

l |

Setting Destination
parameter Setting BTE height
REG[A7h]~[BOh]

REG [B3h] [B4h]
Setting 50,07 Setting BTE ROP and

color depth REG[92h] operation REG[91h]

l i

Setting BTE width BTE enable
REG [B1h] [B2H] REG[90h]

!

Figure 4-11 : Flow Chart
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4.2.4: Display results on LCD for the BTE Pattern Fill with Chroma key Function:

Figure 4-13 : (16x16) Icon

Figure 4-12: SDRAM current data in this example
API:

void BTE_Pattern_Fill_With_Chroma_key
(
unsigned char P_8x8 or_16x16//0 : use 8x8 Icon, 1 : use 16x16 Icon.

,unsigned long SO_Addr //Start address of Source 0

,unsigned short SO_W //image width of Source 0 (recommend = canvas image width)

,unsigned short XS0 //coordinate X of Source 0

,unsigned short YSO //coordinate Y of Source 0

,unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W //image width of Source 1 (recommend = canvas image width)

,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr //Des_Addr : start address of Destination

,unsigned short Des_W //Des_W : image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned int ROP_Code

/*ROP_Code :
0000b O(Blackness)
0001b ~S0!IE~S1 or ~(S0+S1)
0010b ~SO!ES1
0011b ~S0
0100b SOIE~S1
0101b ~S1
0110b SO0MS1
0111b ~S0 + ~S1 or ~(S0 + S1)
1000b SOIES1
1001b ~(S0"S1)
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1010b
1011b
1100b
1101b
1110b
1111b

Ss1
~S0+S1
SO
SO0+~S1
S0+S1

1(whiteness)*/

,unsigned long Background_color //Transparent color
,unsigned short X_W //Width of BTE Window
,unsigned short Y_H //Length of BTE Window

)

Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6

Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+

/IMCU_8bit_ColorDepth_8bpp

DMA_24bit (1,0,0,0,800,480,800,0);

MPUS8_8bpp_Memory_Write(0,0,16,16,Icon_8bit_8bpp);
BTE_Pattern_Fill_With_Chroma_key(1,Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layer1,
Panel_width,500,200,12,0x1f,100,100);

or

/IMCU_8bit_ColorDepth_16bpp

DMA_24bit (1,0,0,0,800,480,800,0);

MPUS8_16bpp_Memory_Write(0,0,16,16,Icon_8bit_16bpp);
BTE_Pattern_Fill_With_Chroma_key(1,Layer1,Panel_width,0,0,Layerl,Panel_width,0,0,Layer1,
Panel_width,500,200,12,0x07ff,100,100);

or

/IMCU_8bit_ColorDepth_24bpp

DMA_24bit (1,0,0,0,800,480,800,0);

MPUS8_24bpp_Memory_Write(0,0,16,16,Icon_8bit_24bpp);
BTE_Pattern_Fill_With_Chroma_key(1,Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layer1,
Panel_width,500,200,12,0x00ffff,100,100);

or

/IMCU_16bit_ColorDepth_16bpp

DMA_24bit (1,0,0,0,800,480,800,0);
MPU16_16bpp_Memory_Write(0,0,16,16,Icon_16bit_16bpp);
BTE_Pattern_Fill_With_Chroma_key(1,Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layer1,
Panel_width,500,200,12,0x07ff,100,100);
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or
/IMCU_16bit_ColorDepth_24bpp_Mode_1

DMA_24bit (1,0,0,0,800,480,800,0);
MPU16_24bpp_Model Memory_ Write(0,0,16,16,lcon_16bit 24bpp_model);
BTE_Pattern_Fill_With_Chroma_key(1,Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layerl,
Panel_width,500,200,12,0x00ffff,100,100);

or

/IMCU_16bit_ColorDepth_24bpp_Mode_2

DMA_24bit (1,0,0,0,800,480,800,0);

MPU16_24bpp_Mode2 Memory_Write(0,0,16,16,lcon_16bit 24bpp_mode2);
BTE_Pattern_Fill_With_Chroma_key(1,Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layerl,
Panel_width,500,200,12,0x00ffff,100,100);

Condition:

P_8x8 or 16x16 = 1, Pattern size = 16x16

Source 0 : Start Address = Layerl, Image Width = Panel_width,Coordinate = (0,0)

Source 1 : Start Address = Layerl, Image Width = Panel_width, Coordinate = (0,0)

Destination : Start Address = Layerl, Image Width = Panel_width, Coordinate = (500,200)
ROP_Code = 12 : Destination data = Source 0 data. BTE Window Size = 200x200
Background_color = Transparency color = 0x1f(8bpp) , Ox07ff(16bpp) ,0x00ffff(24bpp)(blue-green)

Step 1 : Execute DMA function copying a picture into SDRAM from external Serial Flash Memory

Figure 4-14: Execute DMA function copying a picture into SDRAM from external Serial Flash Memory
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Step 2 : Write a 16x16 icon into DDRAM (SDRAM)
(0, 0)

Figure 4-15: Write a 16x16 icon into SDRAM

Step 3 : Execute Pattern fill with chroma key function

Figure 4-16: Accomplished pattern fill with chroma key function, Source range is from Layer1(0, 0)
to Layer1(15, 15), and Destination range is from Layer1(500,200) to Layer1(599,299)
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The Write BTE increases the speed of transferring data from MCU interface to the SDRAM. The Write BTE
with ROP fills a specified area of the SDRAM with data supplied by the MCU. The Write BTE supports all
16 ROPs. The Write BTE requires the MCU to provide data.

Source 0

Vs

MCU

RABE73

BTE

Source 1

i Destination

Figure 4-17 : Hardware Data Flow
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The suggested programming steps and registers setting are listed as below.

51 memory start address
register
[9Dh] [9ER],[9Fh],[ACK]

]

)

Destination Y position
register [AFhR] [BOH]

Check Write FIFO full

51 image width
register [A1h] [AZh]

}

)

ETE width register

-
*

51 ¥ position
Reqister [A3h] ~ [Adh]

[E1h][B2h]

}

ETE Height [E2h][E4h]

MPU write data

51 Y position
Reqister [ASh] ~ [ABh]

}

Check write data ==

)

50,5107 Color Depth
and alpha blending [22h]

BTE width ™ BTE high

Destination memaory start
address register
[ATH],[ABK] [ASh] [AAR]

)

)

ETE Function and ROP

Destination image width
register [ABh][ACH]

[91h]
)

)

BTE Enable [90h]

MO

Check STSR Bit [3]

Destination X position
register [ADh}-[AEh]

)

[

RAIO TECHNOLOGY INC.

SET REG [04h]

END

L |
Figure 4-18 : Flow Chart
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4.3.2: Display results on LCD for the BTE MCU Write with ROP

In BTE MCU Write with ROP function, we provide for each MCU 8bit and 16bit an API for users, Figure
4-19 for SDRAM information, Figure 4-20 for the map data from MCU interface, using BTE MCU Write with
ROP function write SDRAM, the map data can be used with ROP parameters do logic operations. The

following is APl program and Commentary:

=

C

Figure 4-20 : picture data from MCU(128x128)

Figure 4-19: SDRAM current data in this example

void BTE_MCU_Write_MCU_8bit
(
unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W //image width of Source 1 (recommend = canvas image width)
,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned int ROP_Code

/*ROP_Code :
0000b O(Blackness)
0001b ~S0!E~S1 or ~(S0+S1)
0010b ~SO!ES1
0011b ~S0
0100b SOIE~S1
0101b ~S1
0110b SO0MS1
0111b ~S0 + ~S1 or ~(S0 + S1)
1000b SOIES1
1001b ~(S0"S1)
1010b S1
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1011b
1100b
1101b
1110b
1111b

,unsigned short X_W // Width of BTE Window
,unsigned short Y_H // Length of BTE Window

,const unsigned char *data // 8-bit data

)

~S0+S1
SO
SO0+~S1
S0+S1

1(whiteness)*/

void BTE_MCU_Write_MCU_16bit

(

unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W //image width of Source 1 (recommend = canvas image width)

,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)

,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned int ROP_Code

/*ROP_Code :

0000b
0001b
0010b
0011b
0100b
0101b
0110b
0111b
1000b
1001b
1010b
1011b
1100b
1101b
1110b

O(Blackness)
~S0!E~S1 or ~(S0+S1)
~SO!ES1

~S0

SOIE~S1

~S1

SO0MS1

~S0 + ~S1 or ~(S0 + S1)
SOIES1

~(S0"S1)

S1

~S0+S1

SO

SO0+~S1

S0+S1
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1111b 1(whiteness)*/
,unsigned short X_W // Width of BTE Window
,unsigned short Y_H // Length of BTE Window

,const unsigned short *data // 16-bit data

)

Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
/lUse 8bit MCU, 8bpp color depth

BTE_MCU_Write_ MCU_8bit(Layer1,Panel_width,0,0,Layer1,Panel_width,100,100,12,128,128
,glmage_8);

or

/lUse 8bit MCU, 16bpp color depth
BTE_MCU_Write_MCU_8bit(Layer1,Panel_width,0,0,Layerl,Panel_width,100,100,12,128,128
,glmage_16);

or

/lUse 8bit MCU, 24bpp color depth
BTE_MCU_Write_MCU_8bit(Layer1,Panel_width,0,0,Layerl,Panel_width,100,100,12,128,128
,glmage_24);

or

/lUse 16bit MCU, 16bpp color depth

BTE_MCU_Write_ MCU_16bit(Layer1,Panel_width,0,0,Layerl,Panel_width,100,100,12,128,128
,pic1616);

or

/lUse 16bit MCU, 24bpp color depth and data format use mode 1

BTE_MCU_Write_ MCU_16bit(Layerl,Panel_width,0,0,Layerl,Panel_width,100,100,12,128,128
,picl6241);

or

/lUse 16bit MCU, 24bpp color depth and data format use mode 2

BTE_MCU_Write_ MCU_16bit(Layerl,Panel_width,0,0,Layerl,Panel_width,100,100,12,128,128
,pic1624);
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LCD display screen(Layerl):

(100, 100)

Figure 4-21: BTE MCU Write picture into SDRAM. The destination address is from Layer1(100,100)
to Layer1(227,227)]
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4.3.3:MCU Write With Chroma Key (w/o ROP)

The MCU Write With chroma key function increases the speed of transferring data from MCU interface to
the SDRAM. Once the function begins, the BTE engine remains active until all pixels have been written.

Unlike “Write BTE” operation, the “MCU Write with chroma key” will ignore the operation of a dedicated
color of MCU data that is set as “Chroma key Color (Transparent Color)”.If MCU data is equal to dedicated
color then BTE write is from S1 data to destination. In RA8873M, the “Chroma key color (Transparent
Color)” is set as “BTE background Color". For example, considering a source image has a yellow circle on
a red background. By selecting the blue color as the transparent color and using the MCU Write with
chroma key on the whole rectangles, the effect is a BTE of the red circle only.

Chroma Key —
Background register
[D5h]~[D7h] = Red

MCU RAB873
Source O BTE

@c = =

Destination

Figure 4-22 : Hardware Data Flow
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Setting S0DT
color depth REG[92h]
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Setting BTE width
REG [B1h] [B2h]

h 4

Setting BTE height
REG [B3h] [B4h]

h 4

Setting Background Color
REG [D5h] ~[D7h]
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Setting BTE ROP and

REG[O1h]

4
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Wiite REG[04h]
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wirite FIF

S5TSR
O full 27

Whrite Data

Figure 4-23 : Flow Chart
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4.3.4: Display results on LCD for BTE MCU Write With Chroma Key:

The MCU Write With chroma key function. Increasing the speed of transferring data is from MCU interface
to the SDRAM. Once the function begins, the BTE engine remains active until all pixels have been written.
Unlike “Write BTE” operation, the “MCU Write with chroma key” will ignore the operation of a dedicated
color of MCU data that is set as “Chroma key Color (Transparent Color)”.If MCU data is equal to dedicated
color then BTE write is from S1 data to destination. In RA8873M, the “Chroma key color (Transparent
Color)” is set as “BTE background Color". For example, considering a source image has a blue color letter
“A” and two color white letters “B”, “C” on a red background. By selecting the red color as the transparency
color and using the MCU Write with chroma key on the whole rectangles, the effect is a BTE of the letters

only.

