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ES-ICD-V1 Reference board
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ES-ICD-V1 Reference board
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ES-ICD-V1 Reference board
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Connection between ES-ICD-V1 and Sensor Shield.
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Sensor Board
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LEXIDE-ul6 (Eclipse base IDE)
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source files

Display the error list.
Double-clicking the
error message jumps
to the error line in the
source file.
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LEXIDE-ul6 (Eclipse base IDE)

a-. Open Program LEXIDE-U16

LESOIDNE ALRNS)

When clicked, the following workspace setting dialog box
will be output. Set a path to workspace at [Workspace].
After that Click [Launch].

[ Eclipse Launcher

Select a directory as workspace

LEXIDE-U16 uses the workspace directary to store its preferences and development artifacts.

L]0 oE - C\ Users\pichet\lexide\ Tes b Browse...

[] Use this as the default and do not ask again

» Recent Workspaces
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LEXIDE-ul6 (Eclipse base IDE)
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The first window after
opening the program
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LEXIDE-ul6 (Eclipse base IDE)

T e
g T ROHM GROUP
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Click the button in the upper right T to display the [Open Perspective]
dialog. Select [C/C++] and Click [OK].

'R E
File Edit N

wl
e avigate Search Projec v
Clh= [ AA-EURA- A SRS A Quick A oYl
i Project Explorer &2 B%|le =0 - n
R/
4% Debug
(@ Planning
{HRemote System Explorer
[Z5Resource (default)
&0 Team Synchronizing
& Outline 2 ask Lis
An outline is not available.
e
£ Tasks 2 =g
0items
T D pt Resource Path Location Typ:
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The Perspective set to [C/ C ++].

[V Test - LEXIDE-U16

O |

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help

v@vevgvGy v ENHEYOYQRy SIS I
I Project Explorer 22 =

|Quick Access|

B nE
= O & Outline &3 [ Task L =0
An outline is not available.
{2l Problems 22 3| @ 5)i{u]
0items
Description Resource Path Location

Type
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LEXIDE-ul6 (Eclipse base IDE)
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To create a projecti
From the menu, select [File] > [New] > [C/C++ Project]
to open the [New C/C++ Project] dialog box.

|'Yl Test - LEXIDE-U16

File Edit Source Refactor MNavigate Search Project Run LAPIS Window Help

New Alt+Shift+N > [E9 Makefile Project with Existing Code [, n -
Open File... ¥ C/C++ Project
2 Open Projects from File System... C9 Project..
T Ctrl+W Convert to a C/C++ Project (Adds C/C++ Nature)
Close A Cirl+Shifisw B9 Source Folder
(% Folder
Save CUl+S & Source File
ST _ [i7 Header File
Save A Ctrl+Shift+5 [ File from Template
Revert & Class
Move... I Task
Rename... F2 % Other.. Ctrl+N
& Refresh F5
Convert Line Delimiters To >
Print... Ctrl+P
g Import..
1 Export.
Properties Alt+Enter
Switch Workspace >
Restart
Exit
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LEXIDE-ul6 (Eclipse base IDE)
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Select [C Managed Build] and then click [Next]. The
[Create C project of selected type] page will be opened.

Y New C/C++ Project

Templates for New C/C+ + Project

@ C Managed Build

A C Project build using the COT's managed build system.

_ C++ Managed Build
\@‘ A C++ Project butld using the COT's managed build system.

_ Makefile Project
\@‘ (Experimental) Create a new project that builds with
the'make’ build tool using COT's new Core Build System.

® < Back Next = Finish Cancel
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LEXIDE-ul6 (Eclipse base IDE)
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C Project p—

Create C project of selected type e |

Project name: Project_[}'l|

Use default location

Location: | C\Users\pichet\lexide\Test\Project_01 Browse...

Choose file system: [default

Toolchains:

LAPIS U8/U16 Toolchain

Project type:

~ (= Executable
® Empty Project
~ = Executable (LAPIS)
® Empty Project
(= Shared Library
(= Static Library
(= Makefile project

Show project types and toolchains only if they are supported on the platform

® < Back Finish Cancel

Set a project name.

Select [Executable (LAPIS)]

> [Empty Project] in the
[Project type] pane and select
[LAPIS U8/U16 Toolchain] in
the [Toolchains] pane.

Click [Next].

Pichet Sriphomma pichet@es.co.th
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LEXIDE-ul6 (Eclipse base IDE)

v 0o x| |
o Click [Next].

Select Configurations "

Select platforms and configurations you wish to deploy on e |

Project type: Executable (LAPIS)
Toolchains: LAPIS U8/U16 Toolchain
Configurations:

i Debug Select all

) Release
Deselect all

Advanced settings...

Use "Advanced settings” button to edit project’s properties.

Additional configurations can be added after project creation.
Use "Manage configurations” buttons either on toolbar or on property pages.

® < Back Finish Cancel
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LEXIDE-ul6 (Eclipse base IDE)
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Select U8/U16 Device

Select target device you want to use

Target MCU
Category: ML62Q1000 ~

Group: ML62Q1300 -~

LSI: MLE21367

Toolchain
Always use the latest Toolchain

Yersion; (W2 01 00

® < Back Next =

vl
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Click [Next] to open the

[Select U8/U16 Device] page.
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LEXIDE-ul6 (Eclipse base IDE)

Click [Finish] to exit the project wizard and
check that the project has been created.

1Y Test - LEXIDE-U16 - o X

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help

0O [BvRvai@vaEvidrvGy @ BN HBErO~TQR OGS v §l v X vyow @itfitieji ®|nE
&5 Project Explorer & B®|s =0 = O Outline 2 =0

v 5 Project 01

~ & Includes An outline is not available.
(¥ C/U8Dev/BuildTools/V2_01_00/Inc
& C/U8Dev/Inc

v [8 ML621367.ASM
© $$brk_reset
@ §Serror
® $$start_up
© $begin
= _init_end
@ _init_loop
@ _init_loop2
® _loop_by_byte
® _near_ram_loop

© _skip
2! Problems %2 = i f t % vo B
0 items
Description ! Resource Path Location Type
&S Project 01
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add a new source file. Right-click on a project folder and select [New]
> [Source File].

[V Test - LEXIDE-U16
File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help

MNew Alt+5hift+N > Makefile Project with Existing Code f "
Open File... C/C++ Project
. Open Projects from File System... T3 Project.
Close Cirl+W Convert to a C/C++ Project (Adds C/C++ Nature)
Close A Ctrl+Shiftsw 89 Source Folder
% Folder
Save Ctrl+S ¢ Source File
Save As.. _ [87 Header File
Save A Ctrl+Shift+5 [ File from Template
Revert & Class
Move... j Task
Rename... F2 [ Other.. Ctrl+N
&1 Refresh F5
Convert Line Delimiters To >
Print... Ctrl+P
i Import...
3 Export...
Properties Alt+Enter
Switch Workspace >
Restart
Exit
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LEXIDE-ul6 (Eclipse base IDE)
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The [New Source File] dialog box will be opened.
“main.c” is entered to the [Source file]

Select [Default C source template] for [Template].
After that, click [Finish] to add the entered source file to the project.

IV New Source File

Source File \
-
Create a new source file. =
Source folder: | Project_01 | Browse...
Source file: | main.c| |
Template: Default C source template o Configure...
@ | Finish | Cancel
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.23
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LEXIDE-ul6 (Eclipse base IDE)

T

Code Training Lapis - Project_01/main.c - LEXIDE-U16
File Edit Source Refactor Navigate Search Project Run LAPIS Window Help

NG P-4 - B @ - BNE S~ k-0 - UrdS I do RO H -G D
Et5 Project Explorer &2 ESle Y= 0 Rmancx
« & Project 01 =[x
v il Includes * main.c
¥
> (B C;/U8Dev/BuildTools/V2_01_00/Inc
- -7 * Created on: 24 n.w. 2563
> (= C/UsDev/Inc .

s e Author: pichet
? main.c *:/
~ [8 ML621367.A5M

=2 $Sbrk_reset

= $Serror

= $Sstart_up

= $begin

= _jnit_end

= _init_loop

= _init_loop2

= _ loop_by_byte
= _ near_ram_loop
= _skip

*! Problems | Tasks B Console 2 Properties

Mo consoles to display at this time.
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LEXIDE-ul6 (Eclipse base IDE)

Next, create a main function entry in the created “main.c”.
After that click Save. ||

Y Code Training Lapis - Project_01/main.c - LEXIDE-U16

File Edit Source Refactor MNavigate Search Project Run LAPIS Window Help

> I B~ R o @~ B Nig v @ s O Q @S 5~ J Bl [1: % ~
k5 Project Explorer &2 EEle Y2 8 [@maine =
v 5 Project_01 e /*
~ [ Includes * main.c
*
(= C;yu8Dev/BuildTools/V2_01_00/Inc
[ C./U8Dev/Inc T * Created on: 24 n.w. 2563
- D bl * Author: pichet
ebug T
[g main.c

~ [§ ML621367.ASM
= $%brk reset
= $$error
® $Sstart_up
= $beqgin
= _init_end

“void main(void)

{
while(1)

= _init_loop

= _init_loop?2

= _ loop_by_byte
= _ near_ram_loop
= _skip
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I'Y! code Training Lapis - Project_01/main.c - LEXIDE-U16

File Edit Source Refactor

i B~/ ~a @B wig~
&5 Project Explorer &2 K| ¥= 0O
=5 Projec -
v Q]JIJ I New
~ RmiH INC
Go Into
= (
= ¢ Open in New Window
= Det Show in Local Terminal
@ mal Copy
v (8 MLt Paste
© ¢ % Delete
e ¢ Remove from Context
® § Source
® ! Move...
e | Rename...
=
T pa Import..
=
71 Export..
2 o
=N Clean and Build Project
e Build Project
Clean Project
| Refresh

Close Project
Close Unrelated Projects

Build Configurations
Build Targets
Index

Show in Remote Systems view
Run As

Debug As

Profile As

Team

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

MNavigate Search Project Run LAPIS Window Help
B dv@vihvOvRuei®ES 4 v

%]

(& mainc 5 and select [Build Project] to
’ start the build process.
24 a.w. 2563
N pichet
Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down
F2
F5
Console &2 Properties
i t_01]

Pichet Sriphomma pichet@es.co.th

Right-click on a project folder
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¥ code Training Lapis - Project_01/main.c - LEXIDE-U16

File Edit Source Refactor

A | ®~ ]~ @
B

i3 Project Explorer &
~ =% Project_01
v ! Includes

(= C:/U8Dev/BuildTools/\2_01_00/Inc

(= C;/u8Dev/Inc
~ (= Debug
[8] main.asm
main.obj
= main.prn
L& makefile
ML621367.0bj
= ML621367.prn
L@ objects.mk
=l Project_01.abs
=/ Project_01.map
L@ sources.mk
L@ subdir.mk
[¢ main.c
~ [8 ML621367.ASM
= $%brk_reset
= $Serror
= $$start_up
= $begin
= _ jnit_end
= _init_loop
= _init_loop2
= _ loop_by_byte
= _ near_ram_loop
= _skip

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

Navigate Search Project Run LAPIS Window Help

@th@vﬁﬁvﬁv@v#va%v@@qv o B
&|e T5 5  [@mainc s
= %
* main.c

%

* Created on: 24 a.w. 2563
* Author: pichet
*/

- void main(void)
{
while(1)

Console &

t 01]
mental Build of configuration Det

Problems | Ta
CDT Build Console [
17:35:58 *¥*%
make all
make: Nothing to

Properties

e done for "all'.

17:35:58 Build Finished (took 234ms)

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved
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When the build succeeds
, an ABS file is generated.
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LEXIDE-ul6 (Eclipse base IDE)
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rce file/main.c - LEXIDE-U16

Search Project Run Window Help After that Click LAPIS and
W@~ & v & v B Debugger®TU8) | q - vig v
RS RARALE wr@es 7 Choose Debugger (DTUS)

LCD Image Toaol {LcdAtUS)
@ adc.c @ main.c H HEX Converter (HTUS) E.h @ i2c.c

[ Flash Writer (MWU16)
Stack Calculator (SCU16)

nt main( void )

E¥ pus
unﬂgned int 1, File Edit View Run Tool Window Help

wRE EE L. nro B © deoBEET ME @

Sending data...
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LEXIDE-ul6 (Eclipse base IDE)

File Edit View Run Tool Window Help

Line BP IE Address

00001 /=

00002 * main.c

00003 *

00004 * (Created on: 24 j.%. 2563
Q0005 * Author: pichet
00006 wf

00007

Q00008 void main(wvoid)

00009 {

oo010 _| _| 0:00BOH while (1)

00011 {

00012

00013 }

ooo14 _| _| 0:00BBH }

Q0013
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LEXIDE-ul6 (Eclipse base IDE)

=5 DTUS - main.c

File Edit View Run Tool Window Help
weMN B, PP ES S JsaEEERE D ¥

Click Run program

* main.c

00003 *

00004 * Created on: 24 ;.%. 2563
Qaoos = Author: pichet
00006 *f

00007

0Qoos volid main (void)

oooose {

opoolo _| _l 0:00BOH while (1)

00011 {

ooolz

00013 ¥

-l | o:00B8H }

Back to
Overview
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S-TERM Install

ROHM GROUP
SEMICONDUCTOR

S-TERM_v30 setup  Double Click File “S-TERM_v30_setup’

InstallShield Wizard

After that Appear
Preparing to Install... i .

new window
S-TERM v3.0 Setup is preparing the InstaliShield Wizard,
which will guide you through the program setup process.
Please wait.
Decompressing: S-TERM v3.0.msi
[E——

Cancel
© 2017 ROHM Semiconductor (Thailand) Co., Lt Pichet Sriphomma pichet@es.co.th P.31
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S-TERM Install

i S-TERM v3.0 - InstallShield Wizard

Welcome to the InstallShield Wizard for .
S-TERM v3.0 Click Next >

The InstallShield(R) Wizard will install S-TERM v3.0 on your
computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

© 2017 ROHM Semiconductor (Thailand) Co., Lt Pichet Sriphomma pichet@es.co.th P. 32
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S-TERM Install

|:——' S-TERM v3.0 - InstallShield Wizard

Customer Information

Click Next >

Please enter your information.

User Name:

3

Organization:

InstallShield

= Back MNext = Cancel
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S-TERM Install

ROHM GROUP

" LAPIS

SEMICONDUCTOR

]

i.:j—' S-TERM v3.0 - InstallShield Wizard

Ready to Install the Program

The wizard is ready to begin installation.

Click Install to begin the installation.

the wizard.

InstallShield

If you want to review or change any of your installation settings, click Back. Click Cancel to exit

< Back

& nstall

Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved
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S-TERM Install

|ﬂ S-TERM v3.0 - InstallShield Wizard

Installing S-TERM v3.0

The program features you selected are being installed.

Please wait while the InstallShield Wizard installs S-TERM v3.0. This may take W .t f I t | I
several minutes. al O r nS a

Status:

Writing system registry values

InstallShield

ji& S-TERM v3.0 - InstallShield Wizard

InstallShield Wizard Completed

Click Finish

The InstallShield Wizard has successfully installed S-TERM v3.0.
Click Finish to exit the wizard.

[] Launch S-TERM v3.0

© 2017 ROHM Semiconductor (Thailand) Co., Lt Pichet Sriphomma pichet@es.co.th P.35
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| Bluetooth Devices

@ S Before launching the program S-TERM.
- . Must connect device.
© Vv ¥  Open Bluetooth & other devices

| : -
ﬁ ﬂ = | + s7% [

A o7 dx ENG 930 E
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S-TERM
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SEMICONDUCTOR

Click Add Bluetooth or other device

Settings

o]

Home

I Find a setting

Devices

| %

=]
0

=]

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

Bluetooth & other devices

Printers & scanners

Mouse

Touchpad

Typing

Pen & Windows Ink

AutoPlay

usB

Bluetooth & other devices

Add Bluetooth or other devi
+
Bluetooth
@ o

Now discoverable as “PICHET"

Mouse, keyboard, & pen
O lenovo USB Optical Mouse

Other devices
m EPSON L1210 Series @ RDServer

Show notifications to connect using Swift Pair

When selected, you can connect to supported Bluetooth devices quickly

when they're close by and in pairing mode.

D Download over metered connections

To help prevent extra charges, keep this off so device software (drivers,

info, and apps) for new devices won't download while you're on
metered Internet connections.

Pichet Sriphomma pichet@es.co.th

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

Turn on Bluetooth even faster

To turn Bluetooth on or off without
opening Settings, open action center
and select the Bluetooth icon.

Related settings

Devices and printers
Sound settings

Display settings

More Bluetooth options

Send or receive files via Bluetooth

Have a question?

Fixing Bluetooth connections
Reinstalling Bluetooth drivers

Sharing files over Bluetooth

@ Gethelp
& Give feedback

P. 37
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S-TERM

Click Bluetooth and select device

Add a device Add a device

Add a device Add a device

Choose the kind of device you want to add. Make sure your device is turned on and discoverable. Select a device below to
connect.

Bluetooth ~
Mice, keyboards, pens, or audio and other kinds of Bluetooth devices E: HEINNZ-ASUS

. Wireless display or dock D Mi Phone

Wireless monitors, TVs, or PCs that use Miracast, or wireless docks

D POCOPHONE
+ Everything else

Xbox controllers with Wireless Adapter, DLNA, and more

E; ES BT003

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet S”phomma pIChet@ eSCOth P.38

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




ROHM GROUP

LAPIS

SEMICONDUCTOR

S-TERM

Wait for connecting..

Add a device Add a device

Add a device

Make sure your device is turned on and discoverable. Select a device below to
connect.

Your device is ready to go!

I:;l ES_BT003

E;l HEINNZ-ASUS Paired

D Mi Phone

POCOPHONE

ES_BT003

Connecting

Cancel
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S-TERM

Show device connected

Settings = X
@ Home Bluetooth & other devices
: R Turn on Bluetooth even faster
Find a setting bl :
| | e Add Bluetooth or other device To turn Bluetooth on or off without
A opening Settings, open action center
el and select the Bluetooth icon.
Bluetooth
I Eg Bluetooth & other devices @ o
Related settings
& Printers & scanners Now discoverable as "PICHET' Devicss and piviters
O Mouse Sound settings
Mouse, keyboard, & pen
Display settings
O Touchpad O lenovo USB Optical Mouse Py 9
More Bluetooth options
Typing

Send or receive files via Bluetooth

P Pon BLWIIOWE Tk Other devices

E EPSON L210 Series @ RDServer )
Have a question?

(®) AutoPlay
Fixing Bluetooth connections
ES_BT003
fi use Paired Reinstalling Bluetooth drivers
Sharing files over Bluetooth

Show notifications to connect using Swift Pair
@ Get help

When selected, you can connect to supported Bluetooth devices quickly
& Give feedback

when they're close by and in pairing mode.

D Download over metered connections
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S-TERM

Open Program S-TERM

[ S-TERM v3.0 - X

File Mode Option

Compott || & Baudrate - [1200 Databt : [8 v Stopbit : [1 , Party : [None ~ en port
F=1

how
View : |Ascii “| Newlineat: [cr | (O Zhomron®

‘ Rx 0| Reset |Tx 0| Reset Send type : |Ascii v SendEnd: [Jcr [JLF []ETX ‘ [ Show macro

For clear console Press key 'Fi1' in console or press button 'Clear console’ >> Clear

Data send : | Send Data

S-TERM v3.0 Disconnected \DCD[UH RX(2) \Tx(a: DTR(4) DSR[E}”RTS[?', |CIS(B) R1(9) | www.silaresearch.com
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S-TERM

= S-TERM v3.0

File Mode Option

Comport : a Baudrate : SeIeCt Comport
Tx: l:l Reset ‘ View : |Asci

5

Console
B S-TERM v3.0
File Mode Option

Comport : |E a Baudrate : |[E lv Databit: |8 | Select BaUd rate .

e I T e B This workshop select 9600.

Rx : |:| Reset

Console

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet S”phomma pIChet@ eSCOth P. 42
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S-TERM

FEH ROHM GROUP
SSSSS ONDUCTOR

Baudrate : Data bit : |8 v Stop bit : II

0 | Reset View : | New line at :

Ascii

Hex
Ascii + Hex

= S-TERM v3.0

. File | Mode Option

|ﬂ Open port F2 |
Close port F3

0| Reset View : |Ascii

Send file F4
B savetofile ctri+s

B Exit Ctrl+End
Console

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

Select view type.
This workshop select Ascii.

Click File and select Open port.

[ Back to
Overview

|

Pichet Sriphomma pichet@es.co.th
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FHH ROHM GROUP
SEMICONDUCTOR

Application

Using the application

Step 1 Connect MCU Board with Bluetooth

¥k ¥ N 0a% @ 1797 L. %0 F N 4% 17:17 w.
€ vaws @ : € uays 9 :
‘e @ e ®
aunsali {owle )

aunsalidueud

‘J:[ ES_BT003 #D ES_BT003 o

% 57:20.DD:93:24:26 S

% 57:20:DD:93:24:26
. HUAWEI Mate 20 neung

. HUAWEI Mate 20 neung
L1 PARISA

L[] PARISA
p < 6E:05:5A:A2:B8:67

%  6E:05:5A:A2:B8:67
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Application

Using the application

Step 2 Open application and click “Bluetooth Check”

M > 40 1 94% @ 17:19 u.

ES

# BLUETOOTH CHECK
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Application

Using the application

Step 3 Choose device and connect

94% 0 17:19 u.

BLUETOOTH CHECK

ES_BT003
A4:CF:12:18:76:66
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Application

Using the application

Step 4 After connected this app Show button to choose

20 F 94% W 17:19 u.

TEMPERATURE: BD1020

AMBIENT LIGHT: BH1680

ACCELEROMETER: KX023

L Back to }
Overview
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SEMICONDUCTOR

SEMICONDUCTOR

LAPIS MCU Workshop Training
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Chapter 1 GPIO

HHHE ROHM GROUP
ccccccccccccc

a-' Open Program LEXIDE-U16

LESOIDNE ALRNS)

When clicked, the following workspace setting dialog box
will be output. Set a path to workspace at [Workspace].
After that Click [Launch].

[ Eclipse Launcher

Select a directory as workspace (
LEXIDE-U16 uses the workspace directory to store its preferences and development artifacts. L
Workspace: | C\Users\pichet\lexide\Code Training Lapis v‘ | Browse... |

[ ] Use this as the default and do not ask again

» Recent Workspaces

Launch Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.51
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The first window after
opening the program

0 e selected
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Chapter 1 GPIO

SiEEint ROHM GROUP
SEMICONDUCTOR

Click the button in the upper right T to display the [Open Perspective]

dialog. Select [C/C++] and Click [OK].

V] ul
File Edit Navig Search Proj LAPI Hel
o~ @~ Qi - Quick Access) | 5 | I
i Project Explorer &2 | =0 =0
Eo/c++
4% Debug
(@ Plannin, g
{HRemote System Explorer
[Z5Resource (default)
&0 Team Synchronizing
S¢ Qutline 2 Lis =0
An outline is not available.
e
£ Tasks 2 LS =g
Oil_ems
' D pt Resource Path Location Typ:
© 2017 ROHM Semicondiuctor (Thaiand) Co, Lid Pichet Sriphomma pichet@es.co.th P. 53
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Chapter 1 GPIO

The Perspective set to [C/ C ++].

1Y Test - LEXIDE-U16

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help
(i | B v @vESvEvGv v ENHEYOvQRy SIS I v {il v >y Quick Access|:| &8 | B [E@

¢ Project Explorer 5 B®|s T=0 = O % Outline 3 [ Tash gets = O

An outline is not available.

2! Problems 22 ks € | i Pl v u]
0items
Description Resource Path Location Type
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Import Project

[V Test - LEXIDE-U16

File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help nght-CIICk on prOJeCt Explorer
ORI B8 - @ i@ B E i HETNi % O~ Q] and select Import.

25 Project Explorer 2 =

New >

Import...
Export...

Refresh F5

L. &

L‘;
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Chapter 1 GPIO

Import Project

Select General and choose

Select \g . g . .
Create new projects from an archive file or directory. H EXIStI ng PrOJeCtS Into
Workspace. Click Next.

» Import

Select an import wizard:

type filter text

~ [= General -~

& Archive File
=% Existing Projects into Workspace-
4 File System
1 Preferences
3 Projects from Folder or Archive

= CfC++

= Install

= LAPIS W

@ < Back Finish Cancel
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Import Project

[ Import

LEXIDE up the new window.
Click Browse.. at Select root directory.

Import Projects —
17 n” ;
Select a directory to search for existing Eclipse projects. Choose Cha pter 1 GPIO In
@ Select root directory: ~ | | Browse... FO | d e r W I n d OW .
(O Select archive file: Browse...
Projects: Browse For Folder
Select All Select root directory of the projects to import
Deselect All
Refresh T m= Contacts ~
I Desktop
Iﬂ Documents
¥ Downloads
, Favorites
v lexide
Options v Code Training Lapis
[] Search for nested projects ‘metadata
["] Copy projects into workspace v Chapter 1 GPIO
[[] Hide projects that already exist in the workspace [ settings
5 Debug
Working sets 1 .
i source files
[[]Add project to working sets New... Chapter 2 UART
Working sets: Select.. 1 Chapter 3 ADC
Chapter 4 12C
. W
I
Eolder: Chapter 1 GPIO
@ < Back Next = Finish Cancel Make New Folder Cancel
T
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Import Project

b Import
Import Projects B
Select a directory to search for existing Eclipse projects. A
(@ Select root directory: | C\Users\pichet\lexide\Code Training Lapis\Chapte V| Browse...
(O Select archive file: Browse...
Projects:
Chapter 1 GPIO (C\Users\pichet\lexide\Code Training Lapis\Chapter 1 GP| Select All
Deselect All
Refresh
< >
Options
[]Search for nested projects
[] Copy projects into workspace
[[]Hide projects that already exist in the workspace
Working sets
[[] Add project to working sets New...
Working sets: Select...
® < Back Next > Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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After choosing Project Click Finish.
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Import Project

Then appear the project on

[V Test - LEXIDE-U16
File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help Project Explorer.
Tl B R v @ viBini@ @y Ev @i E A0
& Project Explorer &3 - g
ES|e ~

~ 15 Chapter 1 GPIO

wil Includes

= Debug

= source files

(5] ML621367.A5M ‘

Pichet Sriphomma pichet@es.co.th P. 59
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Check Device

|'Y code Training Lapis - LEXIDE-U16

File Edit Source Refactor
Anilh | ® > &~ @

5 Project Explorer 2
~ 1% Chapter 1 G

& Includes
= Debug

~ = source fil

[ BlinkLE

[A BlinkLE

idl irq_ter
[ irg.h

[€ main.c

[H rdwr_n

[ reset_c

[2 reset.c

[H reseth

[H sysdefi

[H SysFlag

[g time_d

[H time_d

[€ timer0

CE

[B Timer( &

[€ VIS.c
[H VLS.h
wdt.c
[8 wdth
[S MLB62136

E&|le v=0O

MNew
Go Into

Open in New Window
Show in Local Terminal
Copy

Paste

Delete

Remove from Context
Source

Mave...

Rename...

Import...

Export...

Clean and Build Project
Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets
Index

Show in Remote Systems view
Run As

Debug As

Profile As

Team

Compare With

Restare from Local History...
Run C/C++ Code Analysis
Configure

Properties

Navigate Search Project Run LAPIS Window Hel
EraE v~ -0~ QR~i®O S

Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down

F2

F5

> plo

(=]
= m

v
=

et:

Alt+Enter

TSy To-buTTo-TITrsen. (1

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Right-click on a project folder
and select [Properties] .
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Chapter 1 GPIO

Select Device

D Properties for Chapter 1 GPIO

type filter text LEXIDE-U16 Settings Grors
Resource .
Choose LEXIDE-U16 Settings
~ C/C++ Build Category: | ML62Q1000 ~
Build Variables Groors ML62Q1300 -
Environment
Logaing LSl: ML621367 ~
Settings Toolchain

Tool Chain Editor
C/C++ General
LEXIDE-U16 Settings Version: (M2.01.00
Project References
Run/Debug Settings
Task Repository
WikiText

Always use the latest Toolchain

Restore Defaults Apply

® Apply and Close Cancel
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Build Project

|V code Training Lapis - LEXIDE-U16

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help
Y- | B> R vBiE-E [y @r O rQuvi®SE & v
[£5 Project Explorer 2 B%|s =0
w % Chapter 1 =M
& Include Rl ’
= Debug Go Into
(= source Open in New Window
8 ML621; Show in Local Terminal 2
E Copy Ctrl+C
Paste Ctrl+V
Delete Delete
Remove from Context Ctrl+Alt+Shift+Down
Source >
Mave...
Rename... F2

Import...
Export...

GE

Clean and Build Project

Build Project

Clean Project

Refresh F5
Close Project

Close Unrelated Projects

Build Configurations >
Build Targets >
Index >

Show in Remote Systems view
Run As

Debug As

Profile As

Team

S I,

Compare With

Restore from Local History... an
#* Run C/C++ Code Analysis

Configure >

Properties Alt+Enter

Right-click on a project folder
and select [Build Project] to
start the build process.
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Chapter 1 GPIO

Build Project

| 'Y Code Training Lapis - LEXIDE-U16

File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help

e eSS S When the build succeeds

It Project Explorer Kl v=0O . .
« 45 Chapter 1 GPIO , dn ABS file is generated.
ki Includes
~ (= Debug
= source files
= Chapter 1 GPIO.abs
=l Chapter 1 GPIO.map
& makefile
ML621367.0bj
= ML621367.prn
|» objects.mk
|® sources.mk
L subdir.mk
= source files
[S ML621367.ASM

Problems Tasks & Console = Properties
CDT Build Console [Chapter 1 GPIO]

Allocating segments...
Writing fixed data...

Absfile: Chapter 1 GPIO.abs
Mapfile: Chapter 1 GPIO.map

Total ROM usage = 9O7F2 (2034)
Total RAM usage = 80416  (1046)

Linkage completed.
'Finished building target: Chapter 1 GPIO.abs”

16:38:25 Build Finished (took 2s.694ms)
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—_____Initial MCU_
( Start ) System Clock » TimerQ_Interrupt
v E v E v
Initial MCU g Initial Port | Scantime = 1
v | v |
iti . | Initial Timer0 [—
Initial LED . 1 Countto5999
Display Delay
Delay Time_Count ++
Scantime = 0
v v Time_Count
Display ——»! LEDon L >=400 i
| N o |
v L Time_Count =0 !
| LEDoff TimerLED=0 | | ! TimerLED = 1 |
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INTRODUCTION : LAPIS ML62Q1367

CPU

- 16-bit RISC CPU (CPU name: nX-U16/100)

- Instruction system: 16-bit length instruction

- On-chip debug function built-in (supported by LAPIS on-chip debug emulator EASE1000)
- ISP (In-System Programming) function built-in

Operating voltage and temperature

- Operating voltage: VDD =1.6t0 5.5V

- Operating temperature: -40 to +105 °C

Clock Generation Circuit

Low-speed clock

Internal low-speed RC oscillation: Approx.32.768 kHz
High-speed clock

PLL oscillation: 24MHz/16MHz is selectable by code option

© 2017 ROHM Semiconductor (Thailand) Co., Lt Pichet Sriphomma pichet@es.co.th P. 65
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Table 1-1 ML62Q1300 Group Product List

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Sealicti Data Data 16pin 20pin 24pin 32pin
memory memory - SSOP16 TSSOP20 WQFN24 TQFP32
WQFN16 WQFN32
64Kbyte - - ML62Q1347 | ML62Q1367
48Kbyte 4Kbyte — — ML62Q1346 | ML62Q1366
32Kbyte 2Kbyte - — ML62Q1345 | ML62Q1365
32Kbyte ML62Q1325 | ML62Q1335 - -
24Kbyte 2Kbyte ML62Q1324 | ML62Q1334 - —
16Kbyte ML62Q1323 | ML62Q1333 — -
Pichet Sriphomma pichet@es.co.th
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Table 1-4 Main Function List

Pin Interrupt Timer Serial Analog
mn
=
&
I_ —
o 3 g
g— C - wm
< P O §
= 31328 >
Part number K -~ |9 || ” |G 5
Py - 2 lo|5| |3 3
® | 2| m = || | % > | @
8 s 3|8 || @|5|2|8|3|5|8|¢8
- 8l 2| 3|5 3 3 | = | ® o | 3| =
By = p— [} = 0] 3 = _— 2 (] o Q
- - 22| 2|5/ 2|2|8 5|9|g|%|>
83| o | 2|3 |38| 3 |2|g|g|8|2 |88
° | B | 3 s |2 | 3 || 3 |e|a|2 |2 |8 |=]|32
2133 |<s|s|w|8|53| 2 |2|2 8|8 |s|3|%
8/8|8|o0|S|¢&|-|a| X |g|8|S|8 8|2 |8
c c 5 a — — — — — — | = —
7|7/ 2|8 8|58 |8|8 3 |2|2|2 8|5 3|2
MLE2Q1323
MLE2Q1324 16 12 | 11 6
ML62Q1325
ML62Q1333 23 4 0
ML62Q1334 20 16 | 15
MLB2Q1335
ML62Q1345 3 1 8 4 2 1 1 1 2
MLE2Q1346 24 20 | 19 8
ML62Q1347
ML62Q1365 25 6 1
ML62Q11366 32 28 | 27
ML62Q1367
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Table 6-1 Clocks generated by the clock generation circuit

Clock Name Symbol Description

Low-speed clock LSCLK Low speed clock for peripherals (32.768kHz) r

Simplified RTC clock™' RTCCLK Low speed clock for the simplified RTC (32.768kHz)

High-speed clock HSCLK High speed clock for peripherals (Max. 24MHz)
CPU operating clock (32.768kHz or Max. 24MHz)

System clock SYSTEMCLK The maximum frequency depends on the CPU operation mode(See
Table 6-2)

Low-speed output clock OUTLSCLK Low speed output from a general port (32.768kHz)

High-speed output clock OUTHSCLK High speed output from an general port (Max. 12MHz)

WDT clock WDTCLK Clock for the watch dog timer (1.024kHz)

*! Available on the ML62Q1500 and ML62Q1700 group
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Code option
RC1K Approx.1kHz Jz
Low-speed oscillation WDTCLK
crystar i J Divider | APProx.1.024kH
oscillation/ | | Low-speed
External clock : oscillation
= ; circuit CBUINT*2
XT0 '3
1 : Approx.32.768kHz RTCCLK
XT1 ']
! Lsre Approx.32.768kHz > LSCLK
- OUTLSCLK
High-speed — SYSTEMCLK
oscillation 131\.43?52 — J
circuit - - &
TfT
| == - Divider +— OUTHSCLK
Code option 11 -1/32 £
I 16M/24MHz |
- == HSCLK
| FHWUPT || LRCADJ | FHckmoD || FcoN
Y, 7 — _i —
. L4 Data bus
HSCLK HSCLK Clock
Wake-up time Mode Reg. Control Reg.
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OH

Program
code area

CPU operation mode

‘ PLL oscillation frequency |

| wDTclock |

‘ Others |

Code option setting circuit

No-wait mode
PLL=16MHz
WDT=Low-speed
RC oscillation

Code option area
64 bytes

ML62Q1300 group

>

and etc.

>

Peripheral
circuits,
control circuits

Updated at power-on detection reset,

or any other system reset

Program Address
Product name memory space Code Option area

size CODEOP2 | CODEOP1 CODEOPO

ML62Q1323/1333 16K byte 0x0:3FCO0 to Ox0:3FFF 0x0:3FD4 0x0:3FD2 0x0:3FDO

ML62Q1324/1334 24K byte 0x0:5FCO0 to 0x0:5FFF 0x0:5FD4 0x0:5FD2 0x0:5FDO

ML62Q1325/1335/1345 32K byte 0x0:7FCO to Ox0:7FFF 0x0:7FD4 0x0:7FD2 0x0:7FDO
/1365

ML62Q1346/1366 _ 48K byte | 0x0:BFCO to 0x0:BFFF 0x0:BFD4 0x0:BFD2 0x0:BFDO

| ML62Q1347/1367 64K byte 0x0:FFCO to Ox0:FFFF 0x0:FFD4 0x0:FFD2 0x0:FFDO

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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26.2.1 Code Options 0 (CODEOPO)

This 1s the symbol assigned to address in the code option area of the program memory space (different from the special
function registers (SFR)).

Address: (See Table 26-1)

Access: R/W

Access size: 16 bits

Initial value: OxFFFF (factory default setting for products with blank flash memory)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Word CODEOPO

Byte - _

Bit i ) _ |PCER| ) _ |REMA| i i i _ |WDTN | WDTS|WDTM
' MD PMD MCK | PMD | D

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
\ J
|
WDT
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth
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Bit No. Bit symbol -
Description
name
15t0 13 - Reserved bhits
12 PCERMD This bit is used to choose to enable/disable the unused ROM area access reset.

See Chapter 29.3.2 "Unused ROM Area Access Reset Function" for the unused ROM
area access reset.

0: Unused ROM area access reset disabled

1:  Unused ROM area access reset enabled (initial value)

11to9 - Reserved bits
8 REMAPMD This bit is used to choose to enable/disable the remapping function (software remap or
hardware remap) operation.
See Chapter 2.7 "Remapping Function" for details of the remapping function.
0: Remapping function operation enabled
1:  Remapping function operation disabled (initial value)

8 REMAPMD This bit is used to choose to enable/disable the remapping function (software remap or
hardware remap) operation.
See Chapter 2.7 "Remapping Function" for details of the remapping function.
0: Remapping function operation enabled
1. Remapping function operation disabled (initial value)

7103 - Reserved bits
2 WDTNMCK This bit is used to choose the watchdog timer (WDT) operation clock.
‘ 0: Clock with divided frequency (1.024 kHz) of low-speed oscillation clock (32.768
kHz)

1:  Watchdog timer RC1K oscillation clock (initial value)
See Chapter 10 "Watchdog Timer" for details of the watchdog timer.

1 - WDTSPMD Set this bit to "0".
0

WDTMD This bit is used to choose to enable/disable the watchdog timer (WDT) operation.
0: WDT operation disabled
1:  WDT operation enabled (initial value)

Pichet Sriphomma pichet@es.co.th P. 74
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26.2.2 Code Options 1 (CODEOP1)

This 1s the symbol assigned to address 1 the code option area of the program memory space (different from the special
function registers (SFR)).

Address: (See Table 26-1)

Access: RW

Access size: 16 bits

Initial value: OxFFFF (factory default setting for products with blank flash memory)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word CODEOP1
byte - -
Bit - . - - - _ _ _ _ } _ _ |PLLMD|PLLMD|CPUM | CPUM
1 0 D1 DO

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
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3,2 PLLMD1, These bits are used to choose the PLL reference frequency.
PLLMDO 00: Do not use
01: Do not use
‘10: PLL reference frequency=24 MHz
11: PLL reference frequency=16 MHz (initial value)
The following table shows the relation between the PLL reference frequency and the
maximum operating frequency of CPU and peripheral circuits.

PLL Maximum operating frequency
reference
frequency | Peripheral circuit CPU (wait mode) CPU (no-wait mode)
24MHz 24MHz 24MHz 6MHz
16MHz 16MHz 16MHz 8MHz

See Chapter 2 "CPU and Memory Space" and Appendix C "Instruction Execution Cycle" for
the CPU operation modes (wait mode and no-wait mode).

1,0 CPUMD1, These bits are used to choose the CPU operation mode.
CPUMDO 00: Prohibited to use (wait mode)
01: Wait mode

10: Prohibited to use (no-wait mode)
11: No-wait mode (initial value)
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cseg #0

at @ffcoh

s | CODEOP1 | CODEOPO
. @ffceh

dw
dw
dw
dw
dw
dw
dw
dw

cseg #0
dw

cseg #0
dw
dw
dw
dw
dw
dw
dw

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

offffh
offffh
offffh
offffh
offffh
offffh
offffh
offffh

at offdeh
@fffoh

at @ffd2h
offfoh
offfh
offffh
offffh
offffh
offffh
offffh

fe fme hwe s e hme s hee

e Address FFD2 FFDO

@ffceh
effcsh Value FFF9 FFF9
@ffcah
@ffcch
@ffceh

address
@ffdoh ;Disable WDT in STOP mode

address
@ffdzh ;PLL=24 MHz and CPU wait mode
effdah
affdeh
effdsh
@ffdah
@ffdch
@ffdeh

Back to Clock
Generation Circuit
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Clock Generation Circuit (main.c)
6.2.4 Clock Control Register (FCON)

FCON 1s a specific function register (SFR) to control the clock generation circuit and choose the system clock.

void InitSystemClock(void) Address: 0xFO0G
{ Access, R
. d int i- Access size: & bils
unsigned int 1, Initial value; 0x00
ENOSC = @; -ble the high sp¢ 15 14 13 12 11 10 g 8 7 5 5 4 3 2 1 0
Word -
ff-—--—-——————— . Byte FCON
Set VLS _Startup(); , ENO | SELS
Bit - - - - - - - - |LPLL| - - - - - se | o
HOSCM@ = O- RV R R R R R R R R R R R R R R RW R
3
SYSC2=0;5Y5C1=0;5Y5Ce=0; Initial
0UTC2=1;0UTC1=0;0UTCO=0; vae (&0 00 ooo@e 0000000080
FHUT@=0;
: BitNo.  Bit symbol Description
ENOSC = 1; // Enable the high speed os c name P
i = 208; // Wait for 0SC. is stable. 1508 - Resenved bit
while(--1i) 7 LPLL Thigs bit indicates that the frequency of the PLL oscillation is within the target error. The
wdt_clear(); LFLL has the read-only attribute.
- ’ 0:  The frequency of PLL oscillation is out of the target error or the PLL oscillation is
stopped (Initial value)
SELSCLK = 1: System Clock = HSCLK : e frequency o oscillation is within the target error
; ¥ lock 1 Thef f PLL oscillation is within the target
asm(“nog“); 6102 - Reserved bit
_asm( "non" ) . 1 ENQSC This bit is used to enable/start or disable/stop the oscillation of the high-speed clock
— “MM'Q*“ ’ oscillation circuit.
__asm( nop )5 0: Disable/Stop the high-speed clock oscillation (Initial value)
__asm("nop"); 1. Enable/Star the high-speed clock oscillation (Initial value)
} i} SELSCLK This bit is used to choose the system clock.
When the high-speed generation circuit is stopped (ENOSC bit = "0"), the SELSCLK bit is
fixed to "0 and the low-speed clock (LSCLK) is chosen for the system clock.
0:  LSCLK (Initial value)
1:  High-speed clock chosen by the SYSC2 to SYSC0 bit
Pichet Sriphomma pichet@es.co.th P.78
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6.2.2 High-Speed Clock Mode Register (FHCKMOD)

FHCKMOD is a specific function register (SFR) to choose the oscillation mode of the high-speed clock oscillation
circuit (PLL oscillation circuit) and the frequency of high-speed clock.

void InitSystemClock(void)

{

unsigned int i;

ENOSC = @; // Disable the high

Set VLS Startup();

HOSCM@ = 0;
SYSC2=0;SYSC1=0;SYSCe=0;
0UTC2=1;0UTC1=0;0UTCO=0;
FHUT@=0;

T

// Enable the high speed os
J// Wait for 05C. 1s stable.

ENOSC = 1;

i = 200;

while(--1i)
wdt_clear();

SELSCLK = 1;

__asm("nop");
—asm("nop");
—asm("nop™);
_asm("nop");

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Address: 0xF002(FHCKMODL/FHCKMOD), 0xF003(FHCKMODH)
Access: R/W
Access size: 8/16bit
Initial value: 0x4400
15 14 13 12 1 10 9 8 7 4 3 0
Word FHCKMOD
Byte FHCKMODH FHCKMODL
Bit OUT | OUT | OUT sSyYsc|sysc|sysc HOS
: - cz | ¢c1 | co - 2 1 0 - - - CcMO
R/W R RW RW RMW R RW RW RMW R R R R/W
Initial
0 1 0 0 0 1 0 0 0 0 0 0
value
7to1 - Reserved bit
0 HOSCMO This bit is used to choose the oscillation mode of the high-speed oscillation circuit (PLL

oscillation mode)
0: PLL oscillation mode (Initial value)
1: Do not use (PLL oscillation mode)

// System Clock = HSCLK by the SYSC2 to SYSC@ bit
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10to 8 SYSC2to These bits are used to choose a division ratio of the frequency of the high-speed of the
SYSCO high-speed clock used for the system clock (SYSTEMCLK). At the system reset, 1/16
HSCLK is chosen.

void InitSystemClock(void) Choose a proper division ratio of the frequency, so that the frequency does not exceed the
{ maximum frequency of the CPU operating frequency shown in the Table 6-2 "CPU

unsigned int i; operation mode and PLL oscillation reference frequency"”.

_ o . . 000:  HSCLK (in Wait mode)
ENOSC = 8 // Disable the high ‘ 1/2 HSCLK *' (in No wait mode)
001: 1/2 HSCLK (in Wait mode)
T 1/2 HSCLK *' (in No wait mode)
Set VLS _Startup(); 010:  1/4HSCLK

011: 1/8 HSCLK
100: 1/16 HSCLK (Initial value)

HOSCMe = @; 101: 1/32 HSCLK
SYSC2=0;5Y5C1=0;5Y5Ce=0; 110: Do not use (1/32 HSCLK)
0UTC2=1;0UTC1=0;0UTCe=0; 111: Do not use (1/32 HSCLK)
FHUT@=0; 1 )
*"2When the PLL reference frequency is 24MHz, do not use the 1/2 HSCLK.
ENOSC = 1; // Enable the high speec 14to ouTC2 to These bits are used to choose a division ratio of the frequency of the high-speed output
i = 200- // Wait for 0SC. is stat 12 ouTCOo clock (OQUTHSCLK) output from the general port. At the system reset, 1/16 HSCLK is
. ., : chosen.

while(--1) 000: Do not use(HSCLK)

wdt_clear(); 001:  1/2 HSCLK

010:  1/4 HSCLK
SELSCLK = 1; /[ System Clock = HE¢ 011: 1/8 HSCLK
_asm("nop"); 100:  1/16 HSCLK (Initial value)
" wy L 101:  1/32 HSCLK
asm( "no ;
_asmE --EE;E-- i - 110: Do not use (1/32 HSCLK)
- ..M‘WQ‘.. ’ 111: Do not use (1/32 HSCLK)
__asm("nop");
¥
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6.2.5 High-Speed Clock Wake-up Time Setting Register (FHWUPT)

FHWUPT is a specific function register (SFR) to choose the wake-up time of the high-speed clock.

FHWUPT 1s writable only when the high-speed oscillation 1s stopped.

The bit symbol "rsvd" indicates the reserved bit, always write "0" to them.

See Table 4-5 "Wake-up Time from Standby Mode" in the Chapter 4 for details about the wake-up time from the standby

void InitSystemClock(void)

{
unsigned int i;
ENOSC = @; // Disable the high s
[ mm e
Set VLS _Startup();
HOSCM@ = @;
SYSC2=0;5YSC1=0;5Y5C0=0;
0UTC2=1;0UTC1=-0;0UTCO=0;
FHUT@=0;
ENOSC = 1; // Enable the high speed
i = 208; J/ Wait for 05C. 1s stabl..
while(--1i)
wdt_clear();
SELSCLK = 1; [/ System Clock = HSCLK b
__asm("nop");
_asm("nop”);
_asm(llmll);
__asm("nop");
}

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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modes.

Address: 0xF008 (FHWUPT)

Access: RW

Access size: 8 bits

Initial value: 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - FHWUPT
Bit - - - - - - - - - - - - - rsvd | rsvd FHOUT

R/W R R R R R R R R R R R R R RW RW RW

Initial 0 ©o o o o o o 0 0o 0 0 o 0 0 0

value

0 FHUTO This bit is used to choose the wake-up time of the high-speed clock.
Two options are chosen. One is to supply the frequency-stable clock after enabling the
high-speed oscillation. The other one is to supply clock before the frequency gets stable.
In the case this bit is set to "1", the clock starts to be supplied approx. 30us after enabling
the high-speed oscillation. Then, the frequency of the clock is gradually getting higher and
reaches to the target frequency in approx. 2ms.
The frequency in the approx.2ms is not guaranteed as the specification, however it is
useable for the system clock.
0. The clock starts to be supplied after it's stabilized: approx. 2.5 ms (initial value)
1:  The clock starts to be supplied before it's stabilized: approx. 30 ps
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6.2.4 Clock Control Register (FCON)

FCON 1s a specific function register (SFR) to control the clock generation circuit and choose the system clock.

void InitSystemClock(void) Address: 0xFO0G
{ ALCBSS! R
. d int i- Access size: & bils
unsigned int 1, Initial value: Dx00
ENOSC = 9; // Disable the high sps 15 14 13 12 1 10 g a 7 5 5 4 3 2 1 0
Word -
- Byte FCON
Set VLS _Startup(); ait ] i i . i i i e | i i i i ESNC.O E‘.:ELI;;_-‘.
HOSCM@ = O- RAW R R R R R R R R R R R R R R RW RW
SYSC2=0;S5YSC1=0;5Y5Ce=0; Initial
0UTC2-1;0UTC1-8;0UTCO=0; vae ¢ 0 0 0 0 0o @ 0o @ ©o o0 © 0o 0°0 0 0
FHUT@=0;
: BitNo,  Bitsymbol Description
ENOSC = 1; // e high speed os : name v
i = 208; J/ Weit for 0SC. is stable. 1508 - Resenved bit
while(--1i) 7 LPLL This bit indicates that the frequency of the PLL oscillation is within the target error. The
LFLL has the read-only attribute.

wdt_clear();

SELSCLK = 1; [/ System Clock = HSCLE

0:  The frequency of PLL oscillation is out of the target error or the PLL oscillation is
stopped (Initial value)
1°  The frequency of PLL oscillation is within the target error

_asm( “D\‘QVQ‘“ ) ; 6102 - Reserved bit
asm( "!19,[%1" ) . 1 ENQSC This bit is used to enable/start or disable/stop the oscillation of the high-speed clock
— " wi’ oscillation circuit.
__asm( nop )5 ‘ 0: Disable/Stop the high-speed clock oscillation (Initial value)
__asm("nop"); 1. Enable/Star the high-speed clock oscillation (Initial value)
} i} SELSCLK This bit is used to choose the system clock.
When the high-speed generation circuit is stopped (ENOSC bit = "0"), the SELSCLK bit is
fixed to "0 and the low-speed clock (LSCLK) is chosen for the system clock.
0:  LSCLK (Initial value)
1:  High-speed clock chosen by the SYSC2 to SYSC0 bit
Pichet Sriphomma pichet@es.co.th P. 82
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6.2.4 Clock Control Register (FCON)
void InitSystemClock(void) FCON is a specific function register (SFR) to control the clock generation circuit and choose the system clock.
{ . . . Address: 0xF006
unsigned int 1; Access: RIW
Access size: 8 bits
ENOSC = 9; // Disable the high Initial value: 0x00
S 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Set VLS Startup(); Word -
Byte - FCON
. ENO | SELS
HOSCMe - o; Bit - - - . - - - - |LPLL| - - - - - 5o | CLK

SYSC2=0;SYSC1=0;SYSCe=0;

0UTC2=1;0UTC1-0;0UTCe=0; RW R R

R R R R R R R R R R R R RW  RW

0 0 0 0 0 0 0 0 0 0 0 0 0 0

FHUT@=0; Initial 5
value

I_ENDSC =1; // Em?ble the hlgl'ﬁ speed ¢ 0 SELSCLK

i = 208; J/ Wait for 05C. 1s stable

while(--1i)

wdt_clear();

This bit is used to choose the system clock.
When the high-speed generation circuit is stopped (ENOSC bit = "0"), the SELSCLK bit is
fixed to "0" and the low-speed clock (LSCLK) is chosen for the system clock.

0: LSCLK (Initial value)

1:  High-speed clock chosen by the SYSC2 to SYSCO bit

SELSCLK = 1;-5tem Clock = HSCLK by the SYSC2 to SYSC@ bit

__asm("nop");
—asm("nop");
—asm("nop™);
_asm("nop");

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Timer 16-Bit

SYSTEMCLK ]
LscLk —™ Timer clock
HSCLK ——
Interrupt
o control TMNINT
THnes l Timer control o
TMHMD ‘ : 16-bit Timer n
choose the Count clock TMHSTRITMHSTP | DMA request
timer clock : TMHSTAT
Division r Port output
) Circuit control —@TMHHOUT
Y
_fr_equen Cy [THOV2-0 1T _
dividing ratio — | Dataregister (TMHND)
Rising edge
7| detection ‘
(ompare » TMHNTRG
EX10 ©— External |EXTRGO '
interrupt EXTRG1
EXT1 {:}— IunclioFrZ 16-bit counter (TMHNC)
THREXS
choose the
count clock
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Timer 16-Bit

TMHnN C register

A value
TMHnRD < Tm >
Register
value
TMHNSTAT
TMHn Interrupt —I —I
HiZ
TMHNOUT =27 | itial value Initial value
A A A : A A
Enable Port Start r\ The count Stop Clear
Output timer value timer ~ TMHNC
matches
Figure 8-3 Repeat Mode Operation Timing in 16-Bit Timer Mode
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Timer 16-Bit

TMHn Interrupt Frequency =4 kHz = 0.25 mS

HSCLK
TMHn Interrupt Frequency =
TMHOD+1
4 kHz = 24 MHz/TMHOD + 1
TMHOD = 5999
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. Pichet Sriphomma piChet@eS-CO-th P.87

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




ROHM GROUP

LAPIS

SEMICONDUCTOR

Chapter 1 GPIO

In Itl al TI mer 16_B It 8.2.4 16-Bit Timer n Mode Register (TMHNMOD: n=0to 7)

TMHnMOD (n =0 to 7) is a specific function register (SFR) to control the operation mode of 16-bit timer.

(t imer O C) Address: 0xF320(TMHOMODL/TMHOMOD), 0xF321(TMHOMODH),
. 0xF322(TMH1MODL/TMH1MOD), 0xF323(TMH1MODH),
0xF324(TMH2MODL/TMH2MOD), 0xF325(TMH2MODH),

0xF326(TMH3MODL/TMH3MOD), 0xF327(TMH3MODH),

THeCS=1; OxF328(TMH4MODL/TMH4MOD), 0xF329(TMH4MODH),
THOEX=0: OxF32A(TMH5MODL/TMH5MOD), OxF32B(TMH5EMODH),

OxF32C(TMHBMODL/TMHBMOD), 0xF32D(TMHEMODH),
OxF32E(TMH7MODL/TMH7MOD), 0xF32F(TMH7MODH)

Access: RW
THe EJ(S:B,' Access size: 8/16 bit
THODIV2=0; THODIV1=0; THeDIVe=0; Initial value: - 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
THeEBM = @; Word TMHRMOD
THROST = @; Byte TMHRMODH TMHRMODL
THONEG = @; s |- | - ) ) | THn | THn | THn | [ THn | THn | THn | THn | THn | | THn
' NEG | OST | 8BM DIV2 | DIVl | DIVO | EXS | EX cs
TMHED = 5999- RW R R R R R RW RW RW R RW RW RW RW RW R RW
= 3 -
Inital 0 0o o0 0 o 0o o 0o o 0 0 0o o 0 0
i i value
ETM® = 1; S/ Timer @ interrupt eni s e THnCS B
. . clock chosen by the THn it.
THBRUN = 1; J// Start Counting ] - Reserved bi
0 THnCS This bit is used to choose the timer clock of the 16-bit timer n.
0: LSCLK (initial value)
Q 1: HSCLK
2 THnEX This bit is used to choose the count clock (THNCK) of the 16-bit timer n.
0: The timer is counted by the clock chosen by the THnCS bit and divided by the ratio
chosen by the THnDIV2 to 0 bit. (initial value)
1: The timer is counted by the rising edge of the external trigger signal detected by the
© 2017 ROHM Semiconductor (Thaland) Co.,Lid Pichet Sriphomma pichet@es.co.th P. 88
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Timer 16-Bit
(timer0.c)

THBCS=1;
THEEX=0;

THOEXS=0;
THeDIV2=0;THeDIV1=0; THeDIVe=0,

THesSBM = 0;
THeOST = 0;
THeNEG = ©;

TMHED = 5999;

ETM® = 1; Jf Timer 8 inte
THBRUN = 1; /i Start Counti

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

6to4d

THNDIV2 to

THnDIVO

These bits are used to choose frequency dividing ratio for the count clock in the 16-bit timer
n.

000: No dividing (initial value)

001: 1/2 of the timer clock

010: 1/4 of the timer clock

011: 1/8 of the timer clock

100: 1/16 of the timer clock

101: 1/32 of the timer clock

110: 1/64 of the timer clock

111: 1/128 of the timer clock

THnEXS

This bit is used to choose the external trigger supplied as the count clock of the 16-bit timer n.
0: EXTRGO (initial value)
1. EXTRG1

10

THNNEG

This bit is used to choose the output polarity of timer out (TMHNOUT).
0: Positive logic (initial level is "L") (initial value)
1:  Negative logic (initial level is "H")

THNOST

This bit is used to choose the operation mode of the 16-bit timer n.
0: Repeat timer mode (initial value)
1:  One-shot timer mode

8

THn8BM

This bit is used to choose whether the timer works as one 16-bit timer or two channels of 8-bit
timer.

0:  16-bit timer mode (initial value)

1:  8-bit timer mode
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Timer 16-Bit
(timer0.c)

THBCS=1;
THEEX=0;

THOEXS=0;
THeDIV2=0;THeDIV1=0; THeDIVe=0,

THesSBM = 0;
THeOST = 0;
THeNEG = ©;

TMHBD = 5999; -

ETM® = 1; Jf Timer @ int
THBRUN = 1; /{ Start Count

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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8.2.2 16-Bit Timer n Data Register (TMHnD: n=0to 7)

TMHuD (n =0 to 7) is a specific function register (SFR) to set the comparison value with the 16-bit timer n counter
register (TMHnC).
In the 8-bit timer mode, TMHNDL (n = 0 to §) is compared to TMHnCL (n = 0 to 5) and TMHnDH (n =0 to 5) is

compared to

TMHNCH (n = 0 to 5).

Address: 0xF300(TMHODL/TMHOD), 0xF301(TMHODH), 0xF302(TMH1DL/TMH1D), 0xF303(TMH1DH)
OxF304(TMH2DL/TMH2D), 0xF305(TMH2DH), OxF306(TMH3DL/TMH3D), 0xF307(TMH3DH)
0xF308(TMH4DL/TMH4D), 0xF309(TMH4DH), 0xF30A(TMH5DL/TMHSD), 0xF30B(TMH5DH)
0OxF30C(TMHEDL/TMHED), 0xF30D(TMHEDH), 0xF30E(TMH7DL/TMH7D), 0xF30F(TMH7DH)

Access. R

Access size: 8/16 bit

Initial value: OxFFFF

15 14 13 12 1 10 9 8 7 5] 5 4 3 2 1 0
Word TMHND
Byte TMHNnDH TMHNRDL
Bit THND | THND | THND | THND | THND | THND | THND | THND | THND | THND | THND | THND | THND | THND | THnD | THnD
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 1
value

Pic

1 1 1 1 1 1 1 1 1 1 1 1 1 1

het Sriphomma pichet@es.co.th
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Timer 16-Bit 5.2.3 Interrupt Enable Register 23 (IE23)

(timer0.c)

THBCS=1;
THEEX=0;

THOEXS=0;
THeDIV2=0;THeDIV1=0; THeDIVe=0,

THesSBM = 0;
THeOST = 0;
THeNEG = ©;

TMHED = 5999;

ETME = 1; -Timer“ 0 inte
THBRUN = 1; /i Start Count:

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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1E23 is a specific function register (SFR) to enable or disable the interrupt for each interrupt request.

The bits are unwriteable when the products do not have the peripheral circuits and they return "0" for reading.

After the interrupt is accepted, the master interrupt enable flag (MIE) of the CPU is reset to "0", however, the applicable
each flag of IE01 is not reset and remains "1".

Address: 0xF022 (IE2/IE23), 0xFO23(IE3)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word IE23
Byte IE3 IE2
. EFTM | EFTM | EI2C | EI2C EEXT ESIU | ESIU | EMC | EDM
Bit ETM1 | ETMO 1 0 M1 MO - X - ESAD - 01 00 s A ECBU
rRW RW RW RW RW RW RW R RW R RW R RW RW RW RW RW
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
14 ETMO This bit controls to enable or disable the 16bit Timer 0 interrupt (TMOINT).

0: Disable the interrupt (initial value)

Q 1. Enable the interrupt
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Timer 16-Bit
(timer0.c)

THBCS=1;
THEEX=0;

THOEXS=0;
THeDIV2=0;THeDIV1=0; THeDIVe=0,

THesSBM = 0;
THeOST = 0;
THeNEG = ©;

TMHED = 5999;

8.2.7 16-Bit Timer Start Register (TMHSTR)

TMHSTR is a specific function register (SFR) to control to start counting the 16-bit timer n.

TMHSTRL is used in the 16-bit timer mode.

TMHSTRH is used to start counting the upper side 8bit counter in the 8-bit timer mode.
TMHSTRL is used to start counting the lower side 8bit counter in the 8-bit timer mode.
TMHSTR is a write-only register and returns always "0x0000"for reading.

ETM® = 1; Timer @ int
THEORUN = 1; tart Countin 0

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

Address: 0xF350
Access: w
Access size: 8/16 bit
Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word TMHSTR
Byte TMHSTRH TMHSTRL
Bit TH7H | THBH | TH5H | TH4H | TH3H | TH2H | TH1H | THOH | TH7 | TH6 | TH5 | TH4 | TH3 | TH2 | TH1 | THO

RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN | RUN
R/W W w W w W W W W w W W w w w W W
Initial 0 0o 0 0 0 0 0 o 0 0 0 0 0o 0 0
value

THORUN In the 16bit timer mode, controls the counter of 16bit timer 0

In the 8bit timer mode, controls the lower side 8bit counter of 16bit timer 2
Writing "0": Invalid
Writing "1": Start counting
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Timer Interrupt (timer0.c)

void Timer@_Interrupt(void)

{

static unsigned char tick cnt=8;
static unsigned int t _base cnt=0;

J/A008 kHz -> 0.25 mS
Jfcount to 16 -> (4000 Hz/16) = 258 Hz
/7250 Hz -> 4 mS
if(++tick cnt »>= 16)
{
tick cnt = @;
Flag. ScanTime=1;

I/
t _base_cnt++;
if(t_base_cnt »>= (4000%10))
Jfif(t_base _cnt »= 4000)
t _base_cnt = 9;

BlinkLED();

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

Timer 16-Bit -> 4 kHz

-> (.25 mS

4000Hz

Count to 16 -> =250Hz

/f Count for 258Hz (408¢

Timer Interrupt -> 250 Hz

>4 mS
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Real Time Clock (timer0.c)

Start

void RealTimeClock(void)

{
if(++Msec >= SecCountValue)
(Msec+1)>=
{ Sec Msec=0
Msec=0; CountValue
if(++Sec >= 60)
{ N v
Jec=o; (S;e:ce+01) Sec=0
if(++Min >= 60)
{
Min=0; N §
Hour = ++Hour%24; A
¥
¥
N
} A 4
I Hour=(Hour+1)
%24
< \ 4
A 4
END
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Initial Port (main.c)

Vpo
éli Pull-up Data bus

Controller
3

PnAMODO1

= PnMOD23 Port Mode Reg.
L | PnMoD45

PnMODE7 | °
PnPMD
PnPSL
k4
PnDI, PnDO &> Data Reg.
PRO to Pn7 ¢ it ’
| ontroller Output in a shared function

[PriE |
. Input in a shared function
Vss

AINOQ to 15, CMPOM, CMPOP,
CMP1M, CMP1P, DACOUTO to 1

TMHOOUT (Carrier Frequency),
FTMOP (Carrier Frequency Input)
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void Init_Port(void)

Initial Port (m ain .C) 17.2.2 Port n Data Register (PnD:n=01t0 9, A, B)

PnD is a special function register (SFR) used to read the level of the port n pin and write output data.
The input level of the port n pin can be read by reading PnDI in the input mode.

{ Data written to PnDO in the output mode are output to the port n pin.
ff“““““““““j “““““““ The PnDO is readable.
=== Port ® Init ------------ Enable or disable the input or output by using the port n mode register.
F it i See Table 17-2 “List of Registers / Bits” to check avaible pins and bits.
//P@BD0=@; // Output = @ Wirte “0” to the bits of PuDO register that have no corresponding pin.
P@1D0=0; J// Output = @ The bits of PnDI register that has no corresponding pin always return “0” for reading.
PO2D0=0:; 0
PO3D0-0- 9 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMD‘}:B:_' B Word PnD
PBSDD:E!; @ Byte PRDO PRDI
P@6D0=0; // Output = @ git |Pn7DO|PRBDO|PnSDO|PN4DO|PR3DO Pn2DO|PR1DO|PRODO| Pn7DI | PREDI | PnsDI | PnDI | Pr3DI | Pn2Di | Pa1DI | ProDI
P@7D0=0; [/ Output = @

RW RW RW RW RW RW RW RW RW R R R R R R R R
//PBRIE=0;POB0OE=0;POO0D=0;PROPU=0; Initial 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
P@1IE=0;P@10E=0;P@10D=0;PO1PU=0; velue
P@2IE=0;P@20E=0;P020D=0;P02PU=0; / Bit Bit symbol
P@31E=0;P@30E=0;P@30D=0;P@3PU=0; I/ N na):'ne Description
P@4IE=0;PR40E=0;PR40D=0;PR4PU=0; / 0.
PO5IE=0;P@50E=0;P@50D=0; PO5PU=0; // 15to8 Pn7DO to This bit is used to set the output level of port n pin.
P@6IE=0;PBGOE=0; PO60D=0;POEPU=0; I Pn0ODO 0: Output "L" (initial value)
P@71E=0;P@70E=0;PO70D=0;PO7PU=0; I/ 1:  Output "H"
7t00 Pn7DlI to This bit is used to set the input level of port n pin.
//PBeMD3=0; PABMD2=0 ; PBBMD1=0 ; PABMDD=0; PnODI 0: The input level is "L"
P@1MD3=0;P@1MD2=0; PE1MD1=0; PE1MDE=0; . ; i
! ’ ’ ’ 1:  The input level is "H" (Initial value)

P@2MD3=0; P@2MD2=0; PE2MD1=0 ; PE2MD@=0;
P@3MD3=0;PB3MD2=0;P@3MD1=0; P@3MDe=0;
P@4MD3=0; P@4MD2=0 ; P@4MD1=0; P@4AMDE=0;
P@5MD3=0; P@5MD2=0; P@5MD1=0 ; P@5SMD@=0;
PO6MD3=0; PA6MD2=0 : PAGMD1=0 ; PE6MDO=0;
P@7MD3=0;P@7MD2=0; P@7MD1=0; P@7MDE=0;
[ [ = e
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void Init_Port(void)

{

17.2.3 Port n Mode Register 01 (PnMOD01:n=01t0 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pnl pin.
See Table 17-2 “List of Registers / Bits™ to check avaible pins and bits.

ff--—- Wirte “0” to the bits of PnMODO1 register that have no corresponding pin.
[f===mmm-- Port @ Init ---------- 1 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ijééééé_;";:f—é_;_;“_;7 """" Word PnMODO1
=@; utpu
P@1D0=0; // Output = @ Byte PnMODA1 PnMODO
Pe2D0=0;  // Output = @ git | "o IMDPnIMDIPNIMDpntop|PnipulPRioE| PntiE PMGMPIPROMDIPAOMDIPAOMDIb 00D ProPU|PrOGE| ProIE
P@3D0=0; // Output = @
PRADO=0 - // Output = @ RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
PesD0 // Output = @ Initial g 0 0o o0 0 0 0 0 o 0 0 0 0 * 0 *
P@6DO // Output = @ value
PO7 // Output ) * :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".
9 Pn10E This bit is used to enable the output of Pn1 pin
//PeaI % ; PABOE=0; POGOD=0; PABPU=0; // _ e
PO1IE=0;P@10E=0; PA10D=0; PO1PU=0; 7/ 0: Disable the output (initial value)
PO2IE=0:P@20E=0; P220D=0; P@2PU=0; I/ 1:  Enable the output
P@3IE=0;P@30E=0;P@30D=0;PO3PU=0; // 8 Pn1lE This bit is used to enable the input of Pn1 pin
PO4IE=0;PBAOE=0;P0A0D=0;POAPU=0;  // 0: Disable the input (initial value)
P@SIE=0; PO5S0E=0; PA50D=0; PO5PU=0; /1 , .
PO6IE-0:PO6OE=0: PO60D=0;POEPU=0;  // 1: Enable the input
P@7IE=0;PO70E=0; P870D=0; PO7PU=0; //
J//PBBMD3=0;PREMD2=0; PEBMD1=0;PaaMDA=0;
P@1NMD3=0; PO1MD2=0 ; PO1IMD1=0 ; PO1MDO=0 ;
P@2MD3=0; PO2MD2=0; PE@2MD1=0; PO2MDE=0;
P@3MD3=0; P@3MD2=0;PB3MD1=0; P83MDE=0;
P@ANMD3=0 ; PO4NMD2=0 ; POAMD1=0 ; POAMDO=0 ;
P@5MD3=0; POSMD2=0; PESMD1=0 ; PESMDE=0;
PO6MD3=0: PA6MD2=0 ; POGMD1=0 : PO6MDE=0
P@7MD3=0; PO7MD2=0; P@7MD1=0; P@7MDE=0;
Sl
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P. 98

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




Chapter 1 GPIO

ROHM GROUP

"~ LAPIS

SEMICONDUCTOR

Initial Port (main.c)

void Init_Port(void)
{

17.2.3 Port n Mode Register 01 (PnMOD01:n=01t0 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pnl pin.
See Table 17-2 “List of Registers / Bits™ to check avaible pins and bits.

f/mmmmmmm Wirte “0” to the bits of PnMODO1 register that have no corresponding pin.
fl=mmmmmes Port @ Init ---------- 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Ivoomoca; 17 vtput <0
=0 - utput =
POID0=0:  // UutEut -0 Byte PAMOD1 PAMODO
PB2D0=0; // Output = @ Bit P”13MD P";MD p”11MDP"10MD Pn10D|Pn1PU|Pn10E| Pn1IE P”%MD F’“%_MD P”?IMD P"%MD Pn0OD|PnOPU|PROOE| ProIE
P@3D0=0;  // Output = @
%)

P@AD0=0; // Output
P@5D0=0; I/
P@6D0=0; //
P@7D0=0; //

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 0 0 0 0 0 0 0 0 0 0 0 0 * 0 *
value

* -The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

. . . . Pn10D This bit is used choose the output type of Pn1 pin.
IIP@@IE_@’ POBOE=0;P00 ; POOPU=0; /. An LED is directly drive-able by enlarging the current when the N-channel open drain output
P@1IE=0;PR10E=0;P@10D=0;PR1PU=0; /, mode is chosen.
PO2IE-0;P@20E=0; P820D=0; PO2PU=0; /. See the data sheet for details about the current drive ability.
Pe3I EZE’; P'ﬁ3'DE=B; P'B3'DD=6; P93PU=B; f, 0: CMOS output (initial value)
P@4IE=0;P@40E=0;Pe40D=0; Pe4PU=0; /. 1:  N-channel open drain output
lzg:i:ig’ lzzzg:ig’ zg:ggig’ lzzzlzgig’ ;(} Pn1PU This bit is used to enable the internal pull-up resistor of Pn1 pin.
PBTIE:E; PB?DE:E; PB?GD:Bf PBTPU:BT /) The internal pull-up resistor can be enabled on following conditions of the port.

! ! ! ’ The input is enabled and the output is disabled on the port

A e PR e The input is enabled and the N-channel open drain output is chosen on the port

J//PBBMD3=0;PREMD2=0; PEBMD1=0;PaaMDA=0;
PB1MD3=0 : PA1MD2=0 : PO1MD1=0 : PO1MDO=0 - 0: Without a pull-up resistor (initial value)
P@2MD3=0; PO2MD2=0 ; P82MD1=0 ; PO2MDO=0 ; 10 With a pull-up resistor
P@3MD3=0; P@3MD2=0;PB3MD1=0; P83MDE=0;
POANMD3=0; Pe4MD2=0 ; PO4MD1=0 ; Pe4MDe=0; The conditions of the port are specified by Pn1IE, Pn10OE and Pn10D bit.
P@5MD3=0; PO5MD2=0 ; P@5MD1=0 ; PB5MDO=0 ; 10X: Setting of Pn1PU bit is enable
P@EMD3=0 ; PO6MD2=0 ; PE6MD1=0 ; PO6MDR=0 ; 111: Setting of Pn1PU bit is enable
P@7MD3=0;P@7MD2=0 ; PB7MD1=0 ; P@7MDE=0 ; Others: Setting of Pn1PU bit is disable
e X:0or1 (don't care)
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Initial Port (m ain _C) 17.2.3 Port n Mode Register 01 (PnMOD01:n=0 to 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function

void Init_Port(void) of Pn0 pin and Pnl pin.

{ See Table 17-2 “List of Registers / Bits™ to check avaible pins and bits.
ff--—- Wirte “0” to the bits of PnMODO1 register that have no corresponding pin.
[f===mmm-- Port @ Init ---------- 1 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ijééééé_;";:f—é_;_;“_;7 """" Word PnMODO

=0; utput =
PO1D0-0; 7/ Output = @ Byte PnMOD1 PnMODO
Pe2D0=0;  // Output = @ git | "o IMDPnIMDIPNIMDpntop|PnipulPRioE| PntiE PMGMPIPROMDIPAOMDIPAOMDIb 00D ProPU|PrOGE| ProIE
P@3D0=0; J// Output = @
P@4D0=0; // Output = @ RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
P@SD0=0;  // Output = @ Inital ©o o o o © o © 0 o0 0 ©0 o * o =
PesD0=0; J/ Output = @ value
PO7D0=0; // Output = @ * :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".
Pn1MD3 to This bit is used to choose the shared function of Pn1 pin.
//P@BIE=0;PBR0OE=0;POR0OD=0;POOPU=0; // pnimDO For the details of the shared function, see Table 1-7 "ML62Q1300 Group Pin List", Table 1-8
P@1IE=0;P@10E=0; P@10D=0;PO1PU=0; /! "ML62Q1500 Group Pin List" and Table 1-9 "ML62Q1700 Group Pin List".
PO2IE=0;P@20E=0;P020D=0;PB2PU=0; // 0000:  Primary function (initial value)
P@3IE=0;PO30E=0;P@30D=0;PO3PU=0; Iy 0001: 2" function
PR4IE=0;P@40E=0;PO40D=0;Pe4PU=0; /! 0010: 3" function
P@5IE=0;P@50E=0;P@50D=0;P@5PU=0; I/ 0011: 4" function
PO6IE=0; PE@GOE=0; PB60D=0 ; PO6PU=0 ; // 0100: 5" function
PO@7IE=0;P@70E=0;P@70D=0;P@7PU=0; / 0101: 6" function
0110: 7" function

//P@eMD3=0; PeAMD2=0 ; PABNMD1=0 ; PAONMDR=0; 0111 8" function
P@1MD3=0; PO1MD2=0 ; PO1MD1=0;P@1MDO=0; 1XXX: Do not use (Primary function)
P@2MD3=0;P82MD2=0; P@2MD1=0 ; PE2MDE=0; X: 0 or 1 (don't care)
P@3MD3=0; P@3MD2=0;PB3MD1=0; P83MDE=0;
P@4MD3=0; P@4MD2=0; P@4AMD1=0 ; P@4MDe=0;
P@5MD3=0; PO5MD2=0; P@SMD1=0 ; P@SMDE=0;
PO6MD3=0: PA6MD2=0 ; POGMD1=0 : PO6MDE=0
P@7MD3=0;P@7MD2=0; PB7MD1=0; PE7MDE=0;
[ === e
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Import Project

|V code Training Lapis - LEXIDE-U16

Right-click on project Explorer

File Edit Source Refactor MNavigate Search Project Run LAPIS Window Help

g E RN - - AR At R R and select Import.
5 Project Explorer &2 E|<-'='==>| ¢ ~ — 0O

i= Chapter 1 GPIO

Mew 3
s (=
Export...

g
B
2| Refresh F5
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Chapter 2 UART

Import Project

Select General and choose

Select \g . g . .
Create new projects from an archive file or directory. H EXIStI ng PrOJeCtS Into
Workspace. Click Next.

» Import

Select an import wizard:

type filter text

~ [= General -~

& Archive File
=% Existing Projects into Workspace-
4 File System
1 Preferences
3 Projects from Folder or Archive

= CfC++

= Install

= LAPIS W

@ < Back Finish Cancel
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Import Project

[ Import

LEXIDE up the new window.
Click Browse.. at Select root directory.

Import Projects —
11 1/
Select a directory to search for existing Eclipse projects. Choose Cha pter 2 UART |n
@ Select root directory: ~ | | Browse... FO | d e r W I n d OW .
(O Select archive file: Browse...
Browse For Folder
Projects:
Select All Select root directory of the projects to import
Deselect All
~
Refresh ! Desktop
= Documents
¥ Downloads
. Favorites
v lexide
v Code Training Lapis
Options .metadata
[[] Search for nested projects Chapter 1 GPIO
["] Copy projects into workspace d v Chapter 2 UART
["]Hide projects that already exist in the workspace : settings
Working sets : Debug
source files
["] Add project to working sets New... Chapter 3 ADC
Working sets: Select... " Chapter 4 12C
RemoteSystemsTempFiles v
Folder: Chapter 2 UART
@ < Back Next > Finish Cancel Make New Faolder Cancel
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Import Project

) Import

Import Projects

Select a directory to search for existing Eclipse projects.

(@) Select root directory: | C:\Users\pichet\lexide\Cade Training Lapis\Chaptel ~ | Browse...
(O Select archive file: Browse...
Projects:
Chapter 2 UART (C\Users\pichet\lexide\Code Training Lapis\Chapter 2 U/ Select All
Deselect All
Refresh

< >

Options

["1Search for nested projects

[[1Copy projects into workspace

[T Hide projects that already exist in the workspace

Working sets

[[] Add project to working sets New...

Working sets: Select...

i
® < Back Next > Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

After choosing Project Click Finish.
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Import Project

IV Code Training Lapis - LEXIDE-U16 Then appear the project on

File Edit Source Refactor Mavigate Search Project Run LAPIS Window |
@vDinigvardv@ it~ ProjectEprorer.

wil | B~/ ~ B
=

5 Project Explorer 2 G| Y= 0O

1= Chapter 1 GPIO
~ =5 Chapter 2 UART
il Includes
= Debug
= source files
(8] ML621367.ASM

N
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Check Device

de Training Lapis - LEXIDE-U16

File Edit Source Refactor

Navigate Search Project Run LAPIS Window F

— Right-click on a project folder

I3 Project Explorer &2
1= Chapter 1 GPIO

v =5 Chapter 2
[ Include
= Debug
(= source
18 MLE21

B E

@lv v=o

New
Go Into

Open in New Window
Show in Local Terminal

Copy

Paste

Delete

Remove from Context
Source

Move...

Rename...

Import...

Export...

Clean and Build Project
Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets
Index

Show in Remote Systems view
Run As

Debug As

Profile As

Team

Compare With

Restore from Local History...
Run C/C++ Code Analysis
Configure

Properties

and select [Properties] .

Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down

F2

E5:

nso
tim

Alt+Enter

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Select Device

D Properties for Chapter 1 GPIO

type filter text LEXIDE-U16 Settings LS
Resource
Builders Target MCU
~ (/C++ Build Category: ML62Q1000 ~
Build Variables T ML62Q1300 o
Environment
Loaging Lsl: ML621367 ~
settings . ) Toolchain
Tool Chain Editor Al the latest Toolchai
C/C++ General ways use the |atest Toolchain
LEXIDE-U16 Settings Wersion: (V2 01,00
Project References
Run/Debug Settings
Task Repository
WikiText
[
[
)
Restore Defaults Apply
@ Apply and Close Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Build Project

|V Code Training Lapis - LEXIDE-U16

File Edit Source Refactor MNavigate Search Prgject Run LAPIS Windov Rig ht_CIiCk On a prOjeCt f0|der

il <2 |®~{ @@ -iBinigvavdr@vittvC

A=y and select [Build Project] to

5 Project Explorer 22
i Chapter 1 GPIO

PESEEEE start the build process.

MNew >
Go Into

Open in New Window
Show in Local Terminal >

= Copy Ctrl+C
Paste Ctrl+V
Delete Delete
Remove from Context Ctrl+Alt+Shift+ Down
Source >

Mave...
Rename.. F2

Import...
Export...

L E

Clean and Build Project

Build Project

Clean Project

Refresh F5
Close Project

Close Unrelated Projects

Build Configurations >
Build Targets >
Index >

Show in Remote Systems view
Run As

Debug As

Profile As

Team

L

Compare With N
Restore from Local History... Eks C-(
% Run C/C++ Code Analysis lay at thi:

Configure >

Properties Alt+Enter

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P. 109

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




ROHM GROUP

LAPIS

SEMICONDUCTOR

Chapter 2 UART

Build Project

|V code Training Lapis - LEXIDE-U16

e it Source efactor avigate earc roject un inaow elp . - W h e n th e b u i | d S u Cceed S

Pl |8~ R - @@ - BiNig@-a& -G~ ~-0-Q-i®0 & -
=|

e , an ABS file is generated.

&5 Project Explorer &
15 Chapter 1 GPIO
~ % Chapter 2 UART
[ Includes
~ = Debug
(= source files
|= Chapter 2 UART.abs
= Chapter 2 UART.map
L& makefile
ML621367.0bj
|2 ML621367.prn
|.& objects.mk
| sources.mk
L& subdir.mk
(= source files
8 ML621367.ASM

Problems Tasks B Console = Properties

CDT Build Console [Chapter 2 UART]

AUSTLIIE,. CNdPLElr £ UART .duS

Mapfile: Chapter 2 UART.map

Total ROM usage = @0AS4  (2644)
Total RAM usage = 00540  (1344)

Linkage completed.
'Finished building target: Chapter 2 UART.abs'

09:56:53 Build Finished (took 4s.236ms)
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________ Initial MCU_
( Start ) System Clock » Timer0_Interrupt
A 4 E A 4 E v
Initial MCU g Initial Port Scantime = 1
i v i
< | Initial Timer0 —
: ' Count to 5999
i \ 4 |
' | Initial UARTO | !
Scantime =0
v
UARTOO_RX Interrupt »  UARTOO_Get_Data
A\ 4
UARTO00_GetCommand
A 4
UARTOO_SendData
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Chapter 2 UART

UARTOO_Get Data

Start

Index =0

RXDO0O = 1
Stop_UARTO0

RX_Buf[Index++]
= Buffer Reg
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UARTOO_GetCommand UARTO00_SendData

N Check Y
| RX_Buf == | | i
i ‘<Start>" | | i = TX_Buf ;
| TX_Buf = | y _ i
“Connected->U00" : UARTO0_Send(i) ;
5 : - ‘, 5
| TXDO0O0 =1 | | TXDOO = 0 i
| v E | E
i RXDOO = 0 ; : |
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General Description

ML62Q1300 group ML62Q1500/ML62Q1700 group

Channel no. eS0T 20pin | 24pin | 32pin | 48pin | 52pin | 64pin | 80 pin | 100pin
product | product | product | product | product | product | product | product | product

0 . ) ° . ) ° ° ° °

1 [} ° ] ° ° ] [ ) ° °

2 - - - - - - - ° ]

3 - - - - - - - . °

4 - - - - - - - ° °

S - - - - - - - ° °

e: Available - : Unavailable
Pichet Sriphomma pichet@es.co.th
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Features

Table 11-2 Features of the Serial Communication

Serial Communication mode

Operation mode

Features

Synchronous Serial /O Port
(SSIO)

8-bit mode

16-bit mode

- Max. 6¢ch (Both SSIO and UART are unavailable to use in the

same channel)

- Master mode / Slave mode

~ MSB first / LSB first

» 8bit / 16bit data length

- Self-test function using the master and slave modes.

For the self-test functions, see Chapter 29 "Safety Function."

UART mode

Half-duplex
communication

Full-duplex
communication

- 5-bit/6-bit/7-bit/8-bit data length

- Odd parity/even parity/0 parity/1 parity/and no parity
- One stop bit/Two stop bits

- Positive logic/negative logic for communication logic
« MSB first / LSB first

- Wide range of communication speed

- 1bps to 4,800bps (Clock frequency is 32.768kHz)
- 600bps to 3Mbps (Clock frequency is 24MHz)
- 300bps to 2Mbps(Clock frequency is 16MHz)

= Built-in baud rate generator for each channel
= One channel is usable as two channels of half-duplex

communication UART

- Parity error flag, overrun error flag, framing error flag,

transmission buffer status flag, reception buffer status flag
- Self-test function using transmission and reception

Faor the self-test functions, see Chapter 29 "Safety Function."

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved
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Configuration

XO) SUn_SCLK
=) SUn_RXDO/1 (3

SUn_SIN
» Shift register sSUn TXDO/ »
Clock 8/16bits (SSIO) _)( :} -
Dividing | 5/6/7/8bits (UART) SUn_SOuT
Circuit g
SUn_SCLK (O)—>|
Baud rate
I}-_Iggll:ﬁ —1 | generator
H |
Transmit register Receive register
SUnTR SUnRC
» T ¢
Baud rate [¢—>[__UAnBRT |—T —>©) SIUNOINT
UART Mode |e—{ uvanmoD | (For SSIO,UART)
| Controller for @ SIUn1INT
<—H SIOnMOD | Communication mode (For UART)
Control Reg.f¢—[_suncon ] AN (©) SIUNSIO_TXREQ
SURMOD | Communication operation (O) SIUnSIO_RXREQ
<> SUn | (©) SIUNUART_REQO
<—] SunDLY | (O) SIUNUART_REQ1
(For DMA request)
| sbnBUF || sionsSTAT | | UARSTAT |
A 7 ) n=0to 5
A Data bus
Buffer Reg. Status Reg.
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List of Pins
i
SE ‘ group

)
= —_ N N w ~ (&) o)} Qo -
3 Pin name Shared port ist Setting value 5 2. =t = = = k= k= o
- register = ) o ) =) © ) ) 5
2 s |3la|sl|sa|s|3 |3 |z
c o a o (e} o Q. Q. (@]
rel = = c c c = = a
= lala|lalael|la]le]|le]c¢s
#suo D0 P03 | 2" Func. | POMOD3 0001_XXXX" ° ° ° ° ° ° °
- P13 | 2" Func. | PIMOD3 | 0001_XXXX" ° ° ° . . . ° ° .
P02 | 2" Func. | POMOD2 | 0001 XXXX? ° . . . . ° ° ° .
»suo D0 Po7 | 3" Func. | POMOD7 | 0010 XXXX? - - - . . ° . ° .
- P12 [ 2™ Func. | PIMOD2 | 0001_XXXX? - - . . . ° ° ° .
. P17 | 3 Func. | PIMOD7 | 0010 XXXX" ° ° ° ° . . ° ° °
PO3 | 3™ Func. | POMOD3 | 0010_XXXX" ° . ° . . ° ° ° °
SUb XD P10 | 2" Func. | PIMODO | 0001_XXXX" - - - . . ° ° ° °
- P13 | 3® Func. | PIMOD3 | 0010_XXXX" ° . o . . ° ° ° °
P20 | 2" Func. | P2MODO | 0001_XXXX" ° ° ° . . . . . °
suo rxo1 1P 2" Func. | POMOD7 | 0001_XXXX? - - - . o | o ° o .
- P17 | 2" Func. | PIMOD7 | 0001_XXXX? ° . ° . . . ° ° °
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Combination of UART port

* Full-duplex communication

AP T ¢ Buffer register
nput/output pin ombination
PHYCHIPLLP SDnBUFL SDnBUFH
SUn_RXD SUn_RXDO Received data Transmit data
SUn_TXD SUn_TXD1 (SUn_RXDO) (SUn_TXD1)
n=0to 5
9 Half-duplex communication ‘
, o o Buffer register
Input/output pin Combination 1 | Combination 2 SDNBUFL SDnBUFH
UARTNO Receive data UARTN1 Receive data
SUn_RXD SUn_RXDO SUn_RXD1 (SUn_RXDO) (SUn_RXD1)
UARTRNO Transmit data UARTN1 Transmit data
SUn_TXD SUn_TXD1 SUn_TXDO (SUn_TXDO) (SUn_TXD1)
n=0to 5
Channel 0 Channel 1
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Transfer Data Format

L 1 frame .
S 71
Start Parit :
it | 1 |2 |3 |4 |5 |6 |7 |8 |V StopiStp
bit | bit 1 bit
Data bit
* 1 frame , - Data bit length ... 8 to 5 bits
MAX ....... 12 bits Paritv bi
MIN. 7 bits * Parity bit.............. Use or not use
Odd parity or even parity
Parity fixed to "1" or "0"
» Stop bit ............... 1 stop bit or 2 stop bits

Figure 11-12 Format of Positive Logic Input/Output (LSB First)
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Concept
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Concept

e
Connected->U00
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Chapter 2 UART

Set PI n (U artO_C) 17.2.3 Port n Mode Register 01 (PnMOD01:n=01t0 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pn1 pin.
See Table 17-2 “List of Registers / Bits” to check avaible pins and bits.
Wirte “0” to the bits of PnMODO1 register that have no corresponding pin.
void Set_UART_©@ Pin(veid) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

{ Word PnMODO1

// UART@@ RXD Pin Byte PnMODA PAMODO

P@2IE=1;P820E=0; P820D=0; PA2PU-0;
PO2MD3=0; PO2MD2-0; PO2MD1=0; PO2MDO=1; Bt | "5 | "5 | "y O MPlen10D Pn1PU|Pn1OE| PrtiE (TP OMPPNOMBIPROMBIENOMDIen00D ProPU|PA0OE| ProIE

PO3IE=0;P@30E=1;P@30D=0;PA3PU=0; RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

P@RLID3-0 ; PRkiD2-0 ; PA3MD1-0 ; PA3MDO=1 ; L’:I"j: ©o o o o o ©o o0 ©0o o ©0 o0 0 o * o =
¥ * :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

9 Pn10E This bit is used to enable the output of Pn1 pin
0: Disable the output (initial value)
1: Enable the output

8 Pn1lE This bit is used to enable the input of Pn1 pin
0: Disable the input (initial value)
1: Enable the input

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.123
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Set Pin (uart0.c)

void Set_UART_@@_Pin(void)

{
// UART@® RXD Pin
P@2IE=1;P@20E=0; P@20D=0;P@2PU=0;
P@2MD3=0;PB2MD2=0;PO2MD1=0; PO2MDO=1;

P@3IE=0;PO30E=1;P@30D=0;PB3PU=0;
P@3MD3=0; PO3MD2= MD1= MD@=1;
}

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

17.2.3 Port n Mode Register 01 (PnMODO01:n=0to 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pn1 pin.

See Table 17-2 “List of Registers / Bits” to check avaible pins and bits.

Wirte “0™ to the bits of PuMODO1 register that have no corresponding pin.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PnMODO1
Byte PnMOD1 PnMODO
Bit P"13MD P”;MD P"11MD P”BMD Pn10D|Pn1PU[Pn10E| Pn1IE P"%MD P”%MD P”E’lMD P”%MD PnOOD|PnOPU|PnOOE| PnOIE

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 0 0 0 0 0 0 0 0 0 0 0 0 * 0 *
value

* :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

Pn10D This bit is used choose the output type of Pn1 pin.
An LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is chosen.
See the data sheet for details about the current drive ability.
0: CMQOS output (initial value)
1:  N-channel open drain output

Pn1PU This bit is used to enable the internal pull-up resistor of Pn1 pin.
The internal pull-up resistor can be enabled on following conditions of the port.
The input is enabled and the output is disabled on the port
The input is enabled and the N-channel open drain output is chosen on the port
0:  Without a pull-up resistor (initial value)
1:  With a pull-up resistor

The conditions of the port are specified by Pn1lE, Pn10OE and Pn10D bit.
10X: Setting of Pn1PU bit is enable
111: Setting of Pn1PU bit is enable
Others: Setting of Pn1PU bit is disable
X: 0 or 1 (don't care)
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Set Pin (u artO_C) 17.2.3 Port n Mode Register 01 (PnMODO1:n=010 9, A, B)

void Set_UART_@@_Pin(void) Word

{

Byte
// UART@® RXD Pin
PO2IE=1;P820E=0;P@20D=0;PO2PU=0; Bit

Pe2MD3=0;Pe2MD2=0;PB2MD1=0;PE2MDE=1; . .

Initial

PO3IE=0;PO30E=1;P@30D=0;P@3PU=0; value

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pn1 pin.

See Table 17-2 “List of Registers / Bits™ to check avaible pins and bits.

Wirte <“0™ to the bits of PuMODO1 register that have no corresponding pin.

15 14 13 12 11 10 @ 8 7 6 5 4 3 2 1 0
PRMODO1
PAMOD1 PAMODO
P”13MD P”;MD P"11MD P”LMD Pn10D|Pn1PU|Pn10E| Pn1IE P“%MD P”%MD P”C:MD P"%MD PROOD| ProPU[PROOE| ProIE

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

0 0 0 0 0 0 0 0 0 0 0 0 * 0 *

PB3MD3=0;Pe3MD2=0;P@3MD1=0; PO3MDE=1; * :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

Pn1MD3 to This bit is used to choose the shared function of Pn1 pin.
Pn1MDO For the details of the shared function, see Table 1-7 "ML62Q1300 Group Pin List", Table 1-8

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

"ML62Q1500 Group Pin List" and Table 1-9 "ML62Q1700 Group Pin List".

0000:  Primary functiog (initial value)
0001: 2" function h
0010: 3" function

0011: 4" function
0100: 5" function
0101: 6" function
0110: 7" function
0111: 8" function
1XXX: Do not use (Primary function)
X:0or 1 (don't care)
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Start Sto p UA RT 11.2.5 Serial Communication Unit n Control Register (SUnCON)

SUnCON is a specific function register (SFR) to control the serial communication unit.

(u arto . C) Address: 0xF606(SUOCONL/SUOCON), 0xFB07(SUOCONH), 0xF626(SU1CONL/SU1CON),
0xF627(SU1CONH), 0xF646(SU2CONL/SU2CON), 0xF647(SU2CONH),
0xFE66(SU3CONL/SU3CON), 0xF667(SU3CONH), 0xF686(SU4CONL/SU4CON),
0xF687(SU4CONH), 0xFBAB6(SUSCONL/SUSCON), 0xF6A7(SUSCONH)

= = Access: R
void Stnp_UhRTEB E'q.fﬂ-ld ) Access size: 8/16bit
{ Initial value: 0x0000
UBEEH = B_1 J"Ir;"lr E 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
} Word SUnCON
Jr'{,n’{ ______________________ Byte SUnCONH SUnCONL
. . . Un1E UnOE
void Start_UARTEO(void) O e e e e Vi R A N B R B e =
{ R/W R R R R R R R/W R R R R R R R RW R/W
unsigned char 1_1 Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
1 = SDeBUF L; },.f},.f F UnOEN This bit is used to enable the UARTn communication in the UART mode.
UABBSTAT = Oxff; - UART Full-duplex mode
UBBEN = 1; ,r",.-'r < 0: Stop the UARTn communication (Initial value)
} 1: Start the UARTn communication
- UART Half-duplex mode
0: Stop the UARTNO communication (Initial value)
1: Start the UARTNO communication
- SSIO mode
The UnOEN bit is unwritable.
0: Unused
1: Unused
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void Config_ UART_@@(void)

{

unsigned char 1i;

Set_UART @@ Pin();
Stop_UART@O() ;

//UAGGMOD -> UARTOA Mode

UeeIo = o; cel
U@aCK1-1; UBACKe=0 lec
UB@RSS = @; // Value

UeoLG1=0;UeeLGe=0; // 2-bit
U@ePT2=0;UeePT1=0;UGGPTO=0;

UeesTP = @; // 1 stop bi
UBBNEG = @; // Positive
UeeDIR = 9; // LSB first

J/ 9600 bps Baud Rate Settir
UAG@BRT = Ox09cl; // E
UAG@BRC = 0x04; // Baud

// 115,200 bps Baud Rate Set

// UABGBBRT = @x@0cf; // E

// UA@BBRC = 0@x02; // Baud

Set UARTO® RX();
//Set UARTOO TX();

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Config UART (uart0.c) 1128 UARTNO Mode Register (JANOMOD)

UAnOMOD is a specific function register (SFR) to set the mode in UARTnO full-duplex communiction mode and
half-duplex communication mode.

Address: 0xF60C(UAOOMODL/UAOOCON), OxF60D(UAOOMODH),
0xF62C(UA10MODL/UA10MOD), 0xF62D(UA10MODH),
0xF64C(UA20MODL/UA20CON), 0xF64D(UA20MODH),
0xF66C(UA30OMODL/UA30MOD), 0xF66D(UA30MODH),
0xF68C(UA40MODL/UA40CON), 0xF68D(UA40MODH),
0xFBAC(UAS0MODL/UA50MOD), 0xFEAD(UA50MODH)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word UANOMOD
Byte UANOMODH UAROMODL
| UnOD | UnON | UnOS [ UnOP | UnOP | UnOP | UnOL | UnOL | UnOR | _ _ _ | unoc | unocC | Uno
Bt |"R |EG | TP | T2 | T | TO | 61 | GO | S8 Ki | Ko | o
RW RW RW RW RW RW RW RW RW RW R R R R RW RW RW

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

value

UnOCK1 to This bit is used to choose base clock of baud rate generator in UARTNO full-duplex and

UnOCKO half-duplex mode.

00: LSCLK (initial value)
01: Do not use (LSCLK)
10: HSCLK

11: Do not use (HSCLK)

UnOlO This bit is used to choose the transmission mode or reception mode in UARTNO full-duplex
and half-duplex mode. When the full-duplex communication mode is chosen, this bit is fixed
to “1” and the UART performs as the reception mode.

0: Transmission mode (Initial value)
1:  Reception mode
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void Config_ UART_@@(void)

{

unsigned char 1i;

Set_UART @@ Pin();
Stop_UART@O() ;

//UAGGMOD -> UARTOA Mode

UeeIo = o; // Recei
UeeCKl=1;UeecKe=0; / Selec
UB@RSS = @; lue
UeeLG1-0; UeoLGe=0; ~bit
U@aPT2=0; UBAPT1-0 ; UPGPTO=0;
UeesTP = @; // 1 stop bi
UBBNEG = @; // Positive
UeeDIR = 9; // LSB first

// 9600 bps Baud Rate Settir
UAGGBRT = @x@9cl; // E
UAG@BRC = 0x04; // Baud

// 115,200 bps Baud Rate Set

// UAB@BRT = @x@@cf; //E

// UA@BBRC = 0@x02; // Baud

Set UARTO® RX();
//Set UARTOO TX();

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Config UART (uart0.c) 1128 UARTNO Mode Register (JANOMOD)

UAnOMOD is a specific function register (SFR) to set the mode in UARTnO full-duplex communiction mode and
half-duplex communication mode.

Address: 0xF60C(UAOOMODL/UAOOCON), 0xF60D(UAOOMODH),
0xF62C(UA10MODL/UA10MOD), 0xF62D(UA10MODH),
0xF64C(UA20MODL/UA20CON), 0xF64D(UA20MODH),
0xF66C(UA30MODL/UA30MOD), 0xF66D(UA30MODH),
0xF68C(UA40MODL/UA40CON), 0xF68D(UA40MODH),
0xFBAC(UAS0MODL/UASOMOD), 0xFEAD(UA50MODH)
Access: R/W

Access size: 8/16bit

Initial value: 0x0000

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word UANOMOD
Byte UANOMODH UANOMODL
Bit UnOD | UnON | UnOS | UnOP | UnOP | UnOP | UnOL | UnOL | UnOR | _ _ | UnOC | UnOC | UnoI
! IR EG TP T2 T1 TO G1 GO SS K1 KO (e}

RW RW RW RW RW RW RW RW RW RW R R R R
Initial
value

RW RW RW

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

UnORSS This bit is used to choose sampling timing of the reception data in UARTNO full-duplex and
half-duplex mode.
0: (Values set to UANOBRTH and UANOBRTL registers)/2 (initial value)
1. {(Values set to UANOBRTH and UANOBRTL registers)/2} -1
UnOLG1 to This bit is used to choose the communication data length in UARTNO full-duplex and
UnOLGO half-duplex mode.
00: 8-bit length (Initial value)
01: 7-bit length
10: 6-bit length
11: 5-bit length
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Config UART (uart0.c) 1128 UARTNO Mode Register (JANOMOD)

UAnOMOD is a specific function register (SFR) to set the mode in UARTnO full-duplex communiction mode and

void Con -Fig_UART_BB{vnid) half-duplex communication mode.
{ . Address: 0xFB0C(UAOOMODL/UAOOCON), 0xF60D(UAOOMODH),
unsigned char 1; 0xF62C(UA10MODL/UA10MOD), 0xF62D(UA10MODH),
0xF64C(UA20MODL/UA20CON), 0xF64D(UA20MODH),
0xF66C(UA30MODL/UA30MOD), 0xF66D(UA30MODH),
Set UART 88 Pin(); 0xF68C(UA40MODL/UA40CON), 0xFB8D(UA40MODH),
StOD_UﬂRT@@( } ; Acsese. g);\I;VSAC(UASOMODL/UASOMOD), 0xF6AD(UA50MODH)
Access size: 8/16bit
//UAG@MOD -> UARTOO Mode Initial value: 0x0000
UeeIo = o; // Recei %5 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
UeeCKl=1;UeeCKe=0; // Selec word UANOMOD
UBBRSS = O; // Value Byte UANOMODH UANOMODL
UeaLGl-0;UeeLGe=0; // 8-bit gt [ U0 | UnON | Lnds | ungP | Un0P | ungP | UnoL | unoL [UnoR || || funoc unoc | unol
UeePT2=0; UcePT1=0;U8RPTO=0;
U@BSTP = 0: / 1 stop bi Rj/\.N RW RW RW RW RW RW RW RW RW R R R R RW RW RW
UBONEG = 0 Positive 'v:,'ff; o o o o o0 ©0 oO0 ©0 ©0 ©Oo 0 0 ©0 0 0 0
UeeDIR = 9; SB first
UnOSTP This bit is used to choose the stop bit length in UARTRO full-duplex and half-duplex mode.
// 9600 bps Baud Rate Settir T op ot (el valle)
UAGBBRT = 0x0@9cl; /] E UnOPT2 t Thi 'b't' pdt h th ity bit in UARTNO full-dupl d half-dupl d
UAGBBRC - 0x04: // Baud n o is |- Is used to choose the parity bit in nO full-duplex and half-duplex mode.
. UnOPTO 000:  No parity bit (initial value)
// 115,200 bps Baud Rate Set 001 Odd parity
J// UABBBRT = @x00ct; //E 010:  No parity bit
// UM@@BRC = @x02; // Baud 011:  Even parity
100:  No parity bit
Set_UART@@_RX(); 101 Parity bit is fixed to "1"
J/5et _UART@B TX(); 110:  No parity bit
} 111:  Parity bit is fixed to "0"
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void Config_ UART_@@(void)

{

unsigned char 1i;

Set_UART @@ Pin();
Stop_UART@O() ;

//UAGGMOD -> UARTOA Mode

UeeIo = o; // Recei
URBCK1=1;UReCKe=0; // Selec
UB@RSS = @; [/ Value

UeoLG1=0;UeeLGe=0; // 2-bit
U@ePT2=0;UeePT1=0;UGGPTO=0;
UeesTP = @; // 1 stop bi

UBBNEG = @; Positive
UeeDIR = 9; LSB first

J/ 9600 bps Baud Rate Settir
UAG@BRT = Ox09cl; // E
UAG@BRC = 0x04; // Baud

// 115,200 bps Baud Rate Set

// UABGBBRT = @x@0cf; // E

// UA@BBRC = 0@x02; // Baud

Set UARTO® RX();
//Set UARTOO TX();

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Config UART (uart0.c) 1128 UARTNO Mode Register (JANOMOD)

UAnOMOD is a specific function register (SFR) to set the mode in UARTnO full-duplex communiction mode and
half-duplex communication mode.

Address: 0xF60C(UAOOMODL/UAOOCON), OxF60D(UAOOMODH),
0xF62C(UA10MODL/UA10MOD), 0xF62D(UA10MODH),
0xF64C(UA20MODL/UA20CON), 0xF64D(UA20MODH),
0xF66C(UA30OMODL/UA30MOD), 0xF66D(UA30MODH),
0xF68C(UA40MODL/UA40CON), 0xF68D(UA40MODH),
0xFBAC(UAS0MODL/UA50MOD), 0xFEAD(UA50MODH)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word UANOMOD
Byte UANOMODH UAROMODL
| UnOD | UnON | UnOS [ UnOP | UnOP | UnOP | UnOL | UnOL | UnOR | _ _ _ | unoc | unocC | Uno
Bt |"R |EG | TP | T2 | T | TO | 61 | GO | S8 Ki | Ko | o
RW RW RW RW RW RW RW RW RW RW R R R R RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
UnODIR This bit is used to choose the communication direction in UARTNO full-duplex and half-duplex
mode.
0: LSB first (Initial value)
1. MSB first
UnONEG This bit is used to choose logic of the data output in UARTNO full-duplex and half-duplex
mode.
0: Positive logic (Initial value)
1. Negative logic
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Config UART (uart0.c)

void Config_ UART_@@(void)
{ UARTnNO Baud Rate Register (UAnOBRT)

unsigned char 1i;

UAnOBRT and UAnOBRC can be calculated by the following formulae.

Set_UART_@@_Pin();
Stop_UART@A(); UANOBRT= Base clock frequency (Hz)
Baud rate (bps) - 1

//UAGGMOD -> UARTOA Mode

UeeIo = o; // Recei
URBCK1=1;UReCKe=0; // Selec
UGBRSS = 0; // Value UARTNO Baud Rate Adjustment Register (UAnOBRC)

UeoLG1=0;UeeLGe=0; // 2-bit
U@ePT2=0;UeePT1=0;UGGPTO=0;

ﬁ::: - g; ﬁ ; SF?? o3 UANOBRC = Base clock frequency (Hz) % Baud rate (bps) x 8
"o S Baud rate (bps
UeaDIR = ©; /] LSB first (bps)

// 9600 bps Baud Rate Settir
UAGGBRT = ©Ox89cl;
UAB@BRC = ©x04; /

// 115,200 bps Baud Rate Set

J//  UABBBRT Bx00ct; //E

// UA@BBRC = 0@x02; // Baud

In Addition you can use table lists the count values for typical baud rates.

Set UARTO® RX();
//Set UARTOO TX();
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lists the count values for typical baud rates

Table 11-7 Count Values for Typical Baud Rates (1/2)

Base clock Baud rate UANOBRT UANnOBRC Actual
UAN1BRT UANn1BRC baud rate
1,200bps Ox4E13 0x04 1199.99bps
2,400bps 0x2709 0x02 2399.99bps
4,800bps 0x1384 0x01 4799.99bps
Approx. 24 MHz 9,600bps 0x09C1 0x04 9600.23bps
(approx. 23.986176 MHz) 19,200bps Ox04EQ 0x02 19200.46bps
38,400bps 0x026F 0x05 38400.92bps
57,600bps 0x019F 0x03 57607.14bps
115,200bps 0x00CF 0x02 115179.71bps

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved
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Set UARTO0 TX ,RX (uart0.c)

void Set_UART@®_TX(void)

{
Stop_UARTO8()
UeeIo = 0; 4"... Th
QsIuee = 0; /] cl

ESIUe® = 0; // Di

J/SUBCON -» Serial Cc
Start UARTOO(); /

void Set_UART@®_RX(void)

{
Stop UART@8()
UeeIo = 1; .

Th
QsIuee = 0; /7 Cl
ESIUe@ = 1; // En

J/SUBCON -» Serial Cc
Start UARTOO(); /

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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11.2.8 UARTNO Mode Register (UANOMOD)

UAnOMOD is a specific function register (SFR) to set the mode in UARTnO full-duplex communiction mode and
half-duplex communication mode.

Address: 0xF60C(UAOOMODL/UAOOCON), 0xF60D(UAOOMODH),
0xF62C(UA10MODL/UA10MOD), 0xF62D(UA10MODH),
0xF64C(UA20MODL/UA20CON), 0xF64D(UA20MODH),
0xF66C(UA30MODL/UA30MOD), OxF66D(UA30OMODH),
0xF68C(UA40MODL/UA40CON), 0xF68D(UA40MODH),
0xF6AC(UASOMODL/UAS0MOD), 0xF6AD(UAS0MODH)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 4 3 2 1 0
Word UANOMOD
Byte UANOMODH UANOMODL
1 UnOD | UnON | Un0S | UnOP | UnOP | UnOP | UnOL | UnOL | UnOR _ | unoc | unoc | unol
Bit R |EG| ™ | T2 | ™ | T0 | 61 | Go | ss Ki | Ko | ©
RW RW RW RW RW RW RW RW RW RW R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0
value
un0IO This bit is used to choose the transmission mode or reception mode in UARTNO full-duplex

and half-duplex mode. When the full-duplex communication mode is chosen, this bit is fixed

to “1" and the UART performs as the reception mode.
0: Transmission mode (Initial value)

1. Reception mode
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Set UARTO0 TX ,RX (uart0.c)

void Set_UART@®_TX(void)

{
Stop UART@O() ;

UeRIO = 0: // Th
QsIUee = o: - cl
ESIUG® = O: // Di

3

J/SUBCON -» Serial Cc
Start UARTOO(); /

void Set_UART@®_RX(void)

{
Stop UART@O() ;

UeeIo = 1; // Th
QSIUe® = 0; - cl
ESIUe@ = 1; // En

J/SUBCON -» Serial Cc
Start UARTOO(); /

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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5.2.7 Interrupt Request Register 23 (IRQ23)

Address: 0xFO2A(IRQ2/IRQ23), O0xF02B(IRQ3)
Access: RW
Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IRQ23
Byte IRQ3 IRQ2
) QFT | QFT | @l2C | QI2C QEXT QSA QSIU | QSIU | QMC | QDM | QCB
Bit |QIMTIQTMO} iy \ o | M1 [ Mo | -~ | x | " | Db | -~ | o1t |00 | s | A | U
RW RW RW RW RW RW RW R RW R RW R RW RW RW RW RW
Initial

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
QSIU00 This bit controls to request the Serial Communication unit 00 interrupt (SIUCOINT).

0: Not request the interrupt (initial value)
1:  Request the interrupt
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Set UARTO0 TX ,RX (uart0.c)

void Set_UART@®_TX(void)

{
Stop UART@O() ;

UeeIo = o // Th

QsIue@ = 0; // €1
ESIUGO = O; - Di
J/SUBCON -» Serial Cc
Start UARTOO(); /

void Set_UART@®_RX(void)

{
Stop UART@O() ;

UeeIo = 1; // Th
QSIUe® = O cl
ESIUG® = 1; En

J/SUBCON -» Serial Cc
Start UARTOO(); /

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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5.2.3 Interrupt Enable Register 23 (IE23)

IE23 1s a specific function register (SFR) to enable or disable the interrupt for each interrupt request.

The bits are unwriteable when the products do not have the peripheral circuits and they return "0" for reading.

After the interrupt 1s accepted, the master interrupt enable flag (MIE) of the CPU 1s reset to "0", however, the applicable
each flag of IEQ] 1s not reset and remains "1".

Address: 0xF022 (IE2/IE23), OxF023(IE3)
Access: RW
Access size: 8/16bit
Initial value: 0x0000
16 14 13 12 11 10 9 8 6 4 3 2 1 0
Word IE23
Byte IE3 IE2
. EFTM | EFTM | EI2C | EI2C EEXT ESIU | ESIU | EMC | EDM
Bit ETM1 | ETMO 1 0 MA MO - X ESAD 01 00 S A ECBU
R/W RW RW RW RW RW R/W R R/W R/W RW RW RW R/W RW
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0
value
ESIUOO This bit controls to enable or disable the Serial Communication unit 00 interrupt (SIUGOINT).

Pichet Sriphomma pichet@es.co.th
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Get Command (uart0.c)

void UART@®_GetData(void)

{
unsigned char 1i;
i = SD@BUFL; //Serial communicatior Read Buffer
?F{i:"‘ ) Check symbol ‘<’
if(!Flag. RXD0@)
} RXD@@_Index = @; Set Index Array of UARTOO_RX_Buf =0
EISE if(i==">") Check symbol >’
if(RXDP@ Index)
{
Flag. RXD0OO = 1; Set Flag RXD0O =1
Stop UART@A();
h
}
else if(RXDOO_Index < RXD@O®_BUF_NUM) Send Data from Buffer to Array
UARTO®_RX_Buf[RXD@@_Index++1 = i; |\ ;AnT00 RX Buf
Y _RA_

© 2017 ROHM Semiconductor (Thailand) Co., Lt Pichet Sriphomma pichet@es.co.th
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{

Get Command (uart0.c)

void UARTO@_GetCommand(void)

if(Flag. RXD0®)
{

if((UARTO®_RX_Buf[@]=='S")&&(UART@@_RX_Buf[1]=="t')&&(UARTO® RX_Buf[2]=='a")

&&(UARTOO_RX_Buf[3]=='r')&&(UARTOO RX Buf[4]=="t"))

{
UART@®_TX_Buf[@]

UARTO®_TX Buf[1]
UARTO®_TX Buf[2]
UARTO®_TX_Buf[3]
UARTO®_TX Buf[4]
UART@®_TX Buf[5]
UARTO®_TX_Buf[6]
UARTO®_TX Buf[7]
UART@®_TX Buf[8]
UARTO®_TX Buf[9]
UART@® TX Buf[10]
UART@®_TX Buf[11]
UARTO®_TX_Buf[12]
UART@® TX Buf[13]

UARTO®_TX Buf[14]
UART@O®_TX Buf[15]
UARTO®_TX_Buf[16]

TXDBB_Index = 0;

Flag. TXD@a = 1;

Set UART@® TX();
}

RXDEO Index
Flag. RXDo@

a;
8;
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=1 oM+ Mm > 30

[ B e B wn N

= mtwe e e hwe s e e b s e

e e e e

Ox@a;
Oxed;
9;
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TX_ Buffer =
“CONNECTED->U00"

A

TXDOO _|

ndex =0

A

y

TXD00 =1

RXDOO_|

ndex =0

A

y

RXD0O0 =0
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Chapter 2 UART

UARTOO Send Data (uart0.c)

void UART@@_SendData(void)

{
unsigned int i-0; » index =0
if(Flag. TXDoa)
1
i = UART@O TX Buf[TXDO8 Index++];
if((TXDO@ Index < TXD@® BUF NUM)&&(i!=0))
UART®8 Send(i);
else
{
Flag. TXDe® = @;
Set UART@@ RX(); !
¥ TXDOO = 0 and
} Set UART RX
else
TXDE@ Index = @;
}
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Chapter 2 UART

SiEEint ROHM GROUP
SEMICONDUCTOR

UARTOO Send (uartO.c)

unsigned char UART@@_Send(unsighed char data)

{
unsigned int TimeOut; Start

TimeOut=0;

§F

A

¥ UBOFUL data in SDOBUFL reg.

* @: No data in the SDOBUFL register (init

Check data

¥ 1: There is data in the SD@BUFL register in Buffer Timeout + 1
SDOBUFL
while(U@@FUL)
t No data in SDOBUFL reg.
TimeQut++;

if(TimeOut »>= 6@,0000)
return FALSE;
i SDOBUFL = data

Timeout >=
60,000

SDEBUFL = data; //Serial communication tr:
return TRUE;

TRUE FALSE

Note : UnOFUL This bit is used to indicate the state of the transmit/receive buffer.
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SiEEint ROHM GROUP
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I Bluetooth Devices

® o Before launching the program S-TERM.
- X Must connect device.
© v = ¥  Open Bluetooth & other devices

+ 7% o

A B g7 Ox ENG  9:30 E
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ROHM GROUP

LAPIS

SEMICONDUCTOR

Click Add Bluetooth or other device

Settings

 Home

I Find a setting pel ]

Devices

I Bluetooth & other devices

Printers & scanners

S @&

Mouse

O Touchpad

Typing

P Pen & Windows Ink
®) AutoPlay

8 uss

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

Bluetooth & other devices

Add Bluetooth or other device
+
Bluetooth
@ on

Now discoverable as “PICHET”

Mouse, keyboard, & pen
O lenovo USB Optical Mouse

Other devices
@ EPSON L210 Series @ RDServer

Show notifications to connect using Swift Pair

When selected, you can connect to supported Bluetooth devices quickly

when they're close by and in pairing mode.

E] Download over metered connections

To help prevent extra charges, keep this off so device software (drivers,

info, and apps) for new devices won't download while you're on
metered Internet connections.

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

Pichet Sriphomma pichet@es.co.th

Turn on Bluetooth even faster

To turn Bluetooth on or off without

opening Settings, open action center

and select the Bluetooth icon.

Related settings

Devices and printers
Sound settings

Display settings

More Bluetooth options

Send or receive files via Bluetooth

Have a question?

Fixing Bluetooth connections
Reinstalling Bluetooth drivers

Sharing files over Bluetooth

Q@ Get help

& Give feedback
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S-TERM

Click Bluetooth and select device

Add a device Add a device

Add a device Add a device

Choose the kind of device you want to add. Make sure your device is turned on and discoverable. Select a device below to
connect.

Bluetooth
Mice, keyboards, pens, or audio and other kinds of Bluetooth devices

E;l HEINNZ-ASUS

| Wireless display or dock D Mi Phone

Wireless monitors, TVs, or PCs that use Miracast, or wireless docks

D POCOPHONE
_|_ Everything else

Xbox controllers with Wireless Adapter, DLNA, and more

E; ES_BT003

Cancel Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma plChet@ eSCOth P.142

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




ROHM GROUP

LAPIS
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S-TERM

Wait for connecting..

Add a device Add a device

Add a device

Make sure your device is turned on and discoverable. Select a device below to
connect.

Your device is ready to go!

I:;l ES_BT003

E;l HEINNZ-ASUS Paired

D Mi Phone

POCOPHONE

ES_BT003

Connecting

Cancel
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S-TERM

Show device connected

Settings = X
@ Home Bluetooth & other devices
: R Turn on Bluetooth even faster
Find a setting bl :
| | e Add Bluetooth or other device To turn Bluetooth on or off without
A opening Settings, open action center
el and select the Bluetooth icon.
Bluetooth
I Eg Bluetooth & other devices @ o
Related settings
& Printers & scanners Now discoverable as "PICHET' Devicss and piviters
O Mouse Sound settings
Mouse, keyboard, & pen
Display settings
O Touchpad O lenovo USB Optical Mouse Py 9
More Bluetooth options
Typing

Send or receive files via Bluetooth

P Pon BLWIIOWE Tk Other devices

E EPSON L210 Series @ RDServer )
Have a question?

(®) AutoPlay
Fixing Bluetooth connections
ES_BT003
fi use Paired Reinstalling Bluetooth drivers
Sharing files over Bluetooth

Show notifications to connect using Swift Pair
@ Get help

When selected, you can connect to supported Bluetooth devices quickly
& Give feedback

when they're close by and in pairing mode.

D Download over metered connections
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Open Program S-TERM

[ S-TERM v3.0 = X
File Mode Option

Comport .| | & Baudrate - [1200 ~|  Daabi: [8 v Stop bit [1 " Parity : [None \ Open port

‘ Re: | 0| Reset | |Tx 0| Reset ‘ View : |Ascii v| Newlineat: [cr v | [0 225re2 | Send type : [asci v| SendEnd: [Jcr [JLF [JETX | [ Show macro

Console

For clear console Press key 'F11' in console or press button 'Clear console' >> Clear

Data send : 1 Send Data

S-TERM v3.0 Disconnected oot [rxt@) [[7xta) [lorata) [oswiei[sin lcrstar [ sy | wwvw.silaresearch.com
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S-TERM

= S-TERM v3.0

File Mode Option

Comport : a Baudrate : SeIeCt Comport
Tx: l:l Reset ‘ View : |Asci

5

Console
B S-TERM v3.0
File Mode Option

Comport : |E a Baudrate : |[E lv Databit: |8 | Select BaUd rate .

e I T e B This workshop select 9600.

Rx : |:| Reset

Console
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S-TERM

FHH ROHM GROUP
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Select view type.
This workshop select Ascii.

Baudrate : (1200 ~ Data bit : |8 v Stop bit : |1

0| Reset ‘ View :

New lineat: |[CR

V

Ascii

Hex
Ascii + Hex

= S-TERM v3.0

Qe L:::; = | Click File and select Open port.
~lose port F3 Baudrate : | 1200 v Dat:
Send file F4

B savetofile ciri+s il | Reset ‘V"EW Ascli

B Exit Ctrl+End
Console
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X S-TERM v3.0 = X
File Mode Option

Comport :  COM =1 Baudrate : 96 Databit : 8 Stop bit Partty : None Close port

‘ Rx 0| Reset || Tx 0 | | Reset | View : :Ascn v| Newlineat: (cR | [J i::;;:;:e Send type : m - SendEnd: [Jcr [JLF [JETX | [ Show macro

Console

For clear console Press key 'F11' in console or press button 'Clear console’ >> Clear

Datasend: | ‘ Send Data

S-TERM v3.0 Port open. peo()|[ rx(z) |[7x(3) [oTria) [osate) |[rsiz) [crsta)|[ Ruts) | wuww.silaresearch.com
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[

SEMICONDUCTOR

Data send : |<Start> | Send Data

S-TERM v3.0

m - O

© 2017 ROHM Semiconductor
© 2017 LAPIS Semiconductor

RI(9)

DTR(4) DSR[G]HRTS[?] cTsta)

Port open. |DCD[1} ‘ RX(2) ‘ TX(3) www.silaresearch.com

T N NN RN

Print message “<Start>". After that click Send Data.

(Thailand) Co., Ltd. Pichet Sriphomma pichet@es.co.th

Co., Ltd. All rights reserved
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[ S-TERM v3.0

File Mode Option

Conpon: CON? &1 satae: 50 Dmabe : paty - s After Send message

f [ 3] e [ [ ] e v ] weminess [ o] D2 | seenee e <Otart>" to MCU Board.
After that MCU Board return

_ Message “Connected->U00”

Data send : |<Start> Send Data
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Chapter 3 ADC

Import Project

|'¥ code Training Lapis - LEXIDE-U16

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help

T e e Right-click on project Explorer
&5 Project Explorer 2 B&|le Y= 0 and SeleCt Import-

i~ Chapter 1 GPIO
=5 Chapter 2 UART

New >
Go Into
Open in New Window
Show in Local Terminal >
= Copy Ctrl+C
Paste Ctrl+V
#& Delete Delete
Remove from Context Ctrl+Alt+5Shift+Down
Source >
Move...
Rename... 2
g Import...
&3 Export..
Clean and Build Project
Build Project
Clean Project
21 Refresh F5
Close Project
Clrea | Inralatad Praiacte
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Chapter 3 ADC

Import Project

Select General and choose

Select \g . g . .
Create new projects from an archive file or directory. H EXIStI ng PrOJeCtS Into
Workspace. Click Next.

» Import

Select an import wizard:

type filter text

~ [= General -~

& Archive File
=% Existing Projects into Workspace-
4 File System
1 Preferences
3 Projects from Folder or Archive

= CfC++

= Install

= LAPIS W

@ < Back Finish Cancel
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Import Project

[ Import

LEXIDE up the new window.
Click Browse.. at Select root directory.

Import Projects —
11 n

Select a directory to search for existing Eclipse projects. Choose Cha pter 3 ADC N
@ Select root directory: ~ | | Browse... FO | d e r W I n d OW .
(O Select archive file: Browse...

Browse For Folder
Projects:
Select All Select root directory of the projects to import
Deselect All
~
E— ¥ Downloads
. Favorites
v lexide
v Code Training Lapis
.metadata
Chapter 1 GPIO

Options Chapter 2 UART

[] Search for nested projects v Chapter 3 ADC

[[] Copy projects into workspace settings

["]Hide projects that already exist in the workspace Debug

Working sets source files

[ Chapter 4 12C

Add project t ki t New... ;
eSO e e RemoteSystemsTempFiles L
Working sets: Select... Test
workspace v
Eolder: Chapter 3 ADC
@ < Back Next > Finish Cancel Make New Folder Cancel
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Import Project

B Import

Import Projects = After choosing Project Click Finish.
Select a directory to search for existing Eclipse projects. A
@) Select root directory: | C\Users\pichet\lexide\Code Training Lapis\Chaptel | Browse...
(O Select archive file: Browse...
Projects:
Chapter 3 ADC (C\Users\pichet\lexide\Code Training Lapis\Chapter 3 AD Select All
Deselect All
Refresh
< >
Options
[[] search for nested projects
] Copy projects into workspace
| [ Hide projects that already exist in the workspace
Working sets
[] Add project to working sets Mew...
Y Working sets; Select...
I
® < Back Mext = Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Chapter 3 ADC

Import Project

File Edit Source Refactor Mavigate Search Project Run LAPIS Window .
Project Explorer.

N-HEl®-R -2 @~ BiNig-ra-E-@-itsr O
=

&5 Project Explorer 22 &|le = 0O

i~ Chapter 1 GPIO
=5 Chapter 2 UART
v =5 Chapter 3 ADC
wll Includes
(= Debug
(= source files

[ ML621367.A5M ‘
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Check Device

|'Y! Code Training Lapis - LEXIDE-U16

File Edit Source Refactor

MNavigate Search Project Run LAPIS Window Help

Him g |8~ | -Ri@-Biwig-@i~dr@-iterO~Q-ig
H

5 Project Explorer &

&|e v=0o

= Chapter 1 GPIO
=5 Chapter 2 UART
~ 15 Chapter 3 ADC

it Includ
& Debuc
(= source
[8 ML621

G E

MNew
Go Into

Open in New Window
Show in Local Terminal

Copy

Paste

Delete

Remaove from Context
Source

Move...

Rename...

Import...
Export...

Clean and Build Project
Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets
Index

Show in Remote Systems view
Run As

Debug As

Profile As

Team

Compare With

Restore from Local History...
Run C/C++ Code Analysis
Configure

Properties

Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+ Down

F2

F5

R R

Alt+Enter

nsole &
ADC]
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Right-click on a project folder
and select [Properties] .
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SEMICONDUCTOR

Select Device

D Properties for Chapter 1 GPIO

type filter text LEXIDE-U16 Settings N2
Resource
Builders Target MCU
~ (/C++ Build Category: ML62Q1000
Build Variables T ML62Q1300
Environment
Logging LSI: ML621367
Settings . . Toolchain
Tool Chain Editor AI the latest Toolchai
C/C++ General ways use the |atest Toolchain
LEXIDE-U16 Settings Wersion: (V2 01,00
Project References
Run/Debug Settings
Task Repository
WikiText
[
[
)
Restore Defaults Apply
@ Apply and Close Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Choose LEXIDE-U16 Settings
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Build Project

| ¥ code Training Lapis - LEXIDE-U16
File Edit Source Refactor Navigate Search Project Run LAPIS Window Help
i | B~/ vB @~ Binigvavdr@vivrOvrQvi

B&|le Y= 0O

5 Project Explorer 2

i= Chapter 1 GPIO
=% Chapter 2 UART
v (£ Chapter 3 Al
ki Includes
= Debug
= source file
[§ ML621367

CE

MNew
Go Into

Open in New Window
Show in Local Terminal

Copy
Paste

Delete
Remove from Context
Source
Move...

Rename...

Import...
Export...

Clean and Build Project
Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Tarnete

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Right-click on a project folder
and select [Build Project] to
start the build process.

Ctrl+C

Ctrl+V

Delete

Ctrl+Alt+5Shift+Down
>

F2

i

F5
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Chapter 3 ADC

Build Project

[V Code Training Lapis - LEXIDE-U16

ile it Source Refactor MNavigate Seard roject Run indow Help | When the build Succeeds

Imiihg |§3v'§_v@ @ EBnigvraiv [ dr@FrrQrGr®@o g =

o , an ABS file is generated.

[ Project Explorer 2 ==
=~ Chapter 1 GPIO
&% Chapter 2 UART
~ 2% Chapter 3 ADC
w Includes
~ = Debug
(= source files
2l Chapter 3 ADC.abs
= Chapter 3 ADC.map
L@ makefile
ML621367.0bj
5 ML621367.prn
| @ objects.mk
L@ sources.mk
@ subdir.mk
= source files
[8 ML621367.ASM

Tasks B Console 2 Properties
COT Build Console [Chapter 3 ADC]
Mapfile: Chapter 3 ADC.map

Total ROM usage = 81268  (6504)
Total RAM usage = @067A  (1658)

inkage completed.
inished building target: Chapter 3 ADC.abs'

10:04:47 Build Finished (took 7@8ms)
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R
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Initial MCU

System Clock

A 4

Scantime =0

A

y

UARTOO_RX_Interrupt

\ 4

Initial Port

A 4

—>| TimerO_Interrupt |

A 4

Scantime = 1 |

Initial TimerO

A 4

Initial UARTO

Scan

_ADC

A

y

Read BD1020_BH1680

A 4

UARTO0O0_Get Data

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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\ 4

UARTO0O_SendData

Count to 5999
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Enable ADC

A 4

Start Conversion

Scan_ADC

Read BD1020 ,BH1680

____________________________________

Calculation
For sensor

A

Conversi
on Finish

Result = SADRnN

A 4

Result >> 6

A 4

ADC_Value = result

___________________________________

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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A 4

Return Real ADC
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SEMICONDUCTOR

UARTOO_GetData < Start >

I = Buffer reg.

Index =1

Index =0

Index =0
Stop_UARTO0O
UARTO00 BD1020

Index =0
Stop_UARTO00
UARTO00_BH1680

Index =0

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Chapter 3 ADC

General Description

Channel ML62Q1300 group ML62Q1500 / ML62Q1700 group
no. 16pin 20pin 24pin 32pin 48pin 52pin 64pin 80pin 100pin
product | product | product | product product product product product product

0 ] [ ] L] ° [ ] ) L) ] )

1 L] [ ] ] ° [ ] ) L) ] )

2 L] [ ] L] ° [ ] ) L) L] )

3 ] ] ] ° [ ] ) L) ] )

4 - ] (] ° (] ) ® [ °

5 - ° (] ° [ ] ° ° ° °

6 L] [ ] L] ° [ ] ) ) ] )

7 L] [ ] [ ] ° [ ] ) L) ] )

8 - - - - . ° ° ° e

9 - - - - . ) . ° °
10 - - - - ] ] ° ° °
11 - - - - ] . ° ° °
12 - - - - - - - ° .
13 - - - - - - - ° °
14 - - - - - - - ° )
15 - - - - - - - () °

e: Available - : Unavailable
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Chapter 3 ADC

General Description

Voo ] >
Vss . > Successive
VRer approximation
A Selector p?ype A/D :l/
convertor SADR
155V SADRnN
. —> SADINT
Reference “eADUPL
voltage
to L_vorage | — SADLOL
AIN15 -
r Regulator
Selector > Selector
Temperature ADC Control reg.
Sensor
1 ADC Enable Reg.
SADTMOD l VREFCON ﬂ— 0 ’ ADC Mode Reg.
A HSCLK —>
LSCLK —>
TMOINT —>§ SADCON, SADENO0/1
TM1INT —>] SADMOD, SADSTM
reference voltage FTMOINT —> SADTRG
FTMAINT —>
control LTBCOINT —>|
N
\ 4 A 4 \ 4
Data bus
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General Description

ML62Q1500
MLOZQ1500 ML62Q1700
group group
Channel : Setting ]
no. Pin name Shared port Register Setting value sl ulenlralralrul® ol ele =
Om| 0o|lor|lOoON|Om|loNm|OR|OB|0 2
20|20 |20 |20 |27,(/27 (2T (27T 2§
0 AINO P17 | 8" Func. | PIMOD7 | 0111_0000 ° . . . . . . . .
1 AIN1 P20 | 8" Func. | P2MODO | 0111_0000 L . L . . . . . .
2 AIN2 P21 | 8" Func. | P2MOD1 | 0111_0000 ° . . o . . o . .
3 AIN3 P22 | 8" Func. | P2MOD2 | 0111_0000 L . L L . . . . .
4 AIN4 P24 | 8" Func. | P2MOD4 | 0111_0000 - . L L . . . . .
5 AIN5 P25 | 8" Func. | P2MOD5 | 0111_0000 - . L . . . . . .
6 AIN6 P26 | 8" Func. | P2MOD6 | 0111_0000 L . L L . . . . .
7 AIN7 P27 | 8" Func. | P2MOD7 | 0111_0000 L . L . . . . . .
8 AIN8 P65 | 8" Func. | PBMOD5 | 0111_0000 - - - - . ) . . .
9 AINS P66 | 8" Func. | PBMOD6 | 0111_0000 - - - - . . ° . .
10 AIN10 | P43 | 8" Func. | PAMOD3 | 0111_0000 - - - - . . . . .
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Chapter 3 ADC

SA-ADC Result Register n

Symbol name Channel
SADRO The conversion result of channel 0 (AINO)
SADR1 The conversion result of channel 1 (AIN1)
SADR2 The conversion result of channel 2 (AIN2)
SADR3 The conversion result of channel 3 (AIN3)
SADR4 The conversion result of channel 4 (AIN4)
SADRS The conversion result of channel 5 (AINS)
SADRG6 The conversion result of channel 6 (AING)
SADRY7 The conversion result of channel 7 (AIN7)
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Concept

Sensor
BH1680
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Chapter 3 ADC

Concept

Sensor
BH1680
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BH1680FVC

This IC can detect the illuminance from OIx to 50000Ix.
Supply voltage operates from 2.4V to 5.5V.
Supply Currentl ( Operate ) 75 pA.

llluminance detection range [IX] Gain Mode
~100 H-Gain Mode
~1,000 M-Gain Mode
~50,000 L-Gain Mode

M-Gain mode

V.

iout

=0.61x10°xE, xR1
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Temperature Sensitivity (Vee)
2.9
Voo=3V 1-1.9
20 Slope =
ST 70—(—40)
215 | \\
5 N Slope = - 8.1818 x 10°
S 10 | —
H - N Slope ~ -8.2 [mV/C]
© 05
0.0

-40 -20 0 20 40 60 80 100

Temperature : Ta [°C]

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.172

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved




Chapter 3 ADC LAPIS M
BD1020HFV
Electrical Characteristics
(Unless otherwise specified, Vop=3.0V, Ta=25°C)
Limit . "
Parameter Symbol Min Tyo Max Unit Conditions
- - 1.5 Ta =30°C
Accuracy Tacc - - 2.5 °C Ta=100°C
- - 2.5 Ta =-30°C
Temperature Sensitivity VsE -8.4 -8.2 -8.0 mV/°C
Supply Current Is - 4.0 7.0 MA
Output Voltage VouTt 1.288 | 1.300 1.312 Y Ta = 30°C
Output Voltage Line Regulation AVoutvob - - 4 mV Vop= 2.4V to 5.5V
Output Voltage Load Regulation AVouTRL - - 1 mV Difference of lout: OWA/0.7pA

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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BD1020HFV
Output Voltage
Find linear equations : V.. [mV]=-8.2T,[CmV/C]+246[mV]+1300[mV]
AtT,=30C V,, =13V
V,.[mV]=-8.2T, [CmV/C] +1546[mV]
y_yo:m(x_xo) t
V,, [mV]-1546[mV]
Vour = Vousoc = Vse (Ta - TaSOC) Ta [C] B —8.2[mV/ C]
Vou = Vse (Ta — Taaoc ) +Voutsoc T [C] — (_V"“‘ [V] xlOOO) +1546[mV]
; 8.2[mV/C]
V, [MV]=-8.2[mV/C](T,[C]-30[C])+1300[mV]
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. Pichet Sriphomma pichet@es.co.th P.174
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Set ADC Pin (adc .C) 17.2.3 Port n Mode Register 01 (PnMODO01:n=0t0 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pnl pin.
See Table 17-2 “List of Registers / Bits™ to check avaible pins and bits.

. ) . Wirte “0™ to the bits of PnMODO1 register that have no corresponding pin.
void Set_ADC_Pind(void)

{ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P24IE=0;P240E=0;P240D=0;P24PU=0; / Word PnMODO1

, P24I'-‘II}3=B,'P24MI}2=1;P24MI}1=1;P24MDB=1# Byte PAMOD1 PrVMODO

7 Bit P"13MD P";MD p"11MD p“LMD Pn10D|Pn1PU|Pn10E| PniIE p“%MD P"gMD P”%MD P”%MD PROOD| PnOPU|PROOE| PnoOIE

void Set_ADC_Pin5(void)

{ RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
P25IE=0;P250E=0;P250D=0;P25PU=0; / Initiad 0 0 0 0 0 0 0 0 0 0 0 0 . 0 .
P25MI}3:B;P25MI}2:1;P25MDl:1;P25MDE:1,h Vi'ue . . .

) :The initial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

Pn1MD3 to This bit is used to choose the shared function of Pn1 pin.

Pn1MDO For the details of the shared function, see Table 1-7 "ML62Q1300 Group Pin List", Table 1-8

"ML62Q1500 Group Pin List" and Table 1-9 "ML62Q1700 Group Pin List".
0000:  Primary function (initial value)
0001: 2" function
0010: 3" function
0011: 4" function
0100: 5" function
0101: 6" function
0110: 7" function
0111: 8" function
1XXX: Do not use (Primary function)
X:0or 1 (don't care)
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.175
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Initial ADC (adc.c)

void Init_ADC(void)
{

23.2.14SA-ADC Reference Voltage Control Register (VREFCON)

VREFCON is a special function register (SFR) used to choose the internal reference voltage operation and control the
operation of the temperature sensor,.

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

. Address: 0xF83A(VREFCON)
J/Set _ADC_Pin@(}; Access: RW
. . Access size: 8bit
ijEt—ADC—P:,ml l: } * Initial value: 0x00
J/Set ADC_Pin2(};
J/Set _ADC_Pin3(}; 1% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Set ADC_Pind(); Word .
Set_ADC_Pin5(); Byte - VREFCON
//Set_ADC_Piné(); s | Lo o weeeRwvRerr| | | . VReFg
J/Set ADC_Pin7(}; 1 0 N
J/Set _ADC_Pin8(}; RW R R R R R R R R R R RW RW R R R RW
ijet_.ﬂ.DC_P%ng (3; Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
//Set _ADC_Pinle(); value
//Set_ADC_Pinl1(); VREFP1, These bits are used to choose the reference voltage for the A/D conversion.
VREFPO 00: Voltage input from the VDD pin (Initial value)
/{ VREFCOMN 01: Voltage input from the VREF pin
VREFEN = @; Iy e internal 10: Voltage generated by the internal reference voltage circuit (approx.1.55V)
VREFP1=0;VREFF@=0; lect VDD as 11: Do not use (Voltage input from the VDD pin)
- Reserved bit
/{ SADMOD VREFEN This bit is used to enable the operation of internal reference voltage and the temperature
SALP = @; // Single conversion sensor. When using the internal reference voltage (approx. 1.55V) or temperature sensor, set
SACK2=0; SACK1=0; SACKe=0; // At PL the VREFEN bitto ™",
. 0: Disable the operation of internal reference voltage and temperature sensor
// Clock Peroid (Initial value)
SASHT3=1;5ASHT2=0;SASHT1=1; SASHT@=0; 1: Enable the operation of internal reference voltage and temperature sensor
[/ this sett
SAINIT = 1; // Discharge sample |
// SADEN®
r
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.176
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Initial ADC (adc.c)

23.2.6 SA-ADC Mode Register (SADMOD)

void Init_ADC(void)

SADMOD is a special function register (SFR) used to set the operation mode and operating clock frequency of the A/D

converter. The bit symbol "rsvd" means a reserved bit, write "0" to those bits.

Address: 0xF828(SADMODL/SADMOD), 0xF829(SADMODH)
{
//Set_ADC_Pinad(); ﬁccess: - 5/1\/23/5
//Set_ADC_Pinl(); il valie: 00000
J/Set ADC_Pin2(};
//Set_ADC_Pin3(); 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Set_ADC_Pind(); Word SADMOD
Set_ADC_Pin5(); Byte SADMODH SADMODL
ﬁ j zei—igg—ﬁ%n? E ;5 Bit | rsvd | rsvd | rsvd | rsvd | rsvd | rsvd | rsvd |[SAINIT[SASHTISASHTISASHTISABHTISAckoIsAckisacKo| sALP
erT_ _F1n 3
//Set_ADC_Pin8(); RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
//Set_ADC_Pin9(); '”ilﬂa' o o o o ©0 o0 ©0O ©0 O 0 ©0 0 0 0 0 0
//Set_ADC_Pin1@(); vaie
J//Set_ADC_Pinl11(); SACK2 to These bits are used to choose the frequency of the A/D conversion operating clock
SACKO (SAD_CLK). See Chapter 24.3.2 "A/D Conversion Time Setting" for the operating clock, A/D
// VREFCON conversion time and sample time.
VREFEN = @; // Disable internal gg? ‘m:: (Initial value)
VREFP1=0;VREFP@=0; // Select VDD as 010:  9MHz
011:  1MHz
// SADMOD 100:  0.5MHz
SALP = @; // Singl ersion 101: Do not use
SACK2=0;SACK1=0;SACKe=0; At PL 110: Do not use
// Clock Peroid 111:  32kHz
SASHT3=1;SASHT2=0;SASHT1=1;SASHTO=0; SALP This bit is used to choose whether the A/D conversion is performed once only for each
// this set channel or consecutively. The conversion interval time in the consecutive scan A/D
SAINIT = 1; /] D iSEhanE sample conversi?n mode is specifigd in thg SADSTM register.
0: Single A/D conversion (Initial value)
// SADEN® 1. Consecutive scan A/D conversion
}

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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|n|t|a| ADC (adcc) 23.2.6 SA-ADC Mode Register (SADMOD)

SADMOD is a special function register (SFR) used to set the operation mode and operating clock frequency of the A/D

void Init_ADC(void) converter. The bit symbol "rsvd" means a reserved bit, write "0" to those bits.
{ . Address: 0xF828(SADMODL/SADMOD), 0xF829(SADMODH)
J//Set_ADC_Pin@(); Access: RW
. ) Access size: 8/16bit
//Set_ADC_Pinl(); Initial value:  0x0000
J/Set ADC_Pin2(};
J/Set _ADC_Pin3(}; %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Set ADC_Pind(); Word SADMOD
Set_ADC_Pin5(); Byte SADMODH SADMODL
Set ADC Pin6();
ﬁjs ot ADC_Pin; E ;’, Bit [ rsvd | rsvd | rsvd | rsvd | rsvd | rsvd | rsvd [SAINITISASHTISASHTISASHTISASHTIS A crealsackjsacKo| sALP
— - >
//Set_ADC_Pin8(); RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
J/Set ADC_Pin9(}; Initial
//Set_ADC_Pin10(): Vol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
//Set_ADC_Pin11(); SAINIT This bit is used to control whether or not to discharge the electrical charge remained in the

// VREFCON
VREFEN = @; // Disable inter
VREFP1=0;VREFP@=0; // Select VL

// SADMOD

sample hold capacitor on the previous A/D conversion, before starting the next SA-ADC
conversion.
0: Start the A/D conversion without discharging the electrical charge accumulated in the
sample hold capacitor (Initial value)
1: Start the A/D conversion after discharging the electrical charge accumulated in the
sample hold capacitor

SALP = @; // Single conver SASHT3 to
SACK2=0;SACK1=0;SACKe=0; // £ SASHTO

These bits are used to set the sampling time.
See Chapter 24.3.2 "A/D Conversion Time Setting" for details.

/1 Clock Peroid -
SASHT3=1; SASHT2=0; SASHT1=1; SASHT@=0 -

[/ this sett
SAINIT = 1; - Discharge sample |

// SADEN®

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet
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Conversion time

Figure 23-6 shows the operation waveforms when the continuous A/D conversion 1s performed using channel 0.

n

N

evesok [ LM, LT, TLM I, M

SARUN bit ____| ?

(

{
n

A/D converting

Conversion time

(.
7

Conversion time

((
N

|

((
T

A/D conversion / ﬂ «
onh channel O I\
T |
Discharge I ! «
1 1 7
) \ ﬂ—‘};—|
Samplin
pling Ny «
VSampling time
SADINT
(SA-ADC interrupt) s
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Conversion time

Table 23-3 A/D Conversion time when using Vpp or Vrer pin as reference voltage

SADMOD . _ Conversion time””
onversion SAD_CLK
clock count
SASHT[3:0] 32kHz 0.5MHz 1MHz 2MHz 4MHz 8MHz
0 0 0 0 14 427 us 28 ys Prohibited -
Prohibited .
0 0 0 1 15 30 ps 15 us Prohibited .
Prohibited
0 0 1 0 16 32 ps 16 ys 8 us
0 0 1 1 17 34 ps 17 us 8.5 us 4.25 us
0 1 0 0 18 36 ps 18 us 9 us 4.5 ps 2.25 ps
0 1 0 1 19 38 s 19 ps 9.5 us 475 us 2.375 us
0 1 1 0 20 40 ps 20 s 10 us 5 s 2.5 s
0 1 1 1 21 42 us 21 Us 10.5 s 5.25 ps 2.625 s
1 0 0 0 29 Prohibited 58 ps 29 us 14.5 s 7.25 ps 3.625 ps
1 0 0 1 45 90 ps 45 pus 22.5 ps 11.25 ps 5.625 ps
# 1 0 1 0 61 122 ys 61 ps 305us | 15.25us | 7.625 s
1 0 1 1 7 154 ps 77 us 38.5 ps 19.25 ps 9.625 ps
1 1 0 0 93 186 us 93 us 46.5 s 23.25us | 11.625 us
1 1 0 1 109 218 us 109 us 54.5 ps 27.25us | 13.625 us
1 1 1 0 125 250 ps 125 us 62.5 s 31.25 us | 15.625 ps
1 1 1 1 141 282 us 141 us 70.5 ps 38.25 us | 17.625 pus

*1: The A/D conversion time does not include discharging time (two clocks of the SAD_CLK) and the clock frequency error.
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Sampling time

Table 23-5 Sampling time when using Vop or Vrer pin as reference voltage

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

SADMOD Sample/ Sampling time
hold SAD_CLK

SASHT[3:0] clock count | 3ok 0.5MHz 1MHz 2MHz 4MHz 8MHz

0 0 0 0 1 30 us 2 us Prohibited .
Prohibited .
0 0 0 1 2 4 s 2 Us Prohibited "
Prohibited
0 0 1 0 3 6 ps 3 Us 1.5 s
0 0 1 1 4 8 s 4 s 2 Us 1 s
0 1 0 0 5 10 us 5 s 2.5 s 1.25 us 0.625 ps
0 1 0 1 6 12 ps 6 ps 3 s 1.5 s 0.75 ps
0 1 1 0 7 14 us 7 s 3.5 s 1.75 ps 0.875 ps
0 1 1 1 8 16 ps 8 s 4 us 2 s 1 s
1 0 0 0 16 Prohibited 32 s 16 ps 8 us 4 us 2 s
1 0 0 1 32 64 ps 32 Us 16 ps 8 ps 4 s
1 0 1 0 48 96 us 48 us 24 us 12 s 6 Us
1 0 1 1 64 128 ps 64 us 32 us 16 s 8 Us
1 1 0 0 80 160 ps 80 ps 40 ps 20 ps 10 ps
1 1 0 1 96 192 us 96 us 48 us 24 |s 12 s
1 1 1 0 112 224 ps 112 ps 56 s 28 s 14 ps
1 1 1 1 128 256 ps 128 us 64 us 32 us 16 ps
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Sampling Time Setting

_________________________________________

i Internal equivalent circuit
AD

R input pin R2 i
L AVAYAY AYAVAY :
Signal source Crara = Csampe
Vop R[kQ] CsawpLe[PF]
1.8 VSVpp=s2.2V 500k 5pF
2.2 VVpp<2.7V 100k 5pF
2.7 V<Vpp<4.5V 8k 5pF
4.5 VVpps5.5V 7K 5pF
Sampling time > 8Cs ypeR>
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Scan ADC (adc.c)

void ScanADC(void)
{

static unsigned char index=0;

//GetADC(0,index); i
//GetADC (1, index) Receive ADC value from Channel 4,5
//GetADC(2,index);

//GetADC(3,index);

GetADC(4,index);

GetADC(5,index) ;

//GetADC(6,index);

//GetADC(7,index);

//GetADC(8,index);

//GetADC(9,index);

//GetADC(10,index);

//GetADC(11,index);

index = ++index%8;
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Get ADC (adc.c)

void GetADC(unsigned char ch,unsigned char id

{

unsigned int result;

SADEN® = ADC_CH[ch]; -

SARUN = 1;
__asm("nop");
_asm("nop");
_asm("nop");
—asm("nop");

while(SARUN == 1)
_asm("nop"};

result = Get ADC_Result(ch);
ADC_Buf[ch][id] = result»»6;
ADC_Value[ch] = Average8(ch);

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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23.2.8 SA-ADC Enable Register 0 (SADENO)

SADENO is a special function register (SFR) used to choose channels of the A/D converter and enable/disable the
conversion.

Address: 0xF82C(SADENOL/SADEND), 0xF82D(SADENOH)
Access: R/W

Access size: 8/16bit

Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Word SADENO
Byte SADENOH SADENOL
Bi SACH1[SACH1|SACH1/SACH1|SACH1SACH1/SACHO|SACHO[SACHO|SACHO[SACHO[SACHO|SACHO|SACHO[SACHO[SACHO]
it 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

U:::.{ o o o o o0 o0 0 O0o ©0 ©O0 ©O0 ©O0 0 0 0
SACH15 to These bits are used to choose channel n (n=0 to 15) of the A/D converter and
SACHO00 enable/disable the conversion.

SACHO00: Enable or Disable the A/D conversion on channel 0
SACHO1:  Enable or Disable the A/D conversion on channel 1
SACHO02: Enable or Disable the A/D conversion on channel 2
SACHO03: Enable or Disable the A/D conversion on channel 3
SACHO04: Enable or Disable the A/D conversion on channel 4
SACHO05: Enable or Disable the A/D conversion on channel 5
SACHO06: Enable or Disable the A/D conversion on channel 6
SACHO7:  Enable or Disable the A/D conversion on channel 7
SACHO08: Enable or Disable the A/D conversion on channel 8
SACHO09: Enable or Disable the A/D conversion on channel 9
SACH10:  Enable or Disable the A/D conversion on channel 10
SACH11:  Enable or Disable the A/D conversion on channel 11
SACH12:  Enable or Disable the A/D conversion on channel 12
SACH13:  Enable or Disable the A/D conversion on channel 13
SACH14: Enable or Disable the A/D conversion on channel 14
SACH15:  Enable or Disable the A/D conversion on channel 15

0: Disable the conversion on channel n (initial value)

1:  Enable the conversion on channel n
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Get ADC (adc.c) 23.2.7 SA-ADC Control Register (SADCON)

SADCON is a special function register (SFR) used to control the operation of the A/D converter.

void Ge‘tADC(unsigned char ch unsigned char id) Address: 0xFB82A(SADCONL/SADCON), 0xF82B(SADCONH)
’ Access: RW
{ Access size: 8/16bit
unsigned int result; Initial value: 0x0000
SADEN® = ADC CH Ch]' 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
- — 3
SARUN = 1; h Word SADCON
_asm{"nop"); Byte SADCONH SADCONL
_asm("nop"}; ar |- i i i i i i i i i i i i _ [SATGE|SARU
__asm("nop"); N | N
__asm("nop™); RW R R R R R R R R R R R R R R RW RW
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
while(SARUN == 1) value
_asm(nmu);
SARUN This bit is used to start or stop the A/D conversion.
result = Get_ADC_Result(ch); Write "1" to this bit to start the A/D conversion, and "0" to stop it.
ADC_Buf[ch][id] = result>>6; When "0" is written to SALP bit and the A/D conversion on the largest number of channel is
ADC Value[ch] = Average8(ch); ended, this SARUN bit is automatically reset to "0".
L When "1" is written to SALP, the A/D conversion repeats until the SARUN bit is reset to "0" by
the software.

0: Stop the A/D conversion (Initial value)
1: Start the A/D conversion
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void GetADC(unsigned char ch,unsigned char id)

{

Get ADC (adc.c)

unsigned int result;

SADEN® = ADC_CH[ch];
SARUN = 1;
_asm("nop");
_asm("nop");
_asm("nop");
—asm("nop");

while(SARUN == 1)
_asm("nop");

result = Get_ADC_Result(ch};
ADC_Buf[ch][id] = result>>6;
ADC_Value[ch] = Average8(ch);

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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( Start )

\ 4 —
SADENO =
ADC CHich L Enable Channel
\ 4 -
Set SADCON » Set SARUN } Start Conversion
s 9@ Flag SARUN 31 ADC udasidSansad ?
o sanen) ADC_Buf tJu Buffer #ildiiudayadiu
! ADC_Value lu Buffer ildinudayaiiiade
ADC_Buf[ch][id] Wa2 (%15 8)
=result>>6 — o e d
dayamnulilu Buffer ADC_Buf MUy 16 Bit
v wei ADC «Ju 10 Bit fatiudaadau Bit %ayaﬁ'
ADC_Value[ch] ' %8 16 Bit = 14 $4 10 Bit
= Averages(ch) LN it t@aulunisutu i
v
END
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Get ADC Result (adc.c)

23.2.2 SA-ADC Result Register n (SADRn : n=0 to 15, 16)

SADRn is a special function register (SFR) used to store the SA-ADC conversion results on channels 0 to 15 and channel

16 (temperature sensor).

The A/D conversion result of each channel can be read from SADRn.

unsigned int Get_ADC_Result(unsigned char cun)

{
switch (ch)
{

case
case
case
case
case
case
case
case

LN s BV I R U N R

default:

return(SADR@) ;
return(SADR1);
return(SADR2);
return(SADR3);
return(SADR4) ;
return(SADRS) ;
return(SADRG) ;
return(SADR7Y) ;

return @;

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Symbol name

Channel

SADRO The conversion result of channel 0 (AINO)
SADR1 The conversion result of channel 1 (AIN1)
SADR2 The conversion result of channel 2 (AIN2)
SADR3 The conversion result of channel 3 (AIN3)
SADR4 The conversion result of channel 4 (AIN4)
SADRS5 The conversion result of channel 5 (AIN5)
SADRG6 The conversion result of channel 6 (AING)
SADR7 The conversion result of channel 7 (AIN7)
Access: R
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 0
Word SADRn
Byte SADRnH SADRnL
Bit | d15 | d14 | d13 | d12 | d11 | d10 | d9 | d8 | d7 | d6 - - - -
RW R R R R R R R R R R R R R R R
el s 9 o o o o o0 o 0 0o 0 0 0 0
value
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Average8 (adc.c)

unsigned int Average8(unsigned char ch) Find the average of ADC value

{
unsigned char 1i; all 8 values

unsigned int sum=0;

for(1=0;1<8;1++)
sum += ADC Buf[ch][1i];

return(sum /8);
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BD1020 Read (adc.c)

-void BD102@_Read_Temp(void){

unsigned int vin; (—Vout [V]X1000)+1546[mV]
float TIN; '|'a [C] —
8.2[mV/C]
//vin = SADR4;
vin = Avg ADCA4;
S s S S s o  S S o S o E  o o  SESE S SSESBSR SR S o o S S o O S o o R = VCC
j OUt_ in 1024

// Calculations for Temp Sensor - BD1020

J/ Math: ADC Voltage = sensorValue * (VCC/1824)

// Tempurature = - (1000 * ADC_Voltage - 1546) / 8.2
J/TIN = (1546-(1000* (vin*((float)Vcc/4096))))/8.2;
TIN = (1546-(1000% (vin*((float)Vcc/1024))))/8.2;

Real ADC4 = TIN;
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BH1680 Read (adc.c)

void BD168@_Read_ALS(void){

unsigned int vin;
float EV;

float R1 = 11000;
float H_const = 6.1;
float M const = ©.61;

J e i

//vin = SADRS;
vin = Avg ADCS;

JERREERRREERREE KRR KRR R R RS

// Calculations for ALS - BD168&8©

J/ Math: ADC Voltage = sensorValue * ~(VCC/4096)
// H-Gain Mode: Viout = 6.1% (10~(-6)) * EV *R1
// M-Gain Mode: Viout = @.61* (10~(-6)) * EV *R1
// L-Gain Mode: Viogut = @.061* (10~(-6)) * EV *R1

EV = (vin*((float)Vcc/1024)/(R1*M const*0.000001));
//EV = (((vin*((float)Vcc/4096))/R1)/(H_const*0.000001));

Real _ADC5 = EV;

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

V.

out

=0.61x10°xE,, xR1

V.

out

E. =
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Concept
s L o --
ST,SL <Hundreds — Thousands><Tens><decimal>
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UARTOO BD1020 (uart0.c)

Example
':{mid UART@@_BD10820@(void) ADC Value of BD1020 (Real ADC4) = 30.24
unsigned int i=0; —
Sensor_Index = 0. 1. ADC4_float =30.24
ff**************** Temper‘atur‘e Sensop O EEHRR R EORK
1 ApC4_float = Real ADC4; 2. ADC4 int=30
2 ADCA_int = ADCA float; el _ _
3 ADC4_point = (ADC4_float - ADC4_int)*100; 3. ADC4_point = (30.24 30)*100 = 24
/ ADC4_Char_High = (ADCA_int & OxFF00)>>8; 4. ADC4 Char_High = 0x0030 & 0xFF00 = 0x0000
5 ADCA_Char_Low = ADCA_int & OxQOFF; = 0x0000 >> 8 = 0x0000
cl Buff ;
car Buffer( 5. ADC4_Char_Low = 0x0030 & 0x00FF = 0x0030
UART@@ TX Buf[@] = ADCA Char High;
UART@@ TX Buf[1] = ADCA Char_Low;
UART@® TX Buf[2] = ADCA point; UART TX Buf[0]=0
TXDO@_Index = @ UART _TX Buf[1]=30
Flag. TXD0® = 1;
Sensor_Index = 1; —
Set_UARTO TX(): UART _TX Buf[2] =24
RXD@@_Index = @;
//Flag._RXDe@ = @;
}
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UARTOO BH1680 (uart0.c)

Example
j{mid UART@@_BH1680(void) ADC Value of BH1680 (Real ADCS5) = 240.68
unsigned int i=0; —
e e 6. 1. ADC5_float = 240.68
[ [FExxERskamoooook apbjent Light Sensor *¥ssksks
1 Apcs float = Real ADCS; 2. ADC5 _int =240
2 ADC5_int = ADC5_float; _ 3. ADC5_point = (240.68 — 240)*100 = 68
3 ADC5_point = (ADC5_float - ADCS5_int)*1e0; -
4 ADC5_Char_High = (ADC5_int & OxFF00)>>8; 4. ADCS_Char_High = 0x0240 & 0xFF00 = 0x0200
5 ADC5 Char_Low = ADC5_int & @x00FF; = 0x0200 >> 8 = 0x0002
Clear_Buffer();
5. ADCS_Char_Low = 0x0240 & 0x00FF = 0x0040
UART@O® TX Buf[@] = ADCS5_Char_ High;
UART@®_TX_Buf[1] = ADC5_Char_Low;
UART@®_TX Buf[2] = ADC5 point;
TXDOO_ Index — 0 UART _TX Buf[0]=2
Flag._TXD@® = 1;
Sensor_Index = 1; UART _TX Buf[1]=40
Set UART@®_TX();
UART_TX_Buf[2] = 68
RXD@®_Index = @;
//Flag. RXD0OQ = 8;
h
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Connection ES-ICD-V1 ,Sensor Shield and Module

oN
>
v
-

o

=1
£
(]

ALL-2W1030431

Sensor

BD1J2GHFV
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Using the application

Step 1 Connect MCU Board with Bluetooth

¥k ¥ N 0a% @ 1797 L. %0 F N 4% 17:17 w.
€ vaws @ : € uays 9 :
‘e @ e ®
aunsali {owle )

aunsalidueud

‘J:[ ES_BT003 #D ES_BT003 o

% 57:20.DD:93:24:26 S

% 57:20:DD:93:24:26
. HUAWEI Mate 20 neung

. HUAWEI Mate 20 neung
L1 PARISA

L[] PARISA
p < 6E:05:5A:A2:B8:67

%  6E:05:5A:A2:B8:67
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Chapter 3 ADC

Using the application

Step 2 Open application and click “Bluetooth Check”

M > 40 1 94% @ 17:19 u.

ES

# BLUETOOTH CHECK
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Chapter 3 ADC

Using the application

Step 3 Choose device and connect

94% 0 17:19 u.

BLUETOOTH CHECK

ES_BT003
A4:CF:12:18:76:66
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Chapter 3 ADC

Using the application

Step 4 After connected this app Show button to choose

20 F 94% W 17:19 u.

TEMPERATURE: BD1020
AMBIENT LIGHT: BH1680

ACCELEROMETER: KX023
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Using the application

Step 5 if you choose “Temperature : BD1020” this app show Signal graph
Of BD1020 (picture 1) but you choose “ Ambient Light : BH1680” this app
show signal graph of BH1680 (picture 2)

20T 0 94% W 17:19u. = 30 -V 2 94x0 1720w
@ @ .
Temperature: BD1020 Ambient Light: BH1680
T:27.0°C L: 560.0 lux
100 1,000
. | Temp
78 750
T 67 E
T 56 z
2 2 500
3 4 E
£ 133 5
o £
- < 250
11
07 2 3 8 1 07 7 3 B T
Time(sec) Time(sec)
| () ] P @ ]
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Chapter 4 12C

Import Project

|'Y code Training Lapis - LEXIDE-U16

File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help H _ H -
[ e Right-click on project Explorer
[ Project Explorer 52 E&|e Y= O and SeleCt Import-

i= Chapter 1 GPIO
=5 Chapter 2 UART
=5 Chapter 3 ADