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1. Before You Begin

1.1 Conventions Used in This Guide

Symbols

Symbols Description

M Contact us information

o 9 Step number

Note number

Text

Abbreviations Description

AP Application Program
PC Personal Computer
API Application Programming Interface
DMA Direct Memory Access
BTE Block Transfer Engine
CE Color Expansion

PIP Picture in Picture

76177 1 71(M) / 73(M) RA8876 ~ RA8877 ~ RA8871(M) * RA8873(M)

RA8876_77 AP RA8876 - RA8877 - RA8871(M) - RA8873(M) AP

1.2 What is RA8876_77 AP? RA8876_77_71(M)_73(M)

LCD Module
USB Cable i

&= - - o= AS

RA8876_77 AP MCU: STM32F103 RA8876 or 77 or 71(M) or 73(M) IC

Figure 1-1 Starter-Kit connection with PC and LCD Panel

RA8876_77 AP (Application Program) was specifically developed to emulate a basic application environment for LCD
controller named “RA8876” - “RA8877” ~ "RA8871(M)” and "RA8873(M)”. This software is worked under Microsoft Windows OS
(WINDOWS XP/7/8/10). With this AP and the hardware environment provided from RAIO, user can easily control RA8876 / 77
[ 71(M) / 73(M) to perform graphic, font, DMA , BTE and PIP functions etc on the high resolution LCD module.
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In addition, RAIO offers application-specific APl and Starter-Kit which are worked with the RA8876_77 AP (F/W is edited by
KEIL-C, and MCU is STMicroelectronics STM32F103). These reference data will be useable for many C language systems

without additional coding effort, and it will reduce user’s product development time as well.
Features and Benefits:

mFast to realize each functionality of RA8876 / 77 / 71(M) / (73(M), user can choose the applicable functionalities for their
project requirement/system. With RA8876 / 77 / 71(M) / 73(M), the performance for user’s main system will be improved, and
the process loading of MCU will be also reduced.

mHelp user to know the operation of each function for RA8876 / 77 / 71(M) / 73(M), accelerating product fast time-to-market
(TTM) and time-to-profit (TTP).

mThe display result can be immediately shown on the LCD display with this AP system and the start-kit, to avoid continually
modifying the parameters of RA8876 / 77 / 71(M) / 73(M) with firmware coding, so user need not to spend so much time to
revise firmware for MCU.

mFor the LCD module makers/producers, they can persuade customer much more easily, if they promote RA8876 / 77 / 71(M)
[ 73(M) with this AP system.

The goal of AP is trying to help our customers, who are unfamiliar with RA8876 / 77 / 71(M) / 73(M), let them know how to use
the related parameter setting and how to apply the manipulations of RA8876 / 77 / 71(M) / 73(M). In this document, we only
provide the functionality description in common use, because user can easily comprehend the usage of RA8876 /77 / 71(M) /

73(M) and apply our controllers on their system rapidly. If user wants to use the further function of RA8876 / 77 | 71(M) / 73(M),

or have any suggestion for this AP, please contact with our FAE (M), we will provide the solution for you as soon as

possible.

DA

RAIO

TEL : +886-3-5637888 EXT : 178 /188

FAX : +886-3-5601166

Sales E-mail : sales@raio.com.tw

FAE E-mail : fae@raio.com.tw

http://www.raio.com.tw

Office Address :
6F-5, No.8, Tai Yuen 1st Street, Chupei City, Hsinchu, Taiwan

1.3 Recommended System Requirements
mNeed to work with the Starter-Kit of RA8876 / 77 / 71(M) / 73(M)
mWork in Windows XP /7 /8/10 OS.

mNeed to install STM32F103’s USB Driver before using the AP.
RAIO TECHNOLOGY INC. 5/61 Www.raio.com.tw
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2. Operating the System

2.1 Installing USB Driver
2.1.1 Windows XP Driver

0 When the first time user plugs the RA8876 / 77 / 71(M) / 73(M) Starter-Kit into a USB port of PC, The operating system
(Windows) will show a message “Found new hardware STMicroelectronics Virtual COM Port” as shown below.

i EBEER
3 Thicroelectromics ¥irtnal COM Port

9 Windows will ask a request “installing device driver software”. And click “Next” button.

SIERE
BUEHSEHRERRE

Windows $5E 1 PRITRTE - 5 CD 2 Windows
Tgé:dahe b (o ETRIEE) RS HATR0 LR ST

BeEE e P FEE BH

Windows B 0] LERE] Windows Update BT HE?

OF BETED

iR [F—H1HuE -

[(f—Zw:) [ ma |

9 To select the option titled "Install from a list or specific location (Advanced)" and press the Next button.
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SHLHEE R

. SEMEHEE MBI E TR

STMicroelectronics Virtoal COM Port

() MPEMWEBRERE CD REE - EST
w2 WA

EEEERITHELR?
[@=FiEss ez ariling

iR [F—H1HuE -

(28] [P [ w8

9 To select the option titled "Don’t search. | will choose the driver to install." and press the Next button.

ERE TS
SREENPSNEERE- .

O TS PRI RSN R ()

BT R RS R R AR =t e B AR (RO TS AR B TSR » M=
SRR RERREZ -

(b

BIESERER I EE PR ESIEEES - Windows TREBIGEIRITEEESTZ
T & M -

(58] (—Pw-) [ _mF ]

9 Click “Have Disk...” button

EREYEE
RREEA S EERERNESEHER .

ERIFITRIEIE S RIS ETOMEAY « SNRIE [T ] - MRS AR R MR
BAZE ¢ S5 [feith =] -

BATHETERDC)
ji- 20
STM32 Virtal ComPort in FS Mode
STMicmoelectronics Virtual COM Port

A BEERAAEM GRS
B

(2. 2wn-) [ mF ]
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6 You should now see the dialog shown below. To insure that the "Include this location in the search:" checkbox is selected
and hit the Browse button to navigate to the directory where the software was installed. “.\STM32F103_USB_DRIVER”

SH1E ) B ETERER » MR TR
\-g BrmmE.

R EEEREERELC:
DASTM32F103_TTSE_DRIVER v

0 Click “Next” button

EREYEE
RREEA S EERERNESEHER .

ERIFITRIEIE S RIS ETOMEAY « SNRIE [T ] - MRS AR R MR
BAZE ¢ S5 [feith =] -

BATHETERDC)
ji- 20
STMicroelestronics Virtual COM Port

e

=

EASEMNEE RRAEED...

H A

B

< @

eStart to install the driver, please wait for a while.

SESIEREE
WBE TR - 5

% STMicroelectronics Virtoal COM Port

e, | 7

e
e
Bt
g

FMERRLERHEER - LETRAGRLIE

QWindows will ask a file path for “libusb0.sys”. Set the path to “STM32F103_USB_DRIVER\x86”, press “Enter”

RAIO TECHNOLOGY INC. 8/61 www.raio.com.tw
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: -

WBE TR - 5

AR 53

=% TMiereleetronics Virtsal COM Port Lnstall Disk
SoP BB lbushlsys'

B
B BRFRIESRATE - ST ME] - :

EFEE R,
DASTM32F103_USE_DRIVER'wE6 v

SHLHEE R

RRFERIEEREE
o B

SEMEHEESEE T EN:
; STMicroelectrondcs Virtnal COM Port

1% GERE] RERAEE -

@System shows the new hardware has been installed and the USB device can be used already.

L EPER
T ERCTEE D TER -

&) - 503 M

@ To open Device Manager with the OS “Window XP”, from the Windows desktop, the operating path is, click Start -> click
Control Panel -> click Performance and Maintenance -> click System -> and click Device Manager. And then we can see

at the Windows

RAIO TECHNOLOGY INC. 9/61 www.raio.com.tw
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Machine recognizes this USB device and it has associated a specific driver to communicate with the device. Please refer

to the following figure.

wBEE BITW WR0  SHeEE
HE @M =R &

- = FLE_NE ~
+-£§ Elvetooth Radins
+- i, DVDCD-ROM pk

oo

= libuzh-win32 devices

& TMirroelectrondes ¥irwal COM Port
SCST B RAID #5488

g M (3%

o TFRTRERER

20 g iRiEE

) mEEREHISEES

3 Em

=
—

o B RIS R aR
SEIEE (COM FOLET)

e TR

i

‘-j EhE w

] [ [ [ ] (- - - - - (- - - (L
(3Rt s i
M
=
i
[

2.1.2 Windows 7/8/10 Driver
Unlike previous versions of the Windows operating system, Windows 8 imposes strict limitations on driver signing. Because of

this, unsigned drivers require extra steps for installation. We can refer to this tutorial video (or this tutorial website) to disable

driver signature enforcement on Windows 8 before installing this driver. If your system is running on Windows 7, you could

skip that to step 1.

0 When the first time user plugs the RA8876 / 77 | 71(M) / 73(M) Starter-Kit into a USB port of PC, The operating system
(Windows) will show a message “Installing device driver software” as shown below.

[ [} CeEszEsDEmE - ]
EE—TIHELERSHE-

=) Q\F[FDE?E'GJ |;?ﬂ
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9 From the Device Manager window displayed, double-click on other device to display the STM32 Virtual COM Port
in your computer. Click the right button on the mouse of STM32 Virtual COM Port Driver and select the Update Driver

Software item for updating the driver.

[ & ==e=s | S
EEEP 2FQ BEY =HEQ

&= T HE & E &S

a2 Ardick-PC

. 13| Biometric

b DVD/CD-ROM %EHE
b g IDE ATA/ATAPL i555
o Intel WiLSB

5 .deh WSD SIS EE
oG AkENESEE

o> THIEEE

L ES

4y Bh®ES

Update Driver [Software

¢ LIl STM32 Virtual COM Port m—
o B AAEEERHE Lfmgngftmﬂ@...
- o) S s 11m))
-9 EEEFIERESAE BEEEL)
P BEREMEEES -
P =R REEBEEEWN
. nE®
—
o ¥ EEAEF
. = PRuE
o W BTE
SRS ESTESESEE
—

9 To select the option titled "Browse my computer for driver software".

W O EFEHNEEE - STM32 Virtual COM Port

TEMUE SRS R 3EE?

»> ERESENNRSHEANEN)
BIETESEREUTTEALTE - 55 Windows SETHERIEEEET
EESTEEEERNENEIESE

> WEEH FOEDRIRER)
: FHSHIZREIEI0E -
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9 To select the option titled "Let me pick from a list of device drivers on my computer"”, and click Next.

O 1 =#ms=sius - STM32 Vinual COM Port

ETRER A EESE A

EUEESENESRE:

- | EEE.

FlasZERR0

5> ERNER FHNESESELNSETHEQD
HEEsETCEEr S arEAEnENESnE L ESSEEREENNFEE
aESHE-
[(Fm ][ BB ]
9 Click “Have Disk...” button

. 58
3 L EFm@@AaE - STMI2 Virtual COM Port

BN EscEEETErEEETEDR

L DRECOEERMEMIONL ik (T2 MR R

J}_,- Bhas: o RIS [

B || g

(Feneric USB Hub) _ﬁJGemriJ: TEE Hub

(Standard svsten devices)

(WPD SRR AR i

4 1 3

(F=2t | [ BE
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G You should now see the dialog shown below. To insure that the "Include this location in the search:" checkbox is selected
and hit the Browse button to navigate to the directory where the software was installed. “.\STM32F103_USB_DRIVER”

W i EFBENEIEE - STM32 Virtual COM Port

ki

2 EERHED

. | %gﬁ%gﬁﬁjﬁ%% IETAOEL - M [T—2F] - MR AR SRR
g ) EhiE % [Efi

ENTEREREEEST

(el
S LSBT H SR TR

JBLiE
1FIETRAIET. -
T

RERER

d

=

~zwE g

W FNT B MBS RREER C):
DS TM32F103_USE_DRIVER -

0 Click “Next” button

EFEHEDEE - STM32 Virtual COM Port

O u

ENTEREREEEST

2 EERHED

9| a%f Eﬁz E?Dfﬁi » 2higdE [T—F] - MR RS H iR

S0TEE
5 BWERA i [wil
—t
[ BT AR )

i Bl
STMicroelec tromics ¥iral COM Port

A Eﬂﬁiiﬂﬁﬂ%&ﬁﬁﬁ'

[ F—zm || EE |
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eStart to install the driver, please wait.

o) i EFESEREE - STM32 Virtual COM Port

FHEEZERSEEE..

QCIick on Install this driver software anyway.

'@' Windows =t w

=

> FEEREEXNEFEN)
{57 EE = 2 = E i

PREE SRR

3 DHTREESRABTEQD
. CREEERCEEEANTREER AR LNENETRE - REEY
RENAEERE TS TN ERETES AR ENAAZSA -

(v) EEEZA=HD)
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@The driver files have now been installed and your installation is completed.

J button to finish the driver install and close the dialog.

(&)

Il EFENELES - STMicroelectronics Virtual COM Port

Windows BIEFE T EE 285

Windows CREEHEERSENEANEINE

STMicroelectronics Virtual COM Port

RAIO TECHNOLOGY INC.
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@We can see the device is shown up in the list of Device Manager (STMicroelectronics Virtual COM Port), it means that the
Windows Machine recognizes this USB device and it has associated a specific driver to communicate with the device.

Please refer to the following figure.

-

[ & s=eEs =i
220 nEA BEY SEE
e | FE HE 8 F%S

a 2y Ardick-PC
- |2 Biometric
-l DVD/CD-ROM #Ei
> g [DE ATA/ATAPI =515
= o AT )

4§ libusb-win32 devices
----- § STMicroelectronics Virtual COM Port
- b WSD FIEIERE

» U MBS ERE
- F THERE

S5 o B .

N B
N w58

g

R

2.2 Software Main Window
The AP for RA8876 / 77 / 71(M) / 73(M) has 3 major files. “RA8876_77_AP.exe” is the main executable file, usb_off.ico and

usb_on.ico are used for the icon library while the main program is executing.
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Launch “RA8876_77_AP.exe” the system status is shown as below.

When the USB port keeps disconnecting:

mlcon “USB Connection Status” is shown as the color red that represents the USB device is disconnected.

mAll of the IC Functional Buttons are disabled.

mStatus Window is closed.

E RABBY6_77_71(M)_73(M) APv1.1.00

I

IC Function Button Disable USB Connection Status Software Information

When the USB port keeps connecting:
mlcon “USB Connection Status” is shown as the color green and represents the USB device is connected.

mAll of the IC Functional Buttons are enabled, user is able to choose which function is going to use on the menu.

mStatus Window is opened and showing the related parameters for system.

In the case of the RA8876 or RA8877:

th1 rase76 77 710M) 730M) AP V1100 [l (] £ Status (= =

EEICET RGN

.............. Weindow info, |Ee e

IC Function Button Enable }ﬁ”"‘ | frwver:wv3
LCD Resolution: 1280 x 800
Canvas Start address: 0
USB Connection Status Canvas image width: 2560
Canvas image’s color depth: 16bpp
Main Image Start Address: 0
Main Image Width: 2560

Software Information Main Window Color Depth: 16bpp
Main Window (X,¥): (0,0)

Active Window Size: 1280 x 800

IC Part Number & F/W Version Active Window (X.¥): (0.0)

Graphic Read/ Write position: (0,0)

Status Window

[ Refresh | |[clear Display Window
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In the case of the RA8871(M) or RA8873(M):

[-1 rRage7s 77 710M) 73(M) APv1. 400 =n Eh <= Sttty |
e A ; Layer Select
gk @ 'FI foma @ ': PIP ‘ o @ Layer1 ©) Layer 2 © Layer 3
‘-\‘ i (L 4 ." \“.l’lndD'.N InfU. I—I—lFont Infol 5TE Infol
IC: 8873 F/W Ver. : v2.3
LCD Resolution: 800 x 480
RAM View Function Disable Canvas Start address: 1572864

Canvas image width: 800
Canvas image’s color depth: 16bpp

Main Image Start Address: 1572864
Main Image Width: 800

Layer Select Function Enable Main Window Color Depth: 16bpp

Main Window (X,¥): (0,0)

Active Window Size: 800 x 480
Active Window (X,¥): (0,0)

Graphic Read/ Write position: (0,0)

Refresh | |[Clear Display Window

2.3 IC Function Button
There are some useful functions for RA8876 / 77 / 71(M) / 73(M) which are listed on the menu of AP tool. Including “SPI Flash
Tool”, “MPU Write Tool”, “Text Function”, “Memory View”, “DMA Function”, “Draw Function”, “BTE Function”, “PIP Function”,

and “Layer Select”.

s

Eﬂ RABE76_77_71(M)_73(M) AP v1.1.0.0

Soi T @
/ I

SPI Flash Tool / Text Function DMA Function BTE FLIJnction

MPU Write Tool Memory View Draw Function PIP Function
(76 ~ 77 only)

=T o | Layer Select
Laye.r Select o (71(M) ~ 73(M) Only)

) Layer 2 ) Layer 3

Window Info. |Font Info. | BTE Info. |

IC: 8373 F/W Ver. : v2.3

LCD Resolution: 800 x 480

Canvas Start address: 1572864
Canvas image width: 800

Canvas image’s color depth: 16bpp
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3. SPI Flash Tool

RA8876 / 77 /| 71(M) / 73(M) provides a SPI master interface for accessing the external Serial Flash ROM. Serial Flash ROM
function of RA8876 / 77 / 71(M) / 73(M) can be used for the FONT mode and the DMA mode. FONT mode means that the
external serial Flash ROM is treated as a source of characters bitmap. To support the most useful characters, RA8876 / 77 /
71(M) / 73(M) 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 data source for DMA function (Direct Memory Access). User can speed up the data

transfer rate to display memory and need not too much MPU intervene by this mode.

Generally, if users want to apply the DMA function of RA8876 / 77 / 71(M) / 73(M) for their system, they have to store the
image data into the serial flash memory in advance, so they need a universal IC programmer for programming the serial flash
memory (e.g. ALL-100A). But during new product development, the image data is undetermined or is needed to modify
frequently, so if the serial flash memory is soldered on the PCB, users should implement so many fussy works, such as

de-solder, solder and program the serial flash memory etc. until the image data is fixed. It is so inefficient for development job.

To use SPI Flash Tool in this AP, it can reduce the above fussy works. User can implement erase/program/verify operations to

the serial flash memory directly, through using the SPI Master function of RA8876/RA8877.

"
J

[y ;]

. ]

Click b button to enable the SPI Flash Tool functionality.

Your display window might then look like this :

Select Flash on CSO or CS1 | 1 Binary File Size

@ et Tool ==

e —

Information

Serial Flash Size

Pl Flash Size Selec FlashonCS1 ~ / "

\~ " 64Mb (8MB) | |ROM Size(Bytes) _

' 128Mb (16MB

“ 256Mb (32MB] [Binary File(Bytes) ~

Binary File Select

" 512Mb (64MB /9

Executive Progress =t ‘ s r
- oad *.bin Fi
< To Verify or not to Verify

0% e
— . /
Program [ Verify

Start to Program SPI Flash
‘ Auto _____-9

Verify 0%
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https://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0CGUQFjAH&url=http%3A%2F%2Fwww.simul8.com%2Fsupport%2Fnewsletter%2FSIMUL8Ink_ToVerifyOrNotToVerify.htm&ei=DaDYU4bYMIn_8QXOtoG4Bg&usg=AFQjCNE6TWPsUERp6d1gXv75Z9R_y20AuA&sig2=onJ65_KCbMqJOuxsYDxqpA&bvm=bv.71778758,d.dGc
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The programming procedures for Serial Flash memory are this:

oSeIect SPI Flash on CSO or CS1.
QSeIect the memory size for the SPI Flash Memory.

2
OOpen and Select a binary file (*.bin)

QCheck the programming manipulation with “Verify” or not.
OCIick the “Auto” button to start the programming operation.

3
@Wait for the programming is completed or not which means that Erase, Program and Verify procedures are finished.

1
If the selected binary file is over the memory size which was chosen in the step 1, the tool will appear a dialogue

“Data exceeds ROM size” and then the procedure is stopped.

Warning!! @

Data exceeds ROM sizel!

2
RAIO provides another image converter which can transfer the file format from “*.bmp/*.jpg” to “*.bin”. It is

recommended to use the tool to get the binary file what we wanted.

3
If the tool shows the dialogue “Time-out !!” or “Fail " during the flash memory programming, please check the

peripheral H/W, firmware setting or software setting is correct or not. Such as the CS0/CS1 setting for SPI flash memory, the

protocol setting for SPI flash memory or the ROM size setting.
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Your Form should now look something Your Form should now look something
like this without “Verify” operation like this with “Verify” operation
£.1 SPIFlash Tool o[ 23] £ SPIFlash Tool [ o @ =5
Serial Flash Size Serial Flash Size
Flash On C50 ~ Flash On CS0 ~
32Mb (4MB) 32Mb (4MB)
64Mb (8MB) ROM Size{Bytes) 16777216 64Mb (8MB) ROM Size({Bytes) 16777216
@ 128Mb (16MB) @ 128Mb (16MB)
256Mb (32MB) Binary File(Bytes) 7995 256Mb (32MB) Binary File(Bytes) 7995
512Mb (64MB) 512Mb (64MB)
Erase Complete ‘ Load *.bin File ‘ Erase Complete ‘ Load *.bin File ‘
100%:
Program - Complete ] verify Program Complete 7] Verify
g Auto
Verify 0% ‘ Auto ‘ Verify 100% Complete ‘ ‘

RAIO has already tested some of the flash memories. The part number are listed as below please have a look. If you/user can

not get the correct programming result when using the different serial flash memory from the other IC vender, please contact

with us( M), we will try to find out a solution for you.

MXIC: MX25L6406E, MX25L12835E, MX25L25635E.
Winbond: W25Q256FVFG.

Demo Video:
YouTube

https://www.youtube.com/watch?v=rjlcnGb84PE

youku

http://v.youku.com/v_show/id XODk4NzUyNTc2.html
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4. MPU Write Tool

In this section, we'll take a look at “MPU Write Tool”. With the Starter-Kit of RA8876 / 77 / 71(M) /73(M) and this AP tool, user
is able to use USB port for dumping image data from PC to the external SDRAM of RA8876 / 77 / 71(M) /73(M), and show the
image data on the LCD panel directly (Please refer to Figure 1-1).This manipulation will base on the user’s setting to generate
a program paragraph coded in C-Language, the C code can be easily migrated to user’s own firmware. Besides, for applying

RA8876/RA8877, user might need more subroutines when using the generated C codes, thus RAIO also provides so many

F/W APIs for the convenience of our customers, please contact with our FAE (M)or visiting our official website for getting

the related information.

This function supports two kind of digital image format, Bitmap and JPEG. When we choose to use Bitmap format, RA8876 /
77 1 71(M) /73(M) supports 2 color depths, 1bpp and 24bpp. On the other hand, JPEG format only supports 24bpp. The color
depth 1bpp is used for the function “BTE Color Expansion of RA8876 / 77 / 71(M) /73(M)”, so the 1bpp function should be
assorted with the BTE function of the AP. For 24bpp RGB image, the AP will detect which color depth setting was selected for
RA8876 / 77 / 71(M) /73(M) (8/16/24bpp), and transfer the image format to accord with the selected color depth, therefore
deliver the image data for RA8876 / 77 / 71(M) /73(M). This is a common way for refreshing the display.

Click “MPU Write Tool ” Button on the main menu. You should see the item you selected as below:
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. Mirror horizontally
Rotate Right R 2

) Mirror rtically
o \

i

Active Window Width

Load Picture File

T - (i) |

Active Window - | Write Picture To LCD | \
Active Wind Write Picture to LCD

O

Rotate Left

BN

Upper-Left corner
coordination o

~

Active Window Height
Show Selected

Image

-©

Show API C code

MPUS_16bpp_Memory_Write{100,200,320,240, *data);
/f*data : image 8bit 16bpp data —9

The operating procedures for MPU Write Tool are described as following:

0 Set the start address for active window in accordance with the allocated memory area.

9 Load an image file, supported 1/24bpp data format. The color depth 1bpp is used for the function “BTE Color Expansion
of RA8876 /77 | 71(M) / 73(M)”, so the 1bpp function should be assorted with the BTE function.

9 After loading the image file, the form will show a cut down picture and the height/width information for the image.

e Click the button “Write Picture To LCD”, you should see data transferred to the allocated memory area of RA8876 /77 /
71(M) / 73(M) by USB port, and then the image will be displayed on LCD panel.

9 If we have done the above procedures, we can get a paragraph of API program from C code dialog box. Users can
migrate the related API code to their own firmware code.
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1
RA8876 / 77 | 71(M) / 73(M) supports many useful functions, so user might take a little bit time to create the

firmware program without any open resource. For the convenience of our customers, RAIO also provides plenty of
API codes, our customers’ just need to migrate these subroutines to their firmware and set a few parameters, and
then they are able to use RA8876 / 77 / 71(M) / 73(M) for displaying on their system instantly.

2
The rotate and mirror functions are only supported at 24bpp color depth image.

Virtual display on LCD panel (Resolution is 1280x800, the display color seems a bit different between visual effect, it attributes

to photograph)

(X=0,Y=0)

(X=100, Y=200)

320

Demo Video:

YouTube
https://www.youtube.com/watch?v=Ly-8XRgCNyY

youku
http://v.youku.com/v_show/id XOTAWMTA50DUy.html|
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5. Text Function

5.1 Internal CGROM
RA8876 / 77 | 71(M) / 73(M) supports the text display function. The RA8876 / 77 / 71(M) / 73(M) is built-in 8x16, 12 x 24, 16 x
32 dots ASCII Characters ROM that provides user a convenient way to show the characters on LCD display. Furthermore,
RA8876 / 77 /| 71(M) / 73(M) can use the 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. Users can base on
their display requirement, select a font ROM from the seven available product numbers. The supported product numbers are
GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, GT30L32S4W, GT30L24F6Y and GT30L24S1W. When user
wants to show characters on LCD screen, just need to set RA8876 /77 / 71(M) / 73(M) is worked in the text mode, select
using internal or external font ROM and deliver the font code to RA8876 / 77 / 71(M) / 73(M). After RA8876 / 77 / 71(M) / 73(M)
decodes the font codes, the core of RA8876 / 77 / 71(M) / 73(M) will transfer the font display data from font ROM to display
RAM. Then the font will be shown on the LCD panel.

Click “Text Function ” Button on the main menu. You should see the item you selected displayed:

Character foreground color
Select Internal CGROM or and background color
Genitop CGROM

o\ﬂ@«w )ﬁ@
"i];'t';;];;i'ﬁﬁﬁaﬁT&;ﬁ-&;;'&ﬁaﬁ‘i Character Control
FI
Select ISO/IEC Fdreground Color : OxFFFF
|
B4 ck d Colo D 0xF800
8859 (1/2/4/5) s " &Y.
e.g. color : red
24bpp: 0xff0000,
=~~~ | 150/1EC 8859 (1/2/4/5) e
2 - ghpp: el
Character Height Size
24 - e
Active Window Upper-Left Active Window
Corner X/Y Coordination width Alignment Select Character
b = e W ___ | B Height size
. . Y 8876 15 a low power color LCD Controller
Active Wlndow//’ [ ith suppost for up to 512M.-bits cxteraal SDRAM I | character Width Enlargement (16/24/32)
i |
Parameter | . memory. The RAERTS supports an_3.r‘16—b1_t ) 1 -
@< Actwl_:z;:rédowl asynch:onous parallel ]10\_st bus while providing |
|h1ghperfomanmhanﬂw1dthmtothcmﬂr.mal .
\\ 200 display ory allowing for fast s apdates. 1 Character Height Enlargement
The RA3875 also provides support for multiple | 1 - \
- Internal_CGROM_Select ISOIECS859_2(); \
= Select_Font_Height_WxMN_HxM_Chromakey_Alignment(24,1,1,0,0); P
. 0 : | Font_Line_Distance(0); Character Line gap 6
Text Editing Area Set Font_to_Font Width(0); 0 @ Other
Print_Internal_Font_String(100,200, 500,300, 0xFFFF,0xF800, *str); =
[(%str : font code
related
f_ Character to Character Space
/ 0 @ functions
i &)
/
é
Show C Code Run Text Function
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The operating procedures for the Internal CGROM Text Function are described as following:

0 Select the internal CGROM
9 Select which part will be used for ISO/IEC 8859 (1/2/4/5)

9 Set the foreground color and the background color for the displayed characters. For the data format of the input color, it is
based the canvas color depth setting of RA8876 / 77 / 71(M) / 73(M) (8/16/24bpp), it can be three kinds of type, we use

the pure red to be an example here.

8bpp, data format is set to Oxe0
16bpp, data format is set to 0xf800
24bpp, data format is set to 0xffO000

9 Select character height (16/24/32)

9 Set the related functions for displaying character, such as “Alignment”, “Chroma Keying”, “Enlargement”,
“Character-to-character space” and “Character line gap”.

@ Set the related parameters for active window, e.g. the start address, width and height for active window. AP will
automatically set the text cursor to the same address with the start address of active window. The text cursor has

automatic movement function; the cursor address will be added one automatically, after a new character is stored in the
display RAM and shown on the panel.

0 Type the supported characters or symbol within the “Text Editing Area”.

9 Click the button “Send”. AP will store the font data from font ROM to the display RAM and the characters will be shown on
the LCD panel.

@ If we have done the above procedures, we can get a paragraph of C program from C code dialog box. Users can migrate

the related API code to their firmware code for internal CGROM text function.

Virtual display on LCD panel (Resolution is 1280x800):
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5.2 External CGROM
When using the external font ROM from Genitop for RA8876 / 77 / 71(M) / 73(M), with some simple AP’s settings and the font
typing, user can easily show fonts on the LCD screen with different encoding standard, such as GB2312, GB12345, BIG5, JIS

and Unicode efc...

Select Internal CGROM Select Genitop CGROM Character foreground color
or Genitop CGS)M Character sets and weidth style and beackground color
N /

/
Elreetool N / o=
Gharacte Conero
Foreground Color D OxFFFF
Select Genitop CGROM Select Character sets o
Background Color D 0xF300
GT30L24T3Y v BIGS - -
e.g. color : red
24bpp: OxffO000,
Character width style setting égzap:ogfsuu,
01b - Character Height Size
24 - \
. - ~
Active Window Upper-Left Active Window e
Corner X/¥ Coordination Width [C] Alignment Select Ch t
X 200 600 [*] Chroma keying elec aracter
Active Window /4“ TR B R RET ZAE h Width Enla Flelght Size
e 5 Character th Enlargement
// | TEMAZFE - 79 - BHAERA I ke (16/24/32)
Parameter @2 Active window, #1288 & 8 HFAISL - FEGERFDR+ | 1 v
|  Height Vg oo pepise R 1c B3t - LREE | .
NN o0 | BEMERINEE O RRKET 4y || | Character Helght Enlargement
gl - T BREEA - 1 - '\
o’— Backaround_color_&5k(0xF800); \
.. Active_Window_XY (200, 100); -
Text Editing Area | € code:| Active Window_\H(500,300); Character Line gap 9
Goto_Text_XY{200,100); 0 %
Show_String(*str); |
Ji=str : font code L Other
Character to Character Space related
/ 0 = .
= functions
[
0Show C Code eRun Text Function

0 Select the external CGROM (Genitop CGROM)
9 Select which supported product number will be used, select the font style and font width.

9 Set the foreground color and the background color for the displayed characters. The data format for the
foreground/background color, it is based the canvas color depth setting of RA8876 / 77 / 71(M) / 73(M) (8/16/24bpp), it

can be three kinds of type; we use the pure red to be an example here.

8bpp, data format is set to Oxe0
16bpp, data format is set to 0xf800
24bpp, data format is set to 0xffO000
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9 Select character height (16/24/32)

9 Set the related functions for displaying character, such as “Alignment”, “Chroma Keying”, “Enlargement”,
“Character-to-character space” and “Character line gap”.

@ Set the related parameters for active window, e.g. the start address, width and height for active window. AP will
automatically set the text cursor to the same address with the start address of active window. The text cursor has

automatic movement function; the cursor address will be added one automatically, after a new character is stored in the

display RAM and shown on the panel.

0 Type the supported characters or symbol within the “Text Editing Area”
@ Click the button “Send”. AP will store the font data from font ROM to the display RAM and RA8876 / 77 / 71(M) / 73(M)

will show the fonts on the LCD panel.
9 If we have done the above procedures, we can get a paragraph of C program from C code dialog box. Users can migrate

the related API code to their firmware code for external CGROM text function.

Virtual display on LCD panel (Resolution is 1280x800, the display color seems a bit different between visual effect, it attributes

to photograph)

Demo Video:
YouTube
https://youtu.be/QV2ARVI4IiAE

youku

http://v.youku.com/v_show/id XMTQyMzgyNTgzMg==.html
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RAIO"

6. DMA Function
RA8876 / 77 / 71(M) / 73(M) supports a SPI master interface for accessing Serial Flash/ROM, Serial Flash function can be

used for DMA mode. DMA mode means that the external flash memory is treated as the data source of DMA function (Direct
Memory Access). User can speed up the data transfer to display memory without MPU intervene. Besides, before using DMA

function, users have to store the image data into the serial flash memory previously.

RAIO provides another image transfer tool named “Image Tool”; users can exploit the tool for transferring the image format
and get the binary file. After we have done the transferring of the image files, we will get a “*.bin” file and a “*.xIs” files. The

“* bin” file is a data source and it is used to store into the serial flash memory by the SPI Flash tool. The “*.xIs” file is used for
recording the related information of each transferred image file, for example, the file name, width, height, data format, size and

start address, efc...

For the manipulation of Image Tool, please refer to the user guide of Image Tool. Let’s take a look at an example, there are six
128 x 128 icons below (RAIO also provide so many useful 64*64/128*128 icons; please refer to our official website

http://www.raio.com.tw/E%20version/e_product.tech3 pic.htm, and we can provide the custom — made icon service for our

clients when needed). After the transferring of the image files, AP will generate two files “All_Pic_65K .bin” and

“All_Pic_65K .xIs”.

31_16.hmp S0_24 bimp a0_16 bmp

DE:_24 bimp DES_16.binp AN Pic_B5K s 41 Pic 65K bin
“All_Pic_65K .xlIs” contains some image information as following:

A | B | C | D | E | F | G |
1 |No. File Name Width Height Data Format  Size (Byles) Start Address
2 1 DES_l6.bmp 128 128 16bpp mode (RC 327768 0
3 2 DEZ_24.bmp 128 128 16bpp mode (RC 327685 32768
4 350_16.bmp 128 128 16bpp mode (RC 327685 65536
5 4150_24 bmp 128 128 16bpp mode (RC 327685 93304
8] 551 _16.bmp 128 128 16bpp mode (R 32768 131072
7 651 _24.binp 128 128 16bpp mode (RC 32768 163840
3 196608
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Program “All_Pic_65K .bin” into the serial flash memory, and then starting the DMA operations.

A
DMA
Click “DMA Function " ” Button on the main menu. You should see the item you selected displayed:
o Select Flash on CS0 or CS1
[
Set Destination LA /IEIIE| _
Flash On CS1 ~ Select ROM Size
Upper-Left corner DMA Function 9 .
o >128Mbits

coordination

Destination (Memory)

[¥/] ROM Size > 128M
0. ——
N
X: 100 Source (SPI Flash)
Destination Upper-Left
corner coordination Source Start Address
. ¥: | 200 o QSet the image start
Set DMA Block Width _
d Heiah address in the SPI
and Height Destination Block Width W: 128 Source Width
@\\ 128 flash memory
Destination Block Height H: 128 \
1 3 \~
; : eSet the image width

Show API C code switch_24bits_to_32bits(1);

DMA_32bit(1,0, 100,200, 128,128, 128,0);
— C code: = '
00—

\

Run DMA Function

oSeIect SPI Flash on CSO or CS1.

elf the capacity of serial flash memory is more than 128Mbit, then this item should be checked. In this case, we use
256Mbits serial flash memory here, so the item “ROM Size > 128Mb” needs to be checked.

eSet the source start address for the displayed image. As the example here, the source start address for “DES_16.bmp” is
HOH.

eSet the width for the original image, the image width is 128 here.

OSet the destination address for canvas. x=100, Y=200.

@Set the width and height for the destination block. We set the completed size to 128x128 in this example.

oCIick the button “Run” to execute the DMA function.

Gn we have done the above procedures, we can get a paragraph of API program from C code dialog box. Users can

1
migrate the related API code to their own firmware code for their application.
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1
If the capacity of serial flash memory is more than 128Mbit, then the serial flash memory should be addressed in

32-bit mode. Generally, serial flash memory is addressed in 24-bit when the memory capacity is less than or equal
to 128Mbits. So, if the memory size is more than 128Mbit and user wants to use a serial flash memory for RA8876
1771 71(M) / 73(M), it is needed to set the memory is worked in 32-bit mode before implementing any read/write
data command to RA8876 / 77 / 71(M) / 73(M) and serial flash memory.

When the step 1 “ROM Size>128Mb” is checked, run DMA function, RA8876 / 77 / 71(M) / 73(M) and the serial
flash memory will be worked in the 32-bit mode. After executing the DMA function, we can get a paragraph of API
program from C code dialog box. There is an extra code subroutine named “switch_24bits_to_32bits API”, Users
have to migrate the related APl code from API library to their own firmware code for 32-bit application. If the step 1
“‘ROM Size>128Mb” is not checked, then RA8876/RA8877 and the serial flash memory will be worked in the 24-bit

mode, you should see the item you selected displayed as below:

L2 DMATool (o] & |ms]

Flash On CS1 ~
DMA Function |

Destination {Memory) S
ize

X: 100 Source (SPI Flash)
Destination Upper-Left

corner coordination Source Start Address
¥: 200
1]

Destination Block Width W: 128 Source Width

128
Destination Block Height H: 128

Run

DMA_24bit(1,0,100,200, 128, 128,128,0);
C code:
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Virtual display on LCD panel:

(100,200)

128

DMA function can be used to show the partial block of the original pattern. The example here is going to show the half pattern
of “S1_24.bmp”.

DMA Teol = | =]

Flash On CS51 ~
DMA. Function

Destination (Memory) —
ize

X: 400 Source (SPI Flash)
Destination Upper-Left
corner coordination Source Start Address o
Y: 200 —
163840 —
Destination Block Width W: 64 Source Width
9~ 128

Destination Block Height H: 128

switch_24bits_to_32bits(1);
L
C Je: DMA_32bit{1,0,400,200,64,128,128,1635840);
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Most of the operating procedures are the same as the preceding above. The different operations are listed as below.

0 The image data of S1_24.bmp is stored in the SPI Flash Memory; its start address is “163840” which is exposed at the
file “All_Pic_65K .xIs”.

9 In this case, we just want to show half width of image data from SPI Flash Memory (64x128), so the destination block
width should be set to 64.

Virtual display on LCD panel:

(100,200) (400,200)

128

Demo Video:
YouTube

https://www.youtube.com/watch?v=PJ-6 h9sFMk

youku

http://v.youku.com/v_show/id XOTAWMjAWNDY4.html
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7. Draw Function

RA8876 / 77/ 71(M) / 73(M) provides a Geometric Engine which can be used for drawing geometric figures on the display, e.g.
Ellipse, Circle, Curve, Square, Line, Triangle and Square Of Circle Corner etc. User just need to set a few program setting and
will be able to show the patterns on the display. These geometric figures can be applied for the control button, the dialogue

box and so on.

S

Click “Draw Function ” Button on the main menu. You should see the item as below:

Select Geometric Shape

coordination (X,Y) ~ Active Window Width and

/

Height 9 ry——

&cti\re Window Width
280
: 0
¥: 0 Ellipse Curve [UR}l Elipse Curve (I_R}l Square |C’|rc|e Square| ik
Color: D
0x0000
Start | ) Color
€.0. COIOF & P
X: 0 24bpp: 0xff0000, \
16bpp: 0xf800, e
¥Y: 0 8bpp: Oxed
Drawing
Function Height color Fil
Parameters 800 Fill M
End
e\\ X: 1279
- . 79 ;)
Color Fill or
not Fill

C code:

Active_Window_XY(0,0);
Active_Window_WH(1280,800);
Draw_Square_Fill[0x0000,0,0,1279, 739);

~o
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The operating procedures for Draw Function are described as following:

0 Select a geometric shape what you needed, we use square for an example here, and we are going to fill up the 1280x800
display with the color black. Please note that the operation is normally used for cleaning display.

9 Set the related parameters for active window. Please note that the drawing function is only worked within the active
window area. In this case, we set X=0 and Y=0 for the coordinates of active window, and set the Width=1280, Height=800

for active window area.

9 Set the start point and the end point coordinates for the square what we wanted. And then RA8876 / 77 / 71(M) / 73(M)
will draw a corresponding square on the display. So for different size of the square, we should set different parameters.

Here, the coordinate of start point are X=0 and Y=0, the coordinate of end point are X=1279 and Y=799.

e According to the description in the chapter 5 “Text Function”, the setting of color black is equal to 0x0000h when the color
depth is set to16bpp.

9 Set the square is filled up or not.
@ Click the button “Run” to execute the DMA function.

0 If we have done the above procedures, we can get a paragraph of API program from C code dialog box. Users can
migrate the related API code to their firmware code for displaying geometric figures.

Virtual display on LCD panel:

(0,0 1280

800

(1279,799)
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Here, we have another example for “Circle Square”:

Parameters

N

Square Of Circle

Corner Input

Eﬂ Draw Function

Active Window

X: 0

Y: 0

Height
800

Width
1280

Ellipse Curve (UR) | Ellipse Curve (LR) | Square | Circle Square e

Start
X: 200 Circle Y Radius
¥: 200 25
N Circle X Radius
25
End
X: 450
y: 400
Active_Window_XY(0,0);
C code: Active_Window_WH(1280,800);

Draw_Circle_Square _Fill[0xF300,200,200,450,400,25,25);

[E=8 BB ==

Color: [?j

0xF300
e.g. color : red
24bpp: 0xffo000,

16bpp: 0xf800,
Bbpp: Oxed

Color Fill
Fill -

0 Click the button “Circle Square”.

Run
N
(3

9 Set the start point and the end point coordinates for the circle square. Here, the coordinate of start point are X=200 and
Y=200, the coordinate of end point are X=450 and Y=400. Besides, we need to set the X and Y radius to 25 for the four

circular - arc — shapes. In order to force user to get the correct display with circle square, there are some restrictions for

the X and Y radius. If the wrong parameters are used by user, then this tool will show an error dialogue box. The

restrictions and the error message are followed as below.

(End point X - Stert point X must large than (2*major rading + 1) and (End point ¥ - Stert point ¥ st large then (2 *minor radivs + 1)

9 Click the button “Run” to execute the DMA function.
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Virtual display on LCD panel:

(0,0) 1280

(200,200)

800 AN

(450,400)

(1279,799)

If we want to make a simple control button on the display, user just needs to combine text and drawing circle square function.
Firstly, we can draw a circle square by using the above function, secondly place texts with Chroma key function on the shape
of circle square, and then we will get a simple button on the display. If we need more the same kinds of button for the

application, it is recommended to use the BTE function; the BTE function can duplicate the same display data to the different

memory address for showing many buttons.

Demo Video:
YouTube
https://www.youtube.com/watch?v=5JLdPng51fs

youku
http://v.youku.com/v_show/id XODK5OTEONzQO.html
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8. Memory View Tool (RA8876 / RA8877 only)

8.1 Ping-pong Buffer
RA8876/RA8877 provides an external SDRAM interface; its memory capacity is supported up to 512Mbits. In the normally
application, RA8876/RA8877 is needed to work with an external SDRAM for storing the processed data and LCD display
requirement. Ordinarily the capacity of SDRAM should be more than the sum of displayed data. Therefore we can use the
main window function of RA8876/RA8877 to switch the display area. And then the non-display area can be used as an image
data buffer for storing the processed data. So if we want to implement the analogous scrolling function, we can periodically

switch the display area and the image buffer to reach the scrolling effect.

In the case here, the LCD resolution is 1280x800, the canvas image width is set to 2560, and the active window size is set to

2560x1600. So we can perceive that the canvas image is four times as big as LCD’s resolution for SDRAM programming.

Firstly, clear the 2560x1600 memory area and fill the pattern up as the following figure by using the drawing and DMA function.
The memory area can be divided to 4 blocks; the resolution for each of block is 1280x800. The block 1 is the default display
area, so the block 2, 3 and 4 are the non-display areas. But how to switch the display area to block 2, block 3 or block 47? It
can be reached by adjusting the Main Window Upper-Left corner X-coordination and the Main Window Upper-Left corner

Y-coordination.

In the functional description above, it can be used to implement so many applications. For example, as we can see in the
figure below, user can use the 15t memory block to be as the display area, meanwhile, we can refresh the image data in the
2" memory block. After finishing the data refresh in the 2" memaory block, user can switch the main window to the 2" memaory
block. This application is a little bit like “Ping-pong Buffer”, and it can help user to solve the insufficient refresh speed of MCU.

User won’t perceive the strange display as well during the data refresh operation in any memory block.
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2560

a
v

(0,0 LCD Display Area (1280, 0)

1280 , 800)

1600

(0, 800)

This AP provides a simple function for switching the coordinates of main window. Click “Memory View Tool Function

” Button on the main menu. You should see the item as below:
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Main Window Upper-Left Main Window Upper-Left corner X-coordination
corner X-coordination Minimum and Maximum Values
\ e
al
x:

Adjustment lever

e |- Memﬂw"'mTX \\E@
Main Window Upper-Left 0 o 1230
corner Y-coordination [ ~
—~©
0 — .
[ Scroll Function Adjustment lever
Scroll Function
Horizontal Scroll
v Vertical Scroll /e
0 / Enable
Scrolling
1 Function
Main Window o
Upper-Left corner
PP | 7388 []
Y-coordination
Minimum and

Maximum Values

0 The coordinates for main window can be set the minimum or maximum value in this case; the coordinate ranges will be
automatically calculated by the AP. The canvas width minus the LCD display width is equal to the maximum coordinate

value of main window. For example the LCD display width is 1280, so the maximum value of X coordinate for this case is
2560-1280=1280. Moreover, the maximum value of Y coordinate is 8188-800=7388. Please note that although the
coordinate can be set up to 7388, but it still has to depend on the actual memory size. If the memory size is not enough,
then the unpredictable display will be appeared on the LCD. Regarding the canvas image, main window and the memory
size calculating, please refer to the datasheet.

9 Set the coordinates for the main window. For example, if the memory block 2" is displayed, then X=1280 and Y=0. The
coordinate X should be divisible by 4 due to IC designing restriction. But, the coordinate Y is without this restriction.

9 There is another fast way to set up the coordinate for X or Y, is using your mouse to drag the scrollbar except assigning a
coordinate value in the X/Y field.

9 Scroll Function, tick “Scroll Function” item for enabling the scroll manipulation.
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Virtual display on LCD panel:

2560

a
v

0,0 (1280, 0) LCD Display Area

1280 , 800)

1600

(0, 800)

8.2 Scrolling

Scroll application for main window.

Memary View Toal =3 52 @
X Enable
Main Window e L .
97 0 Scrolling
Upper-Left corner -
] Function

XY-coordination

Horizontal or Vertical

Seroll Function

|~ Scroll
@ Horizontal Scroll
¥: . /
\ Vertical Scroll
0
Speed (ms) eScroII Time Interval
T
Function Start or
> | m o
—_— Stop
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0 Check the item “Scroll Function” to enable the scroll operation.

9 Set the start address of main window (X and Y) for the scroll function. Scroll function will depend on these start addresses
to carry out the scroll operation up to the maximum coordinate X/Y value.

9 Set the scroll operation is worked with the horizontal scroll or the vertical scroll. Each of horizontal scroll can be moved
4-bit X coordinates (As the above description, it is the design restriction for RA8876/RA8877). And each of vertical scroll

operation can be moved 1-bit Y coordinate.

9 It is the time interval which is required for the scroll function to shift location.

9 Start and Stop keys are used for starting or stopping the scroll function.

Horizontal scroll illustration:

Before Horizontal Scrolling.

0.0 (1280, 0)

RAIO |#irsRHERART

D Controlle r |

1280x800
LCD Display Area
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Horizontal Scrolling >

©,0) (1280 , 0)

m%ﬂﬁhﬁﬁmﬂn

LCD Controlle 1 House

1280x800
LCD Display Area

v

Horizontal Scrolling

(0,0) (1280, 0)

m%ﬂﬁhﬁﬁmﬂn

LCD Controlle

1280x800
LCD Display Area
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After Horizontal Scrolling:

©,0) (1280, 0)

(1280,0)

Iﬁﬁ‘fEﬂ}ﬁﬁnfﬁEBE NS

LCD Controller B Driver

1280x800
LCD Display Area

The visual effects for the above illustrations are looked like the scrolling text marquee on the LCD display. For the further
application, RA8876/RA8877 can be used to execute the scroll function and refresh the display data synchronously. So this

function can perk up the still image for many high resolution displays.

Demo Video:
YouTube
https://www.youtube.com/watch?v=DbliJiKRghd4

youku

http://v.youku.com/v_show/id XODk4NzQOMDQw.html
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9. BTE Function

9.1 Memory Copy with ROP
The detailed introduction for BTE function, please refer to the related description of datasheet of RA8876 / 77 / 71(M) / 73(M).

This AP provides several most common usages for BTE function; help our user to realize what the BTE function is and how to

use it.
Click “BTE Function ” Button on the main menu. You should see the items as below:
oSeIect BTE Function
f:deTe = lle =
Copy Alpha
e Copy e CE Solid Blendi
ROB. c"x"““" piid Chroma Fill Picture.
¥ Key Mode
SOURCE D (50) SOURCE 1 (51) Destination (Des)
Memory Start Address: 0 Memory Start Address: 0 Memory Start Address: 0
Image Width: 2560 Image Width: 2560 Image Width: 2560
S0 Parameters /’ 1280 X 0 o
Window Uppe_r—Ll_aft L8 Window Uppe_r—Ll_aft ) Window Upper-Left L8 N
corner coordination = corner coordination y: 800 corner coordination v: o \
ROP Code S0 - Image Color Depth: 16bpp 9
Width: 128 Des Parameters
BTE Size | ight: 128
ROP Code 9/
S1 Parameters A
C code:
ShOW API Ce_ BTE_Memory_Copy(0,2560,1280,0,0,2560,0,800,0,2560,0,0,12,128,128); /e Run
code
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The memory arrangement is shown as the figure below. The 1t memory block is set to be the destination, the 2" memory
block is set to be the data source zero (S0), the 3@ memory block is set to be the data source one (S1), and the 4" memory

block is the unused area:

2560

- n
« L

2(S0)

(1280 , 800)

(0,0 LCD Display Area (1280, 0)

1600

(0, 800)

0 Click the function “Copy ROP(Memory Copy with ROP)”.

9 Set the related parameters for SO, S1 and Des, the start address is the default value “0”; the image width is same as the
canvas image width “2560”. The coordinate for SO is set as (1280, 0), the coordinate for S1 is set as (0, 800) and the

coordinate for Des is set as (0, 0)

9 Set the logical operation for SO and S1, we set ROP=S0 for this example.
9 Run the Copy ROP operation.

9 If we have done the above procedures for Copy ROP, and then we can get a paragraph of API program from the C code
dialog box. Users can migrate the generated C code to their firmware code for using “Memory Copy with ROP” function in

their system.
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The executed result is shown as the figure below. When ROP = SO0, it means that the SO is set to be the source data, and after

executing BTE function, the display data in the 2" memory (S0) will be copied to the 1t memory block (Destination).

2560

a
v

(0,0 LCD Display Area (1280, 0)

2(S0)

(1280 , 800)

1600

(0, 800)

A

Demo Video:
YouTube

https://www.youtube.com/watch?v=srbvwcZ w U

youku
http://v.youku.com/v_show/id XODk4Njc1NzA4.html
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9.2 Memory Copy with Chroma Keying
This function is something like Memory Copy with ROP function, but it is without ROP logical operation. The color of chroma

keying can be set for this function which is used for filtering one of SO color.

The memory arrangement is shown as the following figure. The 1t memory block is set to be as the destination and the LCD
Display Area, the 2" memory block is set as the source data zero (S0), the 3" memory block is set as the source data one

(S1), and the 4" memory block is the unused area:

2560

- n
« L

2(S0)

(1280 , 800)

(0,0 LCD Display Area (1280, 0)

1600

(0, 800)

RAIO TECHNOLOGY INC. 48/61 www.raio.com.tw



RA8876 / 77 | 71(M) / 73(M)

RA8876 / 77 / 71(M) / 73(M) AP User Guide

Select Copy o

EBTE
Copy ‘ Pl
ROP
Key
|

E=) EO8 3

Copy Alpha
Copy CE Solid Blending
CE Chroma Fill Picture
Key Mode

Chroma Key

SOURCE 0 (50)

Memory Start Address: o

Image Width: 2560

x: 1280
Window Upper-Left ™
corner coordination

Destination (Des)
Memory Start Address:

Image Width: 2560

Window Upper-Left L
corner coordination

QSet SO ~ Des

C code:

BTE_Memory_Copy_Chroma_key(0,2560,1280,0,0,2560,0,0,0xF800,128,128);

¥Y: o
Image Color Depth: 16bpp < Parameters
Width: 128
BIE Size |\ cight: 128
/9 Set Chrome

Background Color Keying color

. "0 color : green
Background: e 24bpp: 0x00ff00,
0xF300 f 16bpp: 0x07e0,
: Bbpp: Oxlc e
Run —/ Run

0 Click to select the function “Copy Chroma Key (Memory Copy with Chroma Keying)”.

9 Set the related parameters for SO and Des. The S1 is not used for this example, so we do not have to set the parameters

for sourcel.

9 Set which color of SO should be filtered out.

9 Run the BTE function.
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The executed result is shown as the figure below. As we can see, the red color of SO is filtered by chroma keying setting and

the BTE engine will copy the processed SO data to the destination area.

2560

v

a

(0,0 LCD Display Area (1280, 0)

2(S0)

(1280 , 800)

1600

(0, 800)

Demo Video:
YouTube
http://youtu.be/hmidywKHmMOQ

youku
http://v.youku.com/v_show/id XOTEwODMONzQ4.html
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9.3 Memory Copy with Color Expansion
The Memory Copy with Color Expansion is used for expanding the source’s monochrome data to 8/16/24 bpp color format.

And the expanded colors are defined in the BTE Foreground Color Register and the BTE Background Color Register.
As the following picture which is shown on the LCD panel, we use MCU write function to write 1024x768 image data into the
2" memory block (S0). The monochrome image data which is stored in source 0 area seems to be zipped, that's because the

image data is 1bpp format, so the illustration is the correct display effect.

Original 1bpp monochrome image:

The memory arrangement is shown as the following figure. The 15t memory block is set to be as the destination and the LCD
Display Area, the 2" memory block is set to be the source data zero (S0), the 3" memory block is set to be the source data

one (S1), and the 4™ memory block is the unused area:

2560

a
v

(0,0 LCD Display Area (1280, 0)

1(Des) |:| 2(S0)

1600

(0, 800)
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RAIO"

Select
Copy CE o \
£ eTE [E=H E=E=
G Alph;
Copy (S’W Copy gg\‘ Solid BIer‘l’di:g
ROP b CE Chroma Fill Picture
e Key Mode

SOURCE D (50)

Memory Start Address: 0

Image Width: 2560

x: 1280
Window Upper-Left ™
corner coordination >

Destination (Des)
Memory Start Address: 0

Image Width: 2560

x: 0
Window Upper-Left

corner coordination
¥Y: 0

Image Color Depth: 16bpp
Width: 1024

BTE Size |\ ioht: 768

C code:

T

. e.g. color : red
Foreground: 24bpp: 0xff0000,

| 16bpp:
pp: 0xf800,
OxF800 . Bbpp: 0xe0

Background Color
Background:
0x0D7ED

e.g. color : green
- 24bpp: 0x00ff00,
f 16bpp: 0x07e0,

i Bbpp: Oxic

BTE_Memory_Copy_ColorExpansion(0,2560,1280,0,0,2560,0,0,1024,768,0xF800,0x07E0);

Run

Set SO ~ Des

parameters
_®

Set Foreground
eand Background

,/ color

\e Run

0 Click to select the function “Copy CE(Memory Copy with Color Expansion)”.

9 Set the related parameters for SO and Des. The S1 is not used for this case, so we do not have to set the parameters of

S1.

9 Define the BTE Foreground Color and define the BTE Background Color. The monochrome data “1” will be expanded to
the colorful data and it is defined by the setting of BTE Foreground Color Register. The monochrome data “0” will be

expanded to the colorful data and it is defined by the setting of BTE Background Color Register.

9 Run the BTE function.

The executed result is shown as the figure below.

RAIO TECHNOLOGY INC.

www.raio.com.tw



RAIO" RA8876 / 77 | 71(M) / 73(M)

RA8876 / 77 / 71(M) / 73(M) AP User Guide

2560

a
v

(0,0 Des (1280, 0)

1600

(0, 800) (1280 , 800)

Demo Video:
YouTube
https://www.youtube.com/watch?v=MRV7CrANIAQ

youku
http://v.youku.com/v_show/id XODk4NjYwOTI0.html
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9.4 Memory Copy with Color Expansion and Chroma Keying
This function is something like Memory Copy with Color Expansion function, without the monochrome data “0, therefore the
original data in the destination will not be changed. Without the BTE Background Color setting, the other operations are same
as Memory Copy with Color Expansion function, so we are not going to explain the detailed manipulations again. The

executing result is shown as the figure below.

2560

- n
« L

2(S0

(0,0 Des (1280, 0)

1600 1024x768

(0, 800) (1280 , 800)

3(S1) 4

Demo Video:
YouTube
http://youtu.be/cbwKnBfinPQ

youku
http://v.youku.com/v_show/id XOTEwWNDYxODMy.html
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9.5 Solid Fill
The Solid Fill function fills a specified BTE area (destination) with a solid color as defined in the BTE Foreground Color

Register. This function is a little like the Drawing Function.

Select Solid Fill

o

N

[l8TE \ =le=s]

Copy Alpha
Copy CE"W Copy CE Solid Blending
ROP it CE Chroma Fill Picture
i Key Mode

Destination (Des)
Memory Start Address: o
Image Width: 2560

x- 0
Window Upper-Left —~

corner coordination v

Set Des pardmeters
Image Color Depth: 16bpp pr—

Width: 10724

BIE Size |\ ioht: 768

Foreground Color

0 e.g. color : red -

Foreground: | 24bo: Oxiiooon, /e Set Color
16bpp: 0xfB00,

OxF800 . Bbpp: 0xed

BTE_Solid_Fill(0,2560,0,0,0xF800,1024,768);

Crode /e Run

0 Click to select the function “Solid Fill”.

9 Set the operated area and the solid fill area.
9 Set the required color for Solid fill.

9 Run the BTE function.
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The executed result is shown as the figure below.

2560

- n
« L

2(S0)

(0,0 Des (1280, 0)

1024x768
1600
(0, 800) (1280, 800)
Demo Video:
YouTube

https://www.youtube.com/watch?v=bbFBLHCvoUE

youku
http://v.youku.com/v_show/id XODk4NjkwNjU2.html
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9.6 Alpha Blending in Picture Mode
This function is the process of combining an image (S1) with a background (SO0) to create the appearance of partial, and then
move the calculated image to the destination. This function is a bit like the Memory Copy with ROP function, only the ROP
operation is changed to Alpha Level. In the picture mode, each pixel in the selected area will get the same level calculation for
the alpha compositing. Besides, RA8876 / 77 / 71(M) / 73(M) also supports 16-bit pixel mode for the alpha blending function, it
is not discussed here, please refer to the datasheet of RA8876 / 77 / 71(M) / 73(M) about the 16-bit pixel mode. But RAIO’s

image tool supports converting image for this 16bpp pixel mode. If user has the requirement for this application, please

. MA
contact with our FAE (M) department.

The memory arrangement is shown as the following figure. The 1t memory block is set to be as the destination and the LCD
Display Area, the 2" memory block is set to be the source data zero (S0), the 3" memory block is set to be the source data

one (S1), and the 4™ memory block is the unused area:

2560

- n
« L

2(S0)

(1280 , 800)

(0,0 LCD Display Area (1280, 0)

1600

(0, 800)
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Select Alpha Blending

Picture Mode

[ eTe

Copy
ROP

£

Copy
Chroma C:gv
—

Key
—

2ng
§ing

Alpha
Blending
Picture
Hode

SOURCE 0 (50) SOURCE 1 (51)

Memory Start Address: © Memory Start Address: 0
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0 Click to select the function “Alpha Blending Picture Mode (Alpha Blending in Picture Mode)”

9 Set the related parameters for SO, S1 and Des.
9 Set the Alpha Level (0~32), it is set to 16 here, so it has the translucent effect on the display.

9 Run the BTE function.
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The executed result is shown as the figure below.
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Demo Video:
YouTube
https://www.youtube.com/watch?v=GGo5FbaeARg

youku
http://v.youku.com/v_show/id XOTOwWMTI20TMy.html
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10. PIP Function
RA8876 / 77 /| 71(M) / 73(M) supports two PIP windows that can be used with main display window. PIP windows do not

support transparent overlay, 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.

Click “PIP Function ” Button on the main menu. You should see the items as below:
/oSeIect PIP1 or PIP2
3 PIP Function / =
Select PIP1 Select PIP2| | Click mouse’s left button on the blue area for moving PIP1 Window.
Click the button again to fix the PIP1 window's position on display
EIP 1 setiings window
PIP Window PIP Start Address : 0
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0 Click “Select PIP1” or “Select PIP2” button to choose PIP1 window or PIP2 window.

9 Set the related parameters for selected PIP window. In this case, the coordinate for PIP1 window is set to (1280, 0), the
size for PIP1 window is set to 300x300 and the coordinate for display window is set to (100,200).

9 Click “ON” button to enable selected PIP window.

e If it is needed to modify the PIP window’s parameters, after finishing the related settings, click “Set” button to execute the
PIP window function.

9 Except for the method of step 4, we can also use the mouse to move the position of PIP window on the display window.
First, click the mouse’s left button on the blue area, we will see the mouse cursor be changed from the arrow shape A
to the crosshair shape + . And then move the mouse cursor on the blue area. The position of PIP window will be moved

on the display window simultaneously with the mouse moving. If we click mouse’s left button again, it can fix PIP

window’s positions on the display window.
RAIO TECHNOLOGY INC. 60/61 www.raio.com.tw



RAIO" RA8876 / 77 | 71(M) | 73(M)

RA8876 / 77 / 71(M) / 73(M) AP User Guide

@ To enable PIP2 window, repeat the manipulations from step 1 to step 5. In this example, the coordinate for PIP2 window
is set as (1280, 300), the size for PIP2 window is set as 320x240 and the coordinate for display window is set as

(360,460).
0 Click “OFF” button to disable selected PIP window.

Virtual display on LCD panel:

280 , 0
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Display Window (1280x800)

(100 , 200)
300 , 300

800
240

Demo Video:
YouTube
https://www.youtube.com/watch?v=psNso5ZkLrY

youku
http://v.youku.com/v_show/id XODk4NzM20ODUy.html

RAIO TECHNOLOGY INC. 61/61 www.raio.com.tw


https://www.youtube.com/watch?v=psNso5ZkLrY
http://v.youku.com/v_show/id_XODk4NzM2ODUy.html