=

C

Figure 4-25 picture data from MCU(128x128)

Figure 4-24: SDRAM current data in this example
API:
void BTE_MCU_Write_Chroma_key MCU_8bit

(

unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned long Background_color //transparency color

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

,const unsigned char *data // 8-bit data

)

void BTE_MCU_Write_Chroma_key MCU_16bit
(
unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)

,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

RAIO TECHNOLOGY INC. 68/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

,unsigned long Background_color //transparency color
,unsigned short X_W //Width of BTE Window
,unsigned short Y_H //Length of BTE Window

,const unsigned short *data // 16-bit data

)

Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
/IUse 8bit MCU , 8bpp color depth

BTE_MCU_Write_Chroma_key MCU_8bit(Layerl,Panel_width,100,100,0xe0,128,128,glmage_8);

or

/IUse 8bit MCU , 16bpp color depth

BTE_MCU_Write_Chroma_key MCU_8bit(Layerl,Panel_width,100,100,0xf800,128,128,glmage_16);
or

/IUse 8bit MCU , 24bpp color depth

BTE_MCU_Write_Chroma_key MCU_8bit(Layerl,Panel_width,100,100,0xff0000,128,128,
glmage_24);

or

/IUse 16bit MCU , 16bpp color depth
BTE_MCU_Write_Chroma_key_MCU_16bit(Layer1,Panel_width,100,100,0xf800,128,128,pic1616);
or

/IUse 16bit MCU , 24bpp color depth and data format use mode 1
BTE_MCU_Write_Chroma_key_MCU_16bit(Layer1,Panel_width,100,100,0xff0000,128,128
,picl16241);

or

/IUse 16bit MCU , 24bpp color depth and data format use mode 2

BTE_MCU_Write_Chroma_key MCU_16bit(Layer1,Panel_width,100,100,0xff0000,128,128,pic1624);

Condition:

Source 0 from MCU,

Destination: Start Address = Layerl, Image Width = Panel_width, Coordinate = (100,100) .
BTE Window Size = 128x128 .

Transparency color = Oxe0 , 0xf800 ,0xff0000 (Red)

In BTE Chroma Key (Transparency color) function Enable, BTE process compare source 0 data

and background color register data.
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LCD data screen (Layerl):

(100, 100)

A

\

Figure 4-26: BTE MCU Write With Choma Key , Transparency color =red color.
The destination address is from Layer1(100,100) to Layer1(227,227).
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4.4.1: Memory Copy with ROP

The Memory Copy moves a specific area of the SDRAM to a different area of the SDRAM. This operation
can speed up the data copy operation from one block to another and save a lot of MCU processing time
and loading.

SDRAM

Source 0 image

RA8B873

BTE
F Source 1 image

¢ 1N

Destination image

ROP register [91h]

Bit[7:4] = OxC
Figure 4-27 : Hardware Data Flow
Setting SO parameter v
REG[93h]~[9Ch] ) .
Setting BTE height
l REG [B3h] [B4h]
Setting S1 parameter l

REG[9Dh]~[A6h
[9Dh]~{AGN] Setting BTE ROP and

l operation REG[91h]

Setting Destination l
(DT) parameter
REG[A7h]~[BOh]

l

Setting S0,S1,DT
color depth REG[92h]

l

Setting BTE width
REG [B1h] [B2h]

b

Figure 4-28 : Flow Chart

BTE enable REG[90h]

Check STSR
BIT[ 3] ?2
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i

Setting S1 parameter
REG[9Dh]~[A6h]

Setting BTE height
REG [B3h] [B4h]

l

Check Interrupt

i

Setting Destination
(DT) parameter
REG[A7h]~[BOh]

Setting BTE ROP and
operation REG[91h]

Clear Interrupt
REGI[OCh] Bit[2] = 1

l

l

Setting S0,S1,DT
color depth REG[92h]

Interrupt Enable
REG[0Bh] Bit[2] = 1

l

l

Setting BTE width
REG [B1h] [B2h]

BTE enable REG[90h]

l
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The following is the explanation and examples BTE Memory Copy with ROP API function, first use BTE

Solid Fill function to draw a square filled with red and circle filled with yellow by draw function(Figure 4-30) ,

then through BTE Memory Copy to copy a same pattern (Figure 4-31).

void BTE_Memory_Copy
(
unsigned long SO_Addr //Start address of Source 0

,unsigned short SO_W //image width of Source 0 (recommend = canvas image width)
,unsigned short XS0 //coordinate X of Source 0

,unsigned short YSO //coordinate Y of Source 0

,unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W //image width of Source 1 (recommend = canvas image width)
,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned int ROP_Code

/*ROP_Code :
0000b O(Blackness)
0001b ~S0!E~S1 or ~(S0+S1)
0010b ~SO!ES1
0011b ~S0
0100b SOIE~S1
0101b ~S1
0110b SO0rS1
0111b ~S0 + ~S1 or ~(S0 + S1)
1000b SOIES1
1001b ~(S0”S1)
1010b S1
1011b ~S0+S1
1100b SO
1101b S0+~S1
1110b S0+S1
1111b 1(whiteness)*/

,unsigned short X_W //X_W : Width of BTE Window
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,unsigned short Y_H//Y_H: Length of BTE Window
)

Example:

/*Source O : Start Address = Layer1, Image Width = Panel_width, Coordinate = (0,0) .
Source 1: Start Address = Layerl, Image Width = Panel_width, Coordinate = (0,0)
Destination: Start Address = Layer1, Image Width = Panel_width, Coordinate = (500,200) .
ROP Code = 12 —Destination = Source 0, Don’t care Source 1.

BTE Window Size = 128x128 .*/

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
BTE_Solid_Fill(Layer1,Panel_width,0,0,0xe0,200,200); //8bpp color depth
Draw_Circle_Fill(0xfc,100,100,50); //8bpp color depth

or

BTE_Solid_Fill(Layer1,Panel_width,0,0,0xf800,200,200); //16bpp color depth
Draw_Circle_Fill(0xffe0,100,100,50); //16bpp color depth

or

BTE_Solid_Fill(Layer1,Panel_width,0,0,0xFF0000,200,200); //24bpp color depth
Draw_Circle_Fill(0xffff00,100,100,50); //24bpp color depth

+
BTE_Memory_Copy(Layerl,Panel_width,0,0,Layerl,Panel_width,0,0,Layerl,Panel_width,500
,200,12,200,200);
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LCD display screen(Layerl):

| (500, 200)
(199, 199)

Figure 4-31 : copy a same pattern by BTE Memory Copy with ROP
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4.4.3:Memory Copy With Chroma Key (w/o ROP)

“Memory copy with chroma key” moves a specified area of the SDRAM to the different specified area of
the same SDRAM with ignoring the “choma key (Transparent Color)”. The chroma key (transparency color)
setting in BTE background color register. If chroma key (transparency color) meets, then not change
destination data. The source 0, source 1/ destination data are in the memory.

Chroma Key — Background
register [D5h]~[D7h] = Red

Source 0

=

RAB8873

BTE

N

Destination

Figure 4-32 : Hardware Data Flow

* ‘
) Setting BTE Background
Setting SO parameter END
REG[93h]~[9Ch] Color {transparency
color ) REG [D5h]~[D7h]

l |

Setting Destination

parameter Setting BTE height
REG[A7h]~[BOh] REG [B3h] [B4h]
Setting S0,0T Setting BTE ROP and

color depth REG[92h] operation REG[S1h]

i i

Setting BTE wiclth BTE enable
REG [B1h] [B2H] REG[80h]

Figure 4-33 : Flow Chart
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4.4.4 : Display results on LCD for BTE Memory Copy with Chroma key:

The following is the commentary and example for BTE Memory Copy with Chroma key (w/o ROP) API
function, first use BTE Solid Fill function to draw a square filled with red and circle filled with yellow by draw
function (Figure 4-34), then through BTE Memory Copy with Chroma key (w/o ROP) to copy a portion of
the red filtered pattern (Figure 4-35).

void BTE_Memory_Copy_Chroma_key
(
unsigned long SO_Addr //Start address of Source 0

,unsigned short SO_W //image width of Source 0 (recommend = canvas image width)
,unsigned short XS0 //coordinate X of Source 0

,unsigned short YSO //coordinate Y of Source 0

,unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned long Background_color // transparent color

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

)

Example:

/*Source O : Start Address = Layer1, Image Width = Panel_width, coordinate = (0,0) .

Source 1: Start Address = Layerl, Image Width = Panel_width, coordinate = (0,0)

Destination: Start Address = Layerl, Image Width = Panel_width, coordinate = (500,200) .

BTE Window Size = 200x200

Transparency color = 0xe0, 0xf800, 0xff0000 (Red)

In BTE Chroma Key (Transparency color) function Enable, BTE process compare source 0 data

and background color register data.*/

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
/[8bpp color depth

BTE_Solid_Fill(Layer1,Panel_width,0,0,0xe0,200,200);

Draw_Circle_Fill(0xfc,100,100,50);
BTE_Memory_Copy_Chroma_key(Layerl,Panel_width,0,0,Layer1,Panel_width,500,200,0xe0
,200,200);

Or
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/I16bpp color depth

BTE_Solid_Fill(Layer1,Panel_width,0,0,0xf800,200,200);

Draw_Circle_Fill(0xffe0,100,100,50);
BTE_Memory_Copy_Chroma_key(Layerl,Panel_width,0,0,Layerl,Panel_width,500,200,0xf800
,200,200);

or

/124bpp color depth

BTE_Solid_Fill(Layerl,Panel_width,0,0,0xFF0000,200,200);
Draw_Circle_Fill(0xffff00,100,100,50);

BTE_Memory_Copy_Chroma_key(Layerl,Panel_width,0,0,Layerl,Panel_width,500,200,0xff0000
,200,200);

(0,0)
"
(199, 199)
Figure 4-34: draw a square filled with red and circle filled with yellow
0,0) Q

(500, 200)
(199, 199) ©

(699, 399) ©

Figure 4-35 : example for BTE Memory Copy with Chroma key
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4.5.1:MCU Write With Color Expansion

“MCU Write With Color Expansion” is a useful operation to translate monochrome data of MCU interface to
be colorful one. In the operation, the source data will be treated as a monochrome bit-map. The bit-wise
data is translated to multi-bits per pixel color data by the setting of “BTE Foreground Color” and “BTE
Background Color”. If the data on the source is equal to logical “1”, then it will be translated to “BTE
Foreground Color”. If the data on the source is equal to logical “0”, then it will be translated to “BTE
Background Color”. This function can largely reduce the effort of system translation from mono system to
color system. When the end of the line is reached, any unused bits will be discarded. The data for the next
line will be taken from the next data package. Each bit is serially expanded to the destination data starting
from MSB to LSB. If MCU interface set 16bit , then ROP (start bit ) - 15:0 valid., If MCU interface set 8bit,
then ROP (start bit ) — 7:0 valid.. Source 0 color depth REG [92h] Bit[7:6] don't care.

SDRAM

Source 0

Mono bit map image MCU RAB873 Destination

Ol= e

Foreground color set blue.

Background color set yellow.

Figure 4-36 : Hardware Data Flow
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Destination memory ¥

start address register BTE Function [31h]
[ATh] [ABR] [A9h].[AAR]

Destination image width l
register [ABR] [ACH] BTE Enable [30h)

]

Check Writs STSR
Bit [3]

END
Destaintion XY position
Register [ADh[-[B0N]
l NGO
BTE width Register
[B1 hi[Bzh] MPLU wirite data
BTE Height [Bah][B4h]
i heck write data™ MO
BTE width * BTE high
Setting Destination
Color Depth [92h]
Figure 4-37 : Flow Chart
|47 BTE width=25 ———»
ROP =7
(start bit = 7)
DO D1 D2 D3
l A N A A
r Y Y A Al

Color expansion @

Figure 4-38 :Start Bit Example 1

MCU interface 8 bit
BTE width = 25
ROP=7
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|<7 BTE width=25 ———>

ROP =4
(start bit = 4)
DO D1 D2 D3
( A Y A Y A Y A A

MPU interface = 8bit

Color expansion @ BTE width = 25

ROP =4
| | | |

Figure 4-39 : Start bit Exapmle 2

Note:
1. Calculate sent data numbers per row = ((BTE Width size REG — (MCU interface bits — (start bit + 1)) )
/ MCU interface bits) + ((start bit + 1) % (MCU interface ))

2. Total data number = (sent data numbers per row ) x BTE Vertical REG setting

D4 2hit oo 01 02 03

_IIIIIIIIII TTTTTT MPL send to RASSTE
' data, the data have Bhit
for one transmitter data,
L and serial send

T 11 00,01,02 03,04 ~~

I Dnto RASSTE
start bit =4 ’
00 D1 D2 D3

Mot Expansion g T17

PR T " ot Expansion

BTE High REG [B3h]
[B4h] setting

Expansion

‘ BTE YWidth REG >

[B1h] [B2h] setting

Figure 4-40 : Color Expansion Data Diagram
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4.5.2:Display results on LCD for illustrating the BTE MCU Write with Color Expansion:
Figure 4-41 is a 128x128 monochrome image, assuming that the foreground color is set to green, the
background color is set to blue, use the BTE MCU Write with Color Expansion function, it will turn out like the
pattern in Figure 4-42 the same. Below we provide a set of APl and each illustrated with examples for reference
for the MCU 8bit and 16bit.

Figure 4-41 : Figure 4-42 :
Original pattern for monochrome BTE MCU Write with color expansion
128x128 picture (1-bit bpp)

BTE MCU Write with Color Expansion API:

void BTE_MCU_Write_ColorExpansion_MCU_8bit
(
unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)

,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

,unsigned long Foreground_color

[*Foreground_color : The source (1bit map picture) map data 1 translate to Foreground color by color
expansion*/

,unsigned long Background_color

/*Background_color : The source (1bit map picture) map data O translate to Foreground color by color
expansion*/

,const unsigned char *data // 8-bit data

)
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void BTE_MCU_Write_ColorExpansion_MCU_16bit
(
unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)

,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

,unsigned long Foreground_color

[*Foreground_color : The source (1bit map picture) map data 1 translate to Foreground color by color
expansion*/

,unsigned long Background_color

/*Background_color : The source (1bit map picture) map data O translate to Background color by color
expansion*/

,const unsigned short *data //16-bit data

)

/*Des_Addr : start address of Destination = Layerl

Des_W : image width of Destination (recommend = canvas image width) = Panel_width

XDes : coordinate X of Destination =0

YDes : coordinate Y of Destination =0

X_W : Width of BTE Window =128

Y_H: Length of BTE Window =128

Foreground_color : The source (1bit map picture) map data 1 translate to Background color by color
expansion = 0x03(8bpp) ~ 0x001f(16bpp) ~ 0x0000ff(24bpp) (Blue)

Background_color : The source (1bit map picture) map data O translate to Foreground color by color
expansion = 0x1c(8bpp) ~ 0x07e0(16bpp) ~ 0x00ff00(24bpp) (Green)

When ColorDepth =8bpp */

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6

Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
/IMCU_8bit_ColorDepth_8bpp /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_MCU_8bit(Layer1,Panel_width,0,0,128,128,0x03,0x1c,glmage_1);
or

/IMCU_8bit_ColorDepth_16bpp /Isetting in UserDef.h

BTE_MCU_Write_ColorExpansion_MCU_8bit(Layer1,Panel_width,0,0,128,128,0x001f,0x07e0,glmage_1);
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or

/IMCU_8bit_ColorDepth_24bpp /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_MCU_8bit(Layer1,Panel_width,0,0,128,128,0x0000ff,0x00ff00
,glmage_1);

or

/IMCU_16bit_ColorDepth_16bpp /Isetting in UserDef.h

BTE_MCU_Write_ColorExpansion_MCU_16bit(Layerl,Panel_width,0,0,128,128,0x001f,0x07e0,Test);

or

/IMCU_16bit_ColorDepth_24bpp_Mode_1 /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_MCU_16bit(Layerl,Panel_width,0,0,128,128,0x0000ff,0x00ff00, Test);
or

/IMCU_16bit_ColorDepth_24bpp_Mode_2 /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_MCU_16bit(Layerl,Panel_width,0,0,128,128,0x0000ff,0x00ff00, Test);
Virtual display on LCD(Layer1):

0,00 q

Figure 4-43 : BTE MCU Write with Color Expansion

RAIO TECHNOLOGY INC. 84/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

4.5.3: MCU Write with Color Expansion and Chroma key
This BTE operation is virtually identical to the Color Expand BTE, except the background color is
completely ignored. All bits set to 1 in the source monochrome bitmap are color expanded to the “BTE

Foreground Color”. All bits set to 0 in source monochrome bitmap that would be expanded to the “BTE
Background Color” are not expanded at all.

Mono bit map image MCU RAB8Y3

O 9 o

Foreground color set blue.

Figure 4-44 ;: Hardware Data Flow

Destination memory v

start address register BTE Function [91h]
[A7h],[A8N],[A9h],[AAR]

Check Write STSR
Bit [3]

Destination image width l
register [ABh],[ACh] BTE Enable [90h]

Check Write FIFO full

Destaintion X,Y position
NO

Register [ADh]~[BOh]

l

BTE width Register
[B1h][B2h]

l

BTE Height [B3h][B4h]

}

Setting Destination
Color Depth [92h]

I

MPU write data

Check write data >
BTE width * BTE high

NO

Figure 4-45 : Flow Chart
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4.5.4:Display results on LCD for illustrating BTE MCU Write With Color Expansion and
Chroma key API:
Figure 4-46 is a 128x128 monochrome image, assuming that the foreground color is set to green, use the
BTE MCU Write with Color Expansion and Chroma Key function, it will turn out like the pattern in Figure
4-47 the same. Below we provide a set of API and each illustrated with examples for reference for the
MCU 8bit and 16bit.

Figure 4-46 : Figure 4-47 :
Original pattern for monochrome BTE MCU Write with color expansion and Chroma key
128x128 picture(1-bit bpp)

API:

void BTE_MCU_Write_ColorExpansion_Chroma_key_MCU_8bit

(

unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

,unsigned long Foreground_color

/*Foreground_color : The source (1bit map picture) map data 1 translate to Foreground color by color
expansion*/

,const unsigned char *data //8-bit data

)

void BTE_MCU_Write_ColorExpansion_Chroma_key MCU_16bit
(
unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)

,unsigned short XDes //coordinate X of Destination

,unsigned short YDes //coordinate Y of Destination
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,unsigned short X_W //Width of BTE Window

,unsigned short Y_H //Length of BTE Window

,unsigned long Foreground_color

[*Foreground_color : The source (1bit map picture) map data 1 translate to Foreground color by color
expansion*/

,const unsigned short *data //16-bit data

)

/*Des_Addr : start address of Destination = Layerl

Des_W : image width of Destination (recommend = canvas image width) = Panel_width

XDes : coordinate X of Destination =0

YDes : coordinate Y of Destination =0

X_W : Width of BTE Window =128

Y_H: Length of BTE Window =128

Foreground_color : The source (1bit map picture) map data 1 translate to Foreground color by color
expansion = 0xe0 (8bpp) ~ 0xf800 (16bpp) ~ OxffO000 (24bpp) (Red)*/

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
/IMCU_8bit_ColorDepth_8bpp [Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_8bit(Layerl,Panel_width,0,0,128,128,0xe0
,glmage_1);

or

/IMCU_8bit_ColorDepth_16bpp [Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_8bit(Layer1,Panel_width,0,0,128,128,0xf800
,glmage_1);

or

/IMCU_8bit_ColorDepth_24bpp /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_8bit(Layer1,Panel_width,0,0,128,128,0xff0000
,glmage_1);

or

/IMCU_16bit_ColorDepth_16bpp /[setting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_16bit(Layerl,Panel_width,0,0,128,128,0xf800
,Test);

or

/IMCU_16bit_ColorDepth_24bpp_Mode 1 /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_16bit(Layerl,Panel_width,0,0,128,128,0xff0000

RAIO TECHNOLOGY INC. 87/135 www.raio.com.tw




RAIO™ RA8873M

Application Programming Interface V1.2

,Test);

or

/IMCU_16bit_ColorDepth_24bpp_Mode_2 /Isetting in UserDef.h
BTE_MCU_Write_ColorExpansion_Chroma_key MCU_16bit(Layerl,Panel_width,0,0,128,128,0xff0000
,Test);

LCD display screen(Layerl):

0,00 ©

Figure 4-48 : BTE MCU Write With Color Expansion and Chroma key
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4.6 : BTE Alpha Blending

Overview:

In so many display applications, alpha blending is the process of combining an image with the other layer
display data in order to show translucency on the display. RA8873M also provide the Alpha Blending function
through hardware design, user can get more fancy sense of sight on the display but it does not need to occupy
so much system resources. This application note aims to help our users take advantage of RA8873M.

4.6.1: Memory Copy with Alpha Blending

The “Memory Copy with Alpha blending” function can mix source 0 data and source 1 blending to Destination.
That is having 2 mode - Picture mode and Pixel mode. , Picture can be operated in 8 bpp/16bpp/24bpp mode.
Pixel mode is only operated in 8bpp/16bpp mode. In the pixel mode — 16bpp the source 1 data bit [15:12] is
alpha level, the other bits are color data, in pixel mode 8bpp the source 1 data [7:6] is alpha level. Bit [5:0] is use
to destine palette color data.

Picture mode - Destination data = (Source 0 * (1- alpha Level)) + (Source 1 * alpha Level);
Pixel mode 16bpp - Destination data = (Source 0 * (1 - alpha Level)) + (Source 1 [11:0] * alpha Level)
Pixel mode 8bpp — Destination data = (Source 0 * (1 - alpha Level)) + (Index palette (Source 1[5:0]) * alpha Level)

—— Source 0
RA8873 g
Source 1
i {—
% Destination

Figure 4-49 : Picture Mode Hardware Data Flow
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y !
Setting S0 parameter Setting BTE height END
REG[93h]~[9Ch] REG [B3h] [B4h]
Setting 81 parameter Setting BTE ROP and
REG[9Dh]~[ABh] operation REG[91h]
Setting Destination
parameter Setting Alpha blend
REG[A7h]~[BOh] weight REG [B5h]
Setting S0,51,DT
color depth AND alpha BTE enable REG[90h]
blending REG[92h]
l e
Setting BTE width
REG [B1h] [B2h]
Figure 4-50 : Picture Mode Flow Chart
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4.6.2: Display results on LCD for illustrating BTE Memory Copy with Alpha Blending in

Picture mode
The “Memory Copy with Alpha blending” function can mix source 0 data and source 1 blending to Destination.

That is having 2 mode - Picture mode and Pixel mode. In this case, we use picture mode.
Picture mode - Destination data = (Source 0 * (1- alpha Level)) + (Source 1 * alpha Level);

void BTE_Alpha_Blending
(
unsigned long SO_Addr //Start address of Source 0

,unsigned short SO_W //image width of Source 0 (recommend = canvas image width)
,unsigned short XS0 //coordinate X of Source 0

,unsigned short YSO //coordinate Y of Source 0

,unsigned long S1_Addr //Start address of Source 1

,unsigned short S1_W /limage width of Source 1 (recommend = canvas image width)
,unsigned short XS1 //coordinate X of Source 1

,unsigned short YS1 //coordinate Y of Source 1

,unsigned long Des_Addr //start address of Destination

,unsigned short Des_W //image width of Destination (recommend = canvas image width)
,unsigned short XDes //coordinate Y of Destination

,unsigned short YDes //coordinate Y of Destination

,unsigned short X_W //Width BTE Window

,unsigned short Y_H //Length BTE Window

,unsigned char alpha

/lalpha : Alpha Blending effect 0 ~ 32, Destination data = (Source 0 * (1- alpha)) + (Source 1 * alpha)
)

Example:

/*Source O : Start Address = Layer1, Image Width = Panel_width, coordinate = (0,0) .
Source 1: Start Address = Layer2, Image Width = Panel_width, coordinate = (0,0) .
Destination: Start Address = Layerl, Image Width = Panel_width, coordinate = (0,0) .
BTE Window Size = 200x200 , alpha = 16 .*/

Write_Layer(1); //lset memory read/write layer.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
/IWhen Color Depth = 8bpp
DMA_24bit(1,0,0,0,800,480,800,0);
BTE_Solid_Fill(Layer2,Panel_width,0,0,0x1c,200,200);
or

//IWhen Color Depth = 16bpp
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DMA_24bit(1,0,0,0,800,480,800,0);
BTE_Solid_Fill(Layer2,Panel_width,0,0,0x07e0,200,200);
or

/IWhen Color Depth = 24bpp
DMA_24bit(1,0,0,0,800,480,800,0);
BTE_Solid_Fill(Layer2,Panel_width,0,0,0x00FF00,200,200);

+
BTE_Alpha_Blending(Layerl,Panel_width,0,0,Layer2,Panel_width,0,0,Layerl,Panel_width,0,0,200,200
,16);
Layer 1 data: Layer 2 data:

0,0) @

(0,0)

(199, 199)

(799, 479)

LCD screen:

(0,0)

== gL B s 3
Figure 4-51: So

blending and showing on Destination Layer1[(0,0) ~ (199,199)], alpha = 16.

Destination:

alpha = 16 alpha =24 alpha = 32

Figure 4-52: Destination in different alpha/transparent level.
Picture mode - Destination data = (Source 0 * (1- alpha Level)) + (Source 1 * alpha Level);
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Chapter 5: Picture In Picture Function
5.1: PIP Window

RA8873M supports two PIP windows that can be used with main display window. PIP windows do not
support transparent overlays, it just provides users that can enable or disable without overwriting the main
display window image data. If the PIP1 and PIP2 windows are overlapped, the PIP1 window is displayed
over PIP2 window.

The size and position of PIP windows are specified using registers from REG[2Ah] to REG[3Bh] and
REG[11h]. PIP1 and PIP2 window are sharing the same set of registers, and according REG[10h] Bit[4] to
select REG [2Ah ~ 3Bh] as PIP1 or PIP2 window’s parameters. Function bit will be configured for relative
PIP window. PIP windows sizes and star positions are specified in 4 pixel resolution (horizontal) and 1 line

resolution.

5.2: PIP Windows Settings

A PIP window position and size is specified using PIP image start address, PIP image Width, PIP Display
X/Y coordination, PIP Image X/Y coordination, PIP windows color depth, PIP window width and PIP
window height registers. PIP1 and PIP2 window are sharing the same set of registers, and according
REG[10h] Bit[4] to select REG [2Ah ~ 3Bh] as PIP1 or PIP2 window’s parameters.

L ~, r _\
Set PIP window Image
Set SEIECE?ES%:‘.,;EBTT or PIP2 Upper-Left corner XIY coordination
REG[34h] ~ REG[37h]
p , \_
. ! L, ! .
Set select ézrl'l:lrgggggllm or PIP2 Set PIP window Width
REG[11h] Bit [3:0] REG[38h] ~ REG[39h]
y

Set PIP window Display
Upper-Left corner XIY coordination
REG[2AK] ~ REG[2Dh]

v '

Set PIP1 I PIP2 window
Enable { Disable

Set PIP window Height
REG[3Ah] ~ REG[3Bh]

Set PIP Image Start Address
REG[2Eh] ~ REG[31h]

REG[10h] Bit 7! Bit &
" ¢ S \. J
. ™
Set PIP Image Width
REG[32h] ~ REG[33h]

Figure 5-1 Flow Char
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5.3: Diagrammatic explanation for PIP function

Main Image Start Address Main Image Width
Main Window Start (X,Y) (HDWR) (MISA) (1A
‘x\ Horizontal Display Windows Width
A {HDWR)

p Main Window Start (X,¥)

P| Display Window Start (X,)
L

(VDHR) Vertical Display Windows Height

(VDHR
DISPLAY WINDOW{PANEL) display main window data

DISPLAY WINDOW({PANEL)

[%]

PIP Image Start Addres PIP Image Width

When PIP enable ,PIP window will display on PIP display window ‘

SDRAM

Figure 5-2
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5.4:Display results on LCD for illustrating PIP Function API:

RA8873M supports two PIP windows that can be used with main display window. PIP windows do not support
transparent overlays, it just provides users that can enable or disable without overwriting the main display
window image data. If the PIP1 and PIP2 windows are overlapped, the PIP1 window is displayed over PIP2

window. This API will help user easy to use picture in picture function.

void PIP
(
unsigned char On_Off // 0 : disable PIP, 1 : enable PIP, 2 : To maintain the original state
,unsigned char Select PIP//1: use PIP1, 2 : use PIP2

,unsigned long PAddr //start address of PIP

,unsigned short XP //coordinate X of PIP Window, It must be divided by 4.

,unsigned short YP //coordinate Y of PIP Window, It must be divided by 4.

,unsigned long ImageWidth //Image Width of PIP (recommend = canvas image width)
,unsigned short X_Dis //coordinate X of Display Window

,unsigned short Y_Dis //coordinate Y of Display Window

,unsigned short X_W //width of PIP and Display Window, It must be divided by 4.
,unsigned short Y_H //height of PIP and Display Window , It must be divided by 4.

)

Example: (DMA Reference Chapter 3)

Write_Layer(2);//set memory read/write layer.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
/IWhen color depth

DMA_24bit(1,0,0,0,800,480,800,5376000);//write 800x480 picture to layer 2
Write_Layer(3); //set memory read/write layer.Reference Page.5~6
DMA_24bit(1,0,0,0,800,480,800,5760000); //write 800x480 picture to layer 3
Or

//When color depth = 16bpp

DMA_24bit(1,0,0,0,800,480,800,3225600); //write 800x480 picture to layer 2
Write_Layer(3); //set memory read/write layer.Reference Page.5~6
DMA_24bit(1,0,0,0,800,480,800,3993600); //write 800x480 picture to layer 3
Or

/IWhen color depth = 24bpp (just support to 640x480)
DMA_24bit(1,0,0,0,640,480,640,0); //write 640x480 picture to layer 2
Write_Layer(3); //set memory read/write layer.Reference Page.5~6
DMA_24bit(1,0,0,0,640,480,640,1152000); //write 640x480 picture to layer 3

+
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PIP(1,1,Layer2,0,0,Panel_width,0,0,400,480);
PIP(1,2,Layer3,0,0,Panel_width,400,0,400,480);
Step 1: Write display data into the SDRAM by DMA function
Layer 1 data: Layer 2 data: Layer 3 data:

800x480 fill white color 800x480 picture 800x480 picture

Figure 5-3 :Write wanted display data into SDRAM
Step 2:

Turn on the PIP function, PIP 1 window is Layer 2[(0,0) to (399,479)], the display position is Layer 1 [(0,0)
to (399,479)].
PIP 2 window is Layer 3[(0, 0) to (399,479)], the display position is Layer 1[(400, 0) to (799,479)], LCD

screen display Layer 1 information.

PIP 1 and PIP2 off, LCD screen as follows: PIP 1 and PIP2 on, LCD screen as follows:

PIP 1 on, PIP2 off, LCD screen as follows: PIP 1 off, PIP2 on, LCD screen as follows:
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Chapter 6 : Font
RA8873M can support two kinds of font sources into the built-in fonts and external fonts, built-in font support
ISO / IEC 8859-1/ 2/4/5 and other fonts. External font set with Shanghai Genitop company (Genitop Inc) part of
the serial font ROM, can support multinational fonts or font standard display, such as ASIC, GB12345, GB18030,
GB2312 Special, BIG5, UNI-jpn, JIS0208, Latin , Greek, Cyrillic, Arabic, UNICODE, Hebrew, Thai, ISO-8859
and GB2312 Extension etc.

Text input RA8873M can be classified with two sources:

TEXT INPUT

1. Embedded Characters .
2. External Character ROM .

Foreground [l
Background [

FONT 12x24

Figure 6-1 : Font Example

The Text have some parameter EX:REG[CCh]~REG[DEh],When you change any font parameter. You can
reference below flow chart. The Font color set in Foreground and Background REG[D2]~[D7h].
Ex : We write 64 characters as fontl and 64 characters as font2 to RA8873M
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REG[CCh]~REG|DEh]

l

Set REG [04h]
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1

Set Font2 parameter
REG[CCh]~REG|DEh]

l

Set REG [04h]

0-not full

Write Font Code

rite Font1 == 64

Y

Figure 6-2 : Font display flow chart

Embedded Characters

The RA8873M embedded 8x16,12x24,16x32 dots ASCII Characters ROM that provides user a convenient
way to input characters by ASCIl code. The embedded character set supports ISO/IEC 8859-1/2/4/5
coding standards. Besides, user can choose the character foreground color by setting the REG[D2h~D4h]
and background color by setting the REG[D5h~D7h]. For the procedure of characters writing please refers

to below figure:
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Character Control Full
Register 0 [CCh] y

Not full

Character Control =
Register 1 [CDh] Write Font Code

Foreground
[D2h]~[D5h]

Not meet

Font Number mee

Background
[D5h]~[D7h]

)

TEXT MODE [03h]
Bit[2]
I

SET REG [04h]

I

Figure 6-3 : ASCII Character ROM Programming Procedure
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Table 6-1 shows the standard character encoding of ISO/IEC 8859-1. ISO means International
Organization for Standardization. The ISO/IEC 8859-1, generally called “Latin-1", is the first 8-bit coded
character sets that developed by the ISO. It refers to ASCII that consisting of 192 characters from the Latin
script in range 0xAO-OxFF. This character encoding is used throughout Western Europe, includes Albanian,
Afrikaans, Breton, Danish, Faroese, Frisian, Galician, German, Greenlandic, Icelandic, Irish, Italian, Latin,
Luxembourgish, Norwegian, Portuguese, Rhaeto-Romanic, Scottish Gaelic, Spanish, Swedish. English
letters with no accent marks also can use ISO/IEC 8859-1. In addition, it is also commonly used in many
languages outside Europe, such as Swabhili, Indonesian, Malaysian and Tagalong.

In the table, character codes 0x80-0x9F are defined by Microsoft windows, also called CP1252
(WinLatinl).

Table 6-1 : ASCII Block 1(ISO/IEC 8859-1)

X\D123455?89AECDEF
0
1
2

o
o
| O
o
1[40

h
A

I %<
0

L 4
I
SIIRNKIE
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oo D[ [—[=|AlC

-]
Q

c o [C[MO1R|w| e
< =< [T &1
g s [0~

wv B (= (=]

>
I

A ERISNIE::

]
L]
[]
*
*

»
k]
r
L
' ]
i

]:| u:-‘ m| ~4| @
¢h [T
[

8N = | NS

M TATHY AV A MR =R |+

g = =0 B [8]—|— |~ (A

Z

7
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Table 6-2 shows the standard characters of ISO/IEC 8859-2. ISO/IEC 8859-2 also cited as Latin-2 is the
part 2 of the 8-bit coded character sets developed by ISO/IEC 8859. These code values can be used in
almost any data interchange system to communicate in the following European languages: Croatian,
Czech, Hungarian, Polish, Slovak, Slovenian, and Upper Sorbian. The Serbian, English, German, Latin
can use ISO/IEC 8859-2 as well. Furthermore it is suitable to represent some western European
languages like Finnish (with the exception of & used in Swedish and Finnish)

Table 6-2: ASCII Block 2 (ISO/IEC 8859-2)
clejwielzalef oISHQ] Ml
e A RS A T e o Y Vb
V18| B100&d " | (D A H - |/
01/2/3415|8/7|189: | :|<|=|>|?
@ABCDEFGH I|JKILMNO
PQRIS[TIUMWIXIY|Z| L[\ 1]~
“lalblc|dle|f|glhli]| j|k|]1|mn|o
plalr|s|tjulviwx|y|z| {] ]|} |~
Al EELSI8| ISISITIZ - |Z)Z
BRI ENRE R
RIAAAALCCCEEREETID
HINNOOOO=RIUOUUYTIB
rlalalalall|élcle]éleldd]i]T]d]
d|n|i|6|6|6|6|+| Flalalilily v
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Table 6-3 shows the standard characters of ISO/IEC 8859-4. ISO/IEC 8859-4 is known as Latin-4 or “North
European” is the forth part of the ISO/IEC 8859 8-bit character encoding. It was designed originally to cover
Estonian, Greenlandic, Latvian, Lithuanian, and Sami. This character set also supports Danish, English, Finnish,
German, Latin, Norwegian, Slovenian, and Swedish.

Table 6-3: ASCII Block 3 (ISO/IEC 8859-4)

*\D123458?89ABCDEF
cJEh
—l

J\O_)

LY

4
—

tad

iE

|
[@IEIRSE IE::

AOIR®O

A ll=IRNEEIE K
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K
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Table 6-4 shows the standard characters of ISO/IEC 8859-5. ISO/IEC 8859-5 is known as is the five part of
the ISO/IEC 8859 8-bit character encoding. It was designed originally to cover Bulgarian , Belarusian,

Russian, Serbian and Macedonian.

Table 6-4 : ASCII Block 4 (ISO/IEC 8859-5)

| cleivielslale Moz M
"l N T[S = LT oA"Y
1OTIRB6E T D) RS - |/
10 112134bB(67(89|: |3 |<|=|>|?
*@ABCDEFGH|I|JKLMNO
*IPQRISITIUVWXY|Z L{\[1[7[—
"1 " |alblc|d|e|f|g|h|i| j|k|1|m|n|o
"Iplalr|s|thalviwxly|z|£] ]3|~

*| IEIBLIES|I|T|J b RK] - VLI
* | AIBBLIEE SKIIMHOI
“IPCTIVIOXLIYIIBBIBDS
" |a|0|B|T || e[| 31| K [J1]M|H|O|11
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"INelp|T|els| 11| ]k K8 [V|u
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RA8873M use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT23L24F6Y, GT23L24S1W. According to different product, there are different character’s
size including 16x16, 24x24, 32x32, and variable width character size in them.

Detailed instructions listed below:

6.1.1:GT21L16T1IW

® Reg[CEh][7:5]: 000b
® Character height: x16
Allowed character sets & width:

GB12345 .
GB18030 BIG5 ASCII UNI-jpn JIS0208
Normal \Y/ V V V V
Arial \Y/
Roman V
Bold V
Latin Greek Cyrillic Arabic
Normal V \Y/ \Y/
Arial \Y \ \ \Y
Roman \Y
Bold
*Arial & Roman is variable width.
6.1.2:GT30L16U2W
® Reg[CEh][7:5]: 001b
® Character height: x16
Allowed character sets & width:
UNICODE | ASCII Latin Greek Cyrillic Arabic | ©B2312
Special
Normal \Y/ V \Y/ V \Y/ V
Arial \Y \ \ \ \
Roman \ \Y/
Bold
*Arial & Roman is variable width.
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6.1.3:GT30L24T3Y
® Reg[CEh][7:5]: 010b

® Character height: x16
Allowed character sets & width:

GB12345/
GB2312 GB18030 BIG5 UNICODE ASCII
Normal \% \% V \% \%
Arial \%
Roman
Bold

*Arial & Roman is variable width.
® Character height: x24
Allowed character sets & width:

GB12345/
GB2312 GB18030 BIG5 UNICODE ASCII
Normal V V \Y/ \%
Arial \%
Roman
Bold

*Arial & Roman is variable width.

6.1.4:GT30L24M1Z

® Reg[CEh][7:5]: 011b
® Character height: x24
Allowed character sets & width:

GB2312 GB12345/
Extension | GB18030 ASCII
Normal \ \ \
Arial \Y/
Roman \Y
Bold
*Arial & Roman is variable width.
6.1.5:GT30L3254W
® Reg[CEh][7:5]: 100b
® Character height: x16
Allowed character sets & width:
GB2312
GB2312 Extension ASCII
Normal \ \ \
Arial \Y/
Roman \Y
Bold
*Arial & Roman is variable width.
® Character height: x24
Allowed character sets & width:
GB2312
GB2312 Extension ASCII
Normal \ \ \
Arial \/
Roman \Y
Bold
*Arial & Roman is variable width.
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® Character height: x32
Allowed character sets & width:

GB2312 EGBZ3.12 ASCII
Xtension
Normal V V \Y/
Arial \
Roman \/
Bold
*Arial & Roman is variable width.
6.1.6:GT20L24F6Y
® Reg[CEh][7:5]: 101b
® Character height: x16
Allowed character sets & width:
ASCII Latin Greek Cyrillic
Normal V \Y/ \ V
Arial \ \Y \ \
Roman V
Bold V
. . ISO-
Arabic Hebrew Thai 8859
Normal \Y \/ \Y/
Arial V
Roman
Bold
*Arial & Roman is variable width.
® Character height: x24
Allowed character sets & width:
ASCII Latin Greek Cyrillic Arabic
Normal V V \Y/
Arial V \/
Roman
Bold
*Arial & Roman is variable width.
6.1.7:GT21L24S1W
® Reg[CEh][7:5]: 110b
® Character height: x24
Allowed character sets & width:
GB2312
GB2312 Extension ASCII
Normal \ \ \
Arial \/
Roman
Bold
*Arial & Roman is variable width.
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6.2:Display results on LCD for showing Fonts

6.2.1: Internal Font :

The RA8873M embedded 8x16,12x24,16x32 dots ASCII Characters ROM that provides user a convenient way
to input characters by ASCII code. The embedded character set supports ISO/IEC 8859-1/2/4/5 coding

standards.

void Select_Font_Height_WxN_HxN_ChromaKey_Alignment
(
unsigned char Font_Height

/*Font_Height:

16 : Font = 8x16 -~ 16x16

24 : Font = 12x24 ~ 24x24

32 : Font = 16x32 ~ 32x32*/

,unsigned char XxN // Font size Width it could be set from x 1to x 4
,unsigned char YxN // Font size Height it could be set from x 1 to x 4
,unsigned char ChromaKey

/*ChromakKey :

0 : Font Background color with no transparency

1: Set Font Background color with transparency*/

,unsigned char Alignment //0 : no alignment , 1 : Set font alignment

)

void Print_Internal_Font_String
(
unsigned short x //coordinate x for print string

,unsigned short y //coordinate x for print string

,unsigned short X_W //active window width

,unsigned short Y_H //active window height

,unsigned long FontColor //FontColor : Set Font Color

,unsigned long BackGroundColor

/*BackGroundColor : Set Font BackGround Color.Font Color and BackGround Color dataformat :
ColorDepth_8bpp : R3G3B2

ColorDepth_16bpp : R5G6B5

ColorDepth_24bpp : R8G8B8*/

,char tmp2[] //tmp2 : Font String which you want print on LCD

)
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Example :

/*Font_Height =24 : Font =12x24 ~ 24x24 ~ XxN =4 :Font Width x4 ~ YXN = 4 :Font Height x 4 ~
ChromaKey = 0 : Font Background color with no transparency -~

Alignment =0 : no alignment

X : coordinate x for print string =0

y : coordinate y for print string =0

X_ W : active window width = Panel_width

Y_H: active window height = Panel_length

FontColor : Set Font Color = 0xe0(8bpp) ~ 0xf800(16bpp) ~ 0xffO000(24bpp)

BackGroundColor : Set Font BackGround Color = 0x1c(8bpp) ~ 0x07e0(16bpp) ~ 0x00ff00(24bpp)*/

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
Select_Font_Height WxN_HxN_ChromaKey_Alignment(24,2,2,0,0);

+

/IWhen Color Depth = 8bpp

Print_Internal_Font_String(0,0, Panel_width,Panel_length,0xe0,0x1c, "adfsdfdgfhhgfh");

Or

//IWhen Color Depth = 16bpp

Print_Internal_Font_String(0,0, Panel_width,Panel_length,0xf800,0x07e0, "adfsdfdgfhhgfh");

or

//IWhen Color Depth = 24bpp

Print_Internal_Font_String(0,0, Panel_width,Panel_length,0xff0000,0x00ff00, "adfsdfdgfhhgfh");

Virtual display on LCD :

(0,0)

Figure 6-4 Internal Font Example
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6.2.2:Print Big5 String by external font rom :

RA8873M use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT23L24F6Y, GT23L24S1W. According to different product, there are different character’s size
including 16x16, 24x24, 32x32, and variable width character size in them.

This API using RA8873M external serial font rom to print Big5 string.

void Select_Font_Height_WxN_HxN_ChromaKey_Alignment
(
unsigned char Font_Height

/*Font_Height:

16 : Font = 8x16 ~ 16x16

24 : Font = 12x24 ~ 24x24

32 : Font = 16x32 ~ 32x32*/

,unsigned char XxN // Font size Width it could be set from x 1to x 4
,unsigned char YxN // Font size Height it could be set from x 1 to x 4
,unsigned char ChromaKey

/*ChromaKey :

0 : Font Background color with no transparency

1: Set Font Background color with transparency*/

,unsigned char Alignment //0 : no alignment , 1 : Set font alignment

)

void Print_BIG5String
(
unsigned char Clk //SPI CLK = System Clock / 2*(Clk+1)
,unsigned char SCS//0 : use CSO, 1: use CS1

,unsigned short x //coordinate x for print string

,unsigned short y //coordinate y for print string

,unsigned short X_W //active window width

,unsigned short Y_H //active window height

,unsigned long FontColor //Set Font Color

,unsigned long BackGroundColor //Set Font BackGround Color
[*Font Color and BackGround Color dataformat :
ColorDepth_8bpp : R3G3B2

ColorDepth_16bpp : R5G6B5

ColorDepth_24bpp : R8G8B8*/
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,char *tmp2 //tmp2 : BIG5 Font String which you want print on LCD
)

Example :

[*Font_Height =24 : Font = 12x24 ~ 24x24 ~ XxN =4 :Font Width x4 ~ YxN =4 :Font Height x 4 ~
ChromaKey = 0 : Font Background color with no transparency ~

Alignment =0 : no alignment

x : coordinate x for print string =0

y : coordinate y for print string =0

X_W : active window width = Panel_width

Y_H : active window height = Panel_length

FontColor : Set Font Color = 0xe0(8bpp) ~ 0xf800(16bpp) ~ OxffO000(24bpp)

BackGroundColor : Set Font BackGround Color = 0x1c(8bpp) ~ 0x07e0(16bpp) ~ Ox00ff00(24bpp)
Print Fg{aRl 123456%/

Write_Layer(1);/memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
//When Color Depth = 8bpp

Select_Font_Height_ WxN_HxN_ChromaKey_Alignment(24,2,2,0,0);

+

Print_BIG5String(3,0,0,0, Panel_width,Panel_length,0xe0,0x1c,"fH{ERH% 123456");

Or

/IWhen Color Depth = 16bpp

Print_BIG5String(3,0,0,0, Panel_width,Panel_length,0xf800,0x07e0," fi{EFH% 123456");
Or

/IWhen Color Depth = 24bpp

Print_BIG5String(3,0,0,0 Panel_width,Panel_length,0xff0000,0x00ff00," fgfaF% 123456");

(0,0

Figure 6-5 Print Big5 Font Example by External Font ROM
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6.2.3:Print GB2312 String by external font rom :

RA8873M use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT23L24F6Y, GT23L24S1W. According to different product, there are different character’s size
including 16x16, 24x24, 32x32, and variable width character size in them.

This API using RA8873M external serial font rom to print GB2312 string.

void Select_Font_Height_ WxN_HxN_ChromaKey_Alignment
(
unsigned char Font_Height

[*Font_Height:

16 : Font = 8x16 -~ 16x16

24 : Font = 12x24 ~ 24x24

32 : Font = 16x32 ~ 32x32*/

,unsigned char XxN // Font size Width it could be set from x 1to x 4
,unsigned char YxN // Font size Height it could be set from x 1to x 4
,unsigned char ChromaKey

[*ChromakKey :

0 : Font Background color with no transparency

1: Set Font Background color with transparency*/

,unsigned char Alignment // 0 : no alignment, 1 : Set font alignment

)

void Print_GB2312String
(
unsigned char CIk //Clk : SPI CLK = System Clock / 2*(Clk+1)
,unsigned char SCS//SCS:0=CS0,1=CS1

,unsigned short x //coordinate x for print string

,unsigned short y //coordinate y for print string

,unsigned short X_W //active window width

,unsigned short Y_H //active window height

,unsigned long FontColor //Set Font Color

,unsigned long BackGroundColor //Set Font BackGround Color
[*Font Color and BackGround Color dataformat :
ColorDepth_8bpp : R3G3B2

ColorDepth_16bpp : R5G6B5
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ColorDepth_24bpp : R8G8B8*/
,char tmp2[] /imp2 : GB2312 Font String which you want print on LCD

)

Example :

[*Font_Height =24 : Font = 12x24 ~ 24x24 ~ XxN =4 :Font Width x4 ~ YxN =4 :Font Height x 4 ~
ChromaKey = 0 : Font Background color with no transparency ~

Alignment =0 : no alignment

x : coordinate x for print string =0

y : coordinate y for print string =0

X_W : active window width = Panel_width

Y_H : active window height = Panel_length

FontColor : Set Font Color = 0xe0(8bpp) ~ 0xf800(16bpp) ~ OxffO000(24bpp)

BackGroundColor : Set Font BackGround Color = 0x1c(8bpp) ~ 0x07e0(16bpp) ~ Ox00ff00(24bpp)

Print BR{ERHE 123456/

Write_Layer(1);/memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
Select_Font_Height_ WxN_HxN_ChromaKey_Alignment(24,4,4,0,1);

+

//When Color Depth = 8bpp
Print_GB2312String(3,0,0,0,Panel_width,Panel_length,0xe0,0x03," ¥m{EFH% 123456");

Or

/IWhen Color Depth = 16bpp

Print_GB2312String(3,0,0,0,Panel_width,Panel_length, 0xf800,0x001f," Fg{GRl#L 123456");

or

/IWhen Color Depth = 24bpp

Print_GB2312String(3,0,0,0,Panel_width,Panel_length, 0xff0000,0x0000ff," Fg{GaFRl#L 123456");

0,0

Figure 6-6 Print GB2312 Font Example by External Font ROM
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6.3.4:Print GB12345 String by external font rom:

RA8873M use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT23L24F6Y, GT23L24S1W. According to different product, there are different character’s size
including 16x16, 24x24, 32x32, and variable width character size in them.

This API using RA8873M external serial font rom to print GB12345 string.

void Select_Font_Height_ WxN_HxN_ChromaKey_Alignment
(
unsigned char Font_Height

[*Font_Height:

16 : Font = 8x16 -~ 16x16

24 : Font = 12x24 ~ 24x24

32 : Font = 16x32 ~ 32x32*/

,unsigned char XxN // Font size Width it could be set from x 1to x 4
,unsigned char YxN // Font size Height it could be set from x 1to x 4
,unsigned char ChromaKey

[*ChromakKey :

0 : Font Background color with no transparency

1: Set Font Background color with transparency*/

,unsigned char Alignment // 0 : no alignment, 1 : Set font alignment

)

void Print_GB12345String
(
unsigned char CIk //Clk : SPI CLK = System Clock / 2*(Clk+1)
,unsigned char SCS//SCS:0=CS0,1=CS1

,unsigned short x //coordinate x for print string

,unsigned short y ///[coordinate y for print string

,unsigned short X_W //active window width

,unsigned short Y_H //active window height

,unsigned long FontColor //Set Font Color

,unsigned long BackGroundColor //Set Font BackGround Color
[*Font Color and BackGround Color dataformat :
ColorDepth_8bpp : R3G3B2

ColorDepth_16bpp : R5G6B5

RAIO TECHNOLOGY INC. 113/135 www.raio.com.tw



RAIO™ RA8873M

Application Programming Interface V1.2

ColorDepth_24bpp : R8G8B8*/
,char *tmp2 //tmp2 : GB12345 Font String which you want print on LCD

)

Example :

Write_Layer(1);/memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
Select_Font_Height_ WxN_HxN_ChromaKey_Alignment(24,2,2,0,0);

+

//When Color Depth = 8bpp
Print_GB2312String(3,0,0,0,Panel_width,Panel_length,0xe0,0x03," ¥m{EFH% 123456");

Or

//When Color Depth = 16bpp

Print_GB2312String(3,0,0,0,Panel_width,Panel_length, 0xf800,0x001f," Fg{GRl#L 123456");

or

//When Color Depth = 24bpp

Print_GB2312String(3,0,0,0,Panel_width,Panel_length, 0xff0000,0x0000ff," FF{EFHE 123456");

(0,0)

Figure 6-7 Print GB12345 Font Example by External Font ROM
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6.3.5:Print Unicode String by external font rom:

RA8873M use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT23L24F6Y, GT23L24S1W. According to different product, there are different character’s size
including 16x16, 24x24, 32x32, and variable width character size in them.

This API using RA8873M external serial font rom to print Unicode string.

void Select_Font_Height_ WxN_HxN_ChromaKey_Alignment
(
unsigned char Font_Height

[*Font_Height:

16 : Font = 8x16 -~ 16x16

24 : Font = 12x24 ~ 24x24

32 : Font = 16x32 ~ 32x32 */

,unsigned char XxN //XxN :Font Width x 1~4
,unsigned char YxN //YxN :Font Height x 1~4
,unsigned char ChromaKey

[*ChromakKey :

0 : Font Background color not transparency
1: Set Font Background color transparency*/

,unsigned char Alignment // 0 : no alignment, 1 : Set font alignment

)

void Print_UnicodeString
(
unsigned char Clk //SPI CLK = System Clock / 2*(Clk+1)
,unsigned char SCS//SCS:0=CS0,1=CS1

,unsigned short x //Print font start coordinate of X

,unsigned short y //Print font start coordinate of Y

,unsigned short X_W //active window width

,unsigned short Y_H //active window height

,unsigned long FontColor //Set Font Color

,unsigned long BackGroundColor //Set Font BackGround Color
[*Font Color and BackGround Color dataformat :
ColorDepth_8bpp : R3G3B2

ColorDepth_16bpp : R5G6B5
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ColorDepth_24bpp : R8G8B8*/
,unsigned short *tmp2 /*tmp2 : Unicode Font String which you want print on LCD (L"string” in keil c is

Unicode string)*/

)

Example :

Write_Layer(1);/memory address switch to layerl.Reference Page.5~6
Show_Layer(1);//LCD show layerl data. Reference Page.5~6

+
Select_Font_Height_ WxN_HxN_ChromaKey_Alignment(24,2,2,0,0);

+

//When Color Depth = 8bpp

Print_UnicodeString(3,0,0,0,Panel_width,Panel_length,0xe0,0x1c,L" &It &t—H 8 5% 6 #8> 5");
Or

//When Color Depth = 16bpp
Print_UnicodeString(3,0,0,0,Panel_width,Panel_length,0xf800,0x07e0,L" B4 it &t —H 8 5% 6 >
5");

Or

/IWhen Color Depth = 24bpp

Print_UnicodeString(3,0,0,0,Panel_width,Panel_length,0xff0000,0x00ff00,L" & i it &t —# 8 55 6
2> 5");

(0,0

Figure 6-8 : Print Unicode Font Example by External Font ROM
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Chapter 7 : PWM (Pulse Width Modulation)
The RA8873M has two 16-bit timers. Timers 0 and 1 have Pulse Width Modulation (PWM) function. The timer O

has a dead-zone generator, which is used with a large current device.

The timer 0 and 1 share an 8-bit pre-scalar. Each timer has a clock divider, which generates 4 different divided
signals (1, 1/2, 1/4 & 1/8).

Finally, through the timer count buffer (TCNTBnN) adjusting the PWM output cycle time and the use of timer
compare buffer (TCMPBnN) values for pulse width modulation (PWM), to produce a stable pulse waveform.

Detailed formulas and diagrams such as the following description:

PWM CLK = (Core CLK / Prescaler ) /2¢'ock divided
PWM output period = (Count Buffer + 1) x PWM CLK time
PWM output high level time = (Compare Buffer + 1) x PWM CLK time

PWM output _| (Compare Buffer +1) x PWMCLK time | | |

pwmclk | L 7 - ] I

oty v 1S I I I I R R I

{ Count Buffer + 1) x PWM CLK time

Figure 7-1: PWM Timing Diagram
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PWM Function API:

void PWMO
(
unsigned char on_off //on_off =1 ,enable PWM, on_off =0, disable PWM.

, unsigned char Clock_Divided // divided PWM clock, only 0~3(1,1/2,1/4,1/8)

, unsigned char Prescalar //Prescaler : only 1~256

, unsigned short Count_Buffer /Count_Buffer : set PWM output period time

,unsigned short Compare_Buffer /Compare_Buffer : set PWM output high level time(Duty cycle)
/*Such as the following formula :

PWM CLK = (Core CLK / Prescalar ) /2" divided clock

PWM output period = (Count Buffer + 1) x PWM CLK time

PWM output high level time = (Compare Buffer + 1) x PWM CLK time */

)

void PWM1
(
unsigned char on_off //on_off =1 ,enable PWM, on_off =0, disable PWM.

, unsigned char Clock_Divided // divided PWM clock, only 0~3(1,1/2,1/4,1/8)

, unsigned char Prescalar //Prescaler : only 1~256

, unsigned short Count_Buffer /Count_Buffer : set PWM output period time

,unsigned short Compare_Buffer /Compare_Buffer : set PWM output high level time(Duty cycle)
/*Such as the following formula :

PWM CLK = (Core CLK / Prescalar ) /2" divided clock

PWM output period = (Count Buffer + 1) x PWM CLK time

PWM output high level time = (Compare Buffer + 1) x PWM CLK time */

)

Example:

When Core CLK = 60MHz
PWMO0(1,3,100,1,0);
PWM1(1,3,100,4,3);
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PWMO Output:

/*On_off =1, Enable PWM.

Clock Divided = 3, Prescalar = 100, Count_Buffer = 1, Compare_Buffer = 0.

PWM CLK = (Core CLK / Prescaler ) /2¢'°¢k 4Vided = (goM / 100) / 2° = 75KHz

PWM output period = (Count Buffer + 1) x PWM CLK time = (1+1) x (1/ 75K) = 26.67us

PWM output high level time = (Compare Buffer + 1) x PWM CLK time = (0+1) x (1/ 75K) = 13.33us*/

Oscilloscope waveform:

M Pas: —24.00 05

: =40.0m'
CHT ™ 1.40%

: 2 B iz j 2 Ef A |
Figure 7-2 : PWMO output period waveform Figure 7-3 : PWMO output high level time
PWM1 Output:

/*On_off =1, Enable PWM.

Clock Divided = 3, Prescalar = 100, Count_Buffer = 4, Compare_Buffer = 3.

PWM CLK = (Core CLK / Prescaler ) /2¢'°¢k 4Vided = (g0M / 100) / 2° = 75KHz

PWM output period = (Count Buffer + 1) x PWM CLK time = (4+1) x (1/ 75K) = 66.67us

PWM output high level time = (Compare Buffer + 1) x PWM CLK time = (3+1) x (1/ 75K) = 53.33us*/

Oscilloscope waveform:

....... Tiig'd M Pos: ~2400.5

CH1 1.00%

22-Jan—15 1458 15.0013kHz 22-Jan-15 1502 15,

Figure 7-4 : PWM1 output period waveform Figure 7-5 : PWM1 output high level time
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Chaper 8 : KEY-SCAN Unit

The key-scan interface scan reads the switch data automatically by hardware scanning the key matrix switch.
It will help to integrate the system circuit that includes keyboard application. Figure 8-3 shows the basic
application circuit of Key-Pad on digital panel package type. RA8873M already built-in pull-up resistors in the
pins “XKIN[4:0]" so no external circuit is needed.

wil 2% Z %

| KIN4 B A R

< @

KIN3

&
<

| KIN2

o KIN1

KINO

RA8873M Column #

KOUTO

KOUT1

KOUT2

KOUT3

Figure 8-3 : Key-Pad Application

8.1 Operation

The RA8873M Key-Scan controller features are given as below:

PowbdpE

5.

Supporting with up-to 5x5 Key-Scan Matrix

Programmable setting of sampling times and scan frequency of Key-Scan

Adjustable long key-press timing

Multi-Key is available

Note: Up-to 2 keys at the same time & restricted 3 keys at the same time (3 keys cannot form 90°)

The function of “Key stroke to wake-up the system”

KSCR is the KEYSCAN control and status register, it is used to configure the options for KEYSCAN, such
as data sample time, sample clock frequency or long key function enable etc. When key-press is active,
user can sense it from the interrupt of KEYSCAN. The status bit of KSCR2 bit1~0 will update the number of
current key press. Then user can get the key code directly from KSDR.

Note : “Normal key” means a key press that qualified by the sample time of RA8873M. “Long Key” means a
key press that keeps “pressed” for a specified long time period. That is, a “Long Key” must be a “Normal
Key” first. Sometimes they need to be separated for some applications.

Table 8-1 is the key code mapping to key-pad matrix for normal press. The key code will be stored in
KSDRO0~2 when key was pressed. If it was a long time press, then the key code is show as Table 8-2.
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Table 8-1

Note : “Normal key” means a key press that qualified by the sample time of RA8873M. “Long Key” means a
key press that keeps “pressed” for a specified long time period. That is, a “Long Key” must be a “Normal
Key” first. Sometimes they need to be separated for some applications.

Table 8-1 is the key code mapping to key-pad matrix for normal press. The key code will be stored in
KSDRO0~2 when key was pressed. If it was a long time press, then the key code is show as Table 8-2.
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Table 8-1: Key Code Mapping Table (Normal Key)
KinO | Kinl | Kin2 | Kin3 | Kin4
KoutO [ 00h | 01h | 02h | 03h | 04h
Koutl | 10h | 11h | 12h | 13h | 14h
Kout2 [ 20h | 21h | 22h | 23h | 24h
Kout3 [ 30h | 31h | 32h | 33h | 34h
Kout4 | 40h | 41h | 42h | 43h | 44h

Table 8-2: Key Code Mapping Table (Long Key)
KinO | Kinl | Kin2 | Kin3 | Kin4
KoutO [ 80h | 81h | 82h | 83h | 84h
Koutl [ 90h | 91h | 92h | 93h | 94h
Kout2 [ AOh | Alh | A2h | A3h | Adh
Kout3 [ BOh | Blh | B2h | B3h | B4h
Kout4 [ COh | Clh | C2h | C3h | C4h

When the multi-key function is applied, the up to 3 pressed keys data will be saved in the registers (KSDRO,
KSDR1 and KSDR2). Note that the order of keys saving is determined by the position (or key code) of the
keys, not the order of keys being pressed; please refer to the following example:

Press the key-code in turn of 0x34, 0x00 and 0x22, press multi-key at the same time, the key-code will be
saved in KSDR0O~2:

KSDRO = 0x00

KSDR1 = 0x22
KSDR2 = 0x34

The basic features of above Key-Scan settings are introduced as follows:

Table 8-3 : Key-Scan Relative Registers

Reg. Bit_ Num | Description Reference
Bit 6 Long Key Enable bit
KSCR1 Bit [5:4] Key-Scan sampling times setting REG[FBh]

Bit [2:0] Key-Scan scan frequency setting
Bit [7] Key-Scan Wakeup Function Enable Bit

KSCR2 Bit [3:2] long key timing adjustment REG[FCh]
Bit [1:0] The number of key hit

KSDRO
KSDR1 Bit [7:0] Key code for pressed key REG[FDh ~ FFh]
KSDR2

CCR Bit 5 Key-Scan enable bit REG[01h]

INTR Bit 4 Key-Scan interrupt enable REG[0Bh]
INTC2 Bit 4 Key-Scan Interrupt Status bit REG[0Ch]

Enabling the Key-Scan functions, programmer can use following methods to check keystroke.

1) Software check method: to know the key be pressed from keeping check the status of Key-Scan.
2) Hardware check method: to know the key be pressed from external interrupt signal.
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Please be aware that when key-scan interrupt enable bit(INTEN bit[3]) set as “1” and key event of interrupt
happens, the interrupt status of Key-Scan (bit[3] of INTF) is always set to “1”, no matter which method is
used, programmer have to clear the status bit to O after reading the correct Key Code, otherwise the
interrupt will be kept and no more interrupt will be generated again.

Besides, RA8873M allows the “Key-stroke wakeup function” for power saving mode. By setting the function
on, any legal key-stroke event can wakeup RA8873M from sleep mode. To sense the wakeup event,
RA8873M can assert hardware interrupt for MPU which can do software polling from RA8873M.

The flowchart of register settings for above applications are shown as following:

1. Software Method

START

Enable Key Scan (KS)
(REG[01]B5=1)

Check REG[OChH]

v

Execute Function

Clear KS status
(REG [0Ch]B3 =0)

Read Key Press Number

Read Key Code —
REG [FDh],
REG [FEhR],
REG [FFh]

Figure 8-4 : Key-Scan Flowchart for Software Polling
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2. Hardware Method

l

Enable kKey Scan (KS)
[REG [01h] B = 1)

Check K5 status
(REG[OCH] B3 =)

¥

Enable KS INT Mask
(REGOBR] B3 = 1)

Other INT Functions

Read Key Press Mumber
Read Key Code
REG[FDh],REGIFER] REG[FFH]

l

Execute Functions

i !

Clear K5 status
REG[OCHh] B3

I Ext.INT Event

Other Functions :

| ! ISR Termination

Figure 8-5: Key-Scan for Hardware Interrupt
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KEY SCAN function API:

void APIl_Print_key code(unsigned short x,unsigned short y,unsigned long FontColor,unsigned long
BackGroundColor)

Excute:

Write_Layer(1);//Reference Page.5~6

Show_Layer(1);// Reference Page.5~6

+

API_Print_key code(0,0,0x00,0xff); //I8bbp color depth
Or

API_Print_key code(0,0,0x0000,0xffff); //16bbp color depth
Or

API_Print_key code(0,0,0x000000,0xffffff);  //24bbp color depth
Condition:

x: Displays the X coordinate of the Key Code =0
y: Displays the Y coordinate of the Key Code =0
FontColor: Keycode color = block

BackGroundColor: Keycode background color = white

Example:
If you press the following three buttons

a Kin0+<| Kin1¢| Kin2¢| Kin3d«| Kin4e
Kout0-|(00h=)| 01he | 02he | 03he | 04he
Kout1s] 10he [11h&| 12he [ 13he | 14he
Kout2-| 20h- | 21h- | 22h- |23h» | 24he
Kout3-| 30h- | 31h- | 32h- | 33h- | 34h.
Kout4-| 40h- | 41he | 42he | 43he | 44he

LCD Display:

001123
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Appendix 1 : PLL initialization

(Fi%xPLLDNM +1))>< (XPLLDIVN +1)

PLLDIVK
2X

XCLK =

The input OSC frequency (F,y) must greater & PLLDIVM has following restriction:
Fin

10MHz < Fin <15MHz & 10MHz<——<40MHz
PLLDIVM
The internal multiplied clock frequency Fvco = Lx (PLLDIVN +1) must be equal to or greater
PLLDIVM +1

than 250 MHz and small than 500 MHz. i.e, 250MHz < Fvco < 500MHz

If Fin= 10Mhz

void RA8873_PLL(void)

{

[ISCLK Setting :

LCD_RegisterWrite(0x05,0x16); //[PLL Divided by 16
LCD_RegisterWrite(0x06,0x2f);

/* SCLK = {(10MHz/(0+1)) * (Ox2f+1) } / 2* = 30Mhz

REG[05h] SCLK PLL Control Register 1

Bit[5:3] SCLK extra divider
xx1b: divided by 1.

000b: divided by 1.

010b: divided by 2.

100b: divided by 4.

110b: divided by 8.

Bit[2:1] SCLK PLLDIVKJ[1:0]
SCLK PLL Output divider
00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

Bit[0] SCLK PLLDIVM
SCLK PLL Pre-driver parameter.
Ob: divided by 1.

1b: divided by 2.

REG[06h] SCLK PLL Control Register 2
SCLK PLLDIVNI[5:0]
SCLK PLL input parameter, the value should be 1~63. (i.e. value 0 is forbidden).

*/
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IIMCLK Setting :

LCD_RegisterWrite(0x07,0x04); //PLL Divided by 4
LCD_RegisterWrite(0x08,0x1b);

/* MCLK = {(10OMHz/(0+1)) * (Ox1b+1) } / 2> = 70MHz

REG[07h] MCLK PLL Control Register 1

Bit[2:1]]MCLK PLLDIVK

MCLK PLL Output divider

00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

Bit[0]JMCLK PLLDIVM

MCLK PLL Pre-driver parameter.
Ob: divided by 1.

1b: divided by 2.

REG[08h] MCLK PLL Control Register 2
MCLK PLLDIVN[5:0]
MCLK PLL input parameter, the value should be 1~63. (i.e. value 0 is forbidden).

*/

/ICCLK Setting :
LCD_RegisterWrite(0x09,0x04); /IPLL Divided by 4

LCD_RegisterWrite(0x0A,0x1b);
/* CCLK = {(10MHz/(0+1)) * (Ox1b+1) } / 2* = 70MHz

REG[09h] CCLK PLL Control Register 1

Bit[2:1]CCLK PLLDIVK

CCLK PLL Output divider

00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

Bit[0]CCLK PLLDIVM

CCLK PLL Pre-driver parameter.

Ob: divided by 1.

1b: divided by 2.

REG[0Ah] CCLK PLL Control Register 2

CCLK PLLDIVN[5:0]

CCLK PLL input parameter, the value should be 1~63. (i.e. value 0 is forbidden).
*/

LCD_RegisterWrite(0x01,0x80); /I PLL Enable

Delay_ms(100);
}
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Appendix 2 : SDRAM initialization

void RA8873_SDRAM _initial(void)

{

unsigned short Auto_Refresh;
Auto_Refresh=(64*DRAM_FREQ*1000)/(4096) - 2;
LCD_RegisterWrite(0xe0,0x28);
LCD_RegisterWrite(0Oxel,0x02);
LCD_RegisterWrite(Oxe2,Auto_Refresh);
LCD_RegisterWrite(Oxe3,Auto_Refresh>>8);
LCD_RegisterWrite(Oxe4,0x01);
Check_SDRAM_Ready();

}
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Appendix 3 : LCD initialization:

ATO70TN92 Timing :

value .
ltem symbol Unit Remark
Min. Typ. Max.
Horizontal Display Area thd 800 DCLK
DCLK Frequency(PCLK) fclk 26.4 33.3 46.8 MHz
One Horizontal Line th 862 1056 1200 DCLK
HS pulse width thpw 1 - 40 DCLK
HS Blanking(Back Porch) thb 46 46 46 DCLK
HS Front Porch thfp 16 210 354 DCLK
value .
Item symbol Unit Remark
Min. Typ. Max.
Vertical Display Area tvd 480 TH
VS period time tv 510 525 650 TH
VS pulse width tvpw 1 - 20 TH
VS Blanking(Back Proch) tvb 23 23 23 TH
VS Front Porch tvfp 7 22 147 TH
Hs.
DCLK-
(HV Mode)
RO~R7- | f_ii RV RVRYRYRYRY R ‘_'..; SVENEMENENEAEVTN
e j NN NN ENE Y B0
BO~B7. B\ e\eYe\BYe\ 88 = Y VARV A GV VA VSR
RO~R7- ( (RYRYRYRYRY R RYR) = (VNN DA
GO~GT« ; BN e BN EEN= (NN E=EH=N=N=
B0~B7. y {8)s\BYBY BB\ (BB = (NS =H=H=H=A =Y =D
(DE Mode)

DE- < x _ —

Horizontal Input Timing Diagram
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v = —

* AT

. AU m

tyh . tyd . tyfp

tr

Vertical Input Timing Diagram

DE_PCLK_Falling();

PDATA_Set_RGB();

LCD_CmdWrite(0x13); /I de --> low active

LCD_DataWrite(0x00);

delay _us(100);

/IHorizontal display width(pixels) = (HDWR + 1) * 8 + HDWFTR Maximum value cannot over 2048
/IHorizontal display width(pixels) = (0x63+1) * 8 + 0 = 800
LCD_CmdWrite(0x14); //[HDWR//Horizontal Display Width Setting Bit[6:0]
LCD_DataWrite(0x63); /[Horizontal display width(pixels) = (HDWR + 1)*8
delay _us(100);

LCD_CmdWrite(0x15); /[Horizontal Display Width Fine Tuning (HDWFT) [3:0]
LCD_DataWrite(0x00);

delay _us(100);

/IHorizontal non-display period(Back porch) = (HNDR + 1) * 8 + HNDFTR = (4+1)*8 + 6 = 46
LCD_CmdWrite(0x16); /I[HNDR//Horizontal Non-Display Period Bit[4:0]
LCD_DataWrite(0x04); /[Horizontal Non-Display Period (pixels) = (HNDR + 1)*8

delay _us(100);

LCD_CmdWrite(0x17); /[Horizontal Non-Display Period Fine Tuning(HNDFT) [3:0]
LCD_DataWrite(0x06);

delay _us(100);
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/IHSYNC Start Position(Front porch) = (HSTR + 1)*8 = (0x19 + 1)*8 = 208
LCD_CmdWrite(0x18); /I[HSTR//HSYNC Start Position[4:0]
LCD_DataWrite(0x19); //[HSYNC Start Position(PCLK) = (HSTR + 1)*8
delay _us(100);

//HSYNC Pulse Width(pixels) = (HPW + 1)x8 = (0 + 1)*8 = 8

LCD_CmdWrite(0x19); /I[HPWR//HSYNC Polarity ,The period width of HSYNC.
LCD_DataWrite(0x00); //HSYNC Width [4:0] HSYNC Pulse width(PCLK) = (HPWR + 1)*8
delay _us(100);

/IVertical Display Height(Line) = VDHR + 1 = (256 + 223 ) +1 = 480
LCD_CmdWrite(0x1A); /IVDHRO //Vertical Display Height Bit [7:0]

LCD_DataWrite(0Oxdf); /IVertical pixels = VDHR + 1
LCD_CmdWrite(0x1B); /IVDHRL1 //Vertical Display Height Bit[10:8] = 256
LCD_DataWrite(0x01); /IVertical Display Height(Line) = VDHR + 1

delay _us(100);

/IVertical Non-Display Period(Back porch) = (VNDR + 1) = (0 + 0x15) + 1 =22

LCD_CmdWrite(0x1C); /IVNDRO //Vertical Non-Display Period Bit [7:0]
LCD_DataWrite(0x15); /IVertical Non-Display area = (VNDR + 1)
delay _us(100);

LCD_CmdWrite(0x1D); /IVNDRL1 //Vertical Non-Display Period Bit [8]
LCD_DataWrite(0x00); /IVertical Non-Display area = (VNDR + 1)

delay _us(100);

/I VSYNC Start Position(Front porch) = (VSTR + 1) = (0x16 + 1 )=23
LCD_CmdWrite(Ox1E); /IVSTRO //IVSYNC Start Position[7:0]
LCD_DataWrite(0x16); /IVSYNC Start Position(PCLK) = (VSTR + 1)
delay _us(100);

IINSYNC Pulse Width(Line) = (VPWR +1)=(0+1)=1

LCD_CmdWrite(0x1f); IINPWR /IVSYNC Polarity ,VSYNC Pulse Width[6:0]
LCD_DataWrite(0x01);  //VSYNC Pulse Width(PCLK) = (VPWR + 1)

delay _us(100);
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Appendix 4 : RAIO self-made character

RAIO self-made character, ASCII fonts available in three sizes, respectively 8x12,16x24,32x48, the API support
MCU 8bit color depth 8bpp, MCU 8bit color depth 16bpp, MCU 8bit color depth 16bpp, MCU 16bit color depth
16bpp, MCU 16bit color depth 24bpp mode2 in this chapter, but does not support MCU 16bit color depth 24bpp

mode 1.

API:

/I Note. this APl does not support the case that MCU=16bit, 24bpp and model

void putPixel

(

unsigned short x //x of coordinate

,unsigned short y //y of coordinate

,unsigned long color

[*color : 8bpp:R3G3B2
16bpp:R5G6B5
24bpp:R8G8BS */

/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutChar8x12

(
unsigned short x // x of coordinate

,unsigned short y // y of coordinate

,unsigned long fgcolor //fgcolor : foreground color(font color)
,unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

,unsigned char bg_transparent

/*bg_transparent = 0, background color with no transparent
bg transparent =1, background color with transparent*/

,unsigned char code //code : font char

)
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/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutString8x12

(

unsigned short x //x of coordinate

,unsigned short y //y of coordinate

, unsigned long fgcolor //fgcolor : foreground color(font color)
,unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

,unsigned char bg_transparent

/*bg_transparent = 0, background color with no transparent
bg transparent = 1, background color with transparent*/

,char *ptr /[*ptr: font string
)

/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutChar16x24

(
unsigned short x //x of coordinate

,unsigned short y //y of coordinate

,unsigned long fgcolor //fgcolor : foreground color(font color)
,unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

, unsigned char bg_transparent

/*bg_transparent = 0, background color with no transparent
bg transparent = 1, background color with transparent*/

,unsigned char code //code : font char

)
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/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutString16x24

(

unsigned short x //x of coordinate

,unsigned short y //y of coordinate

, unsigned long fgcolor //fgcolor : foreground color(font color)
, unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

,unsigned char bg_transparent

/*bg_transparent = 0, background color with no transparent
bg transparent =1, background color with transparent*/

,char *ptr //*ptr : font string
)

/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutChar32x48

(
unsigned short x //x of coordinate

,unsigned short y //y of coordinate

,unsigned long fgcolor //fgcolor : foreground color(font color)
,unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

, unsigned char bg_transparent

/*bg_transparent = 0, background color with no transparent
bg transparent = 1, background color with transparent*/

,unsigned char code //code : font char

)
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/I Note. this APl does not support the case that MCU=16bit, 24bpp and model
void lcdPutString32x48

(

unsigned short x //x of coordinate

,unsigned short y //y of coordinate

, unsigned long fgcolor //fgcolor : foreground color(font color)
, unsigned long bgcolor //bgcolor : background color
/*8bpp:R3G3B2

16bpp:R5G6B5

24bpp:R8G8B8*/

, unsigned char bg_transparent,

/*bg_transparent = 0, background color with no transparent
bg transparent = 1, background color with transparent*/

char *ptr //*ptr: font string
)
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Example:

Write_Layer(1);//memory address switch to layerl.Reference Page.5~6
Show_Layer(1);/LCD show layerl data. Reference Page.5~6

+
/IWhen color depth = 8bpp
IcdPutString8x12(0,0,0xe0,0x00,0,"sdfs6+55");
IcdPutString16x24(0,100,0x1c,0x00, 0,"sijsojfe565");
IcdPutString32x48(0,200,0x03,0x00,1,"sdjlfw5464ewr");

/IWhen color depth = 16bpp
IcdPutString8x12(0,0,0xf800,0x0000,0," sdfs6+55");
lcdPutString16x24(0,100,0x07e0,0x0000, 0,"sijsojfe565");
IcdPutString32x48(0,200,0x001f,0x0000,1,"sdjlfw5464ewr");
/IWhen color depth = 24bpp
IcdPutString8x12(0,0,0xff0000,0x000000,0,"sdfs6+55");
IcdPutString16x24(0,100,0x00ff00,0x000000, 0,"sijsojfe565");
IcdPutString32x48(0,200,0x0000ff,0x000000,1," sdjlfw5464ewr");

B s
B coiccos

(0,200 ¢ sjlfw5464ewr

Figure 8-1 : self-made character
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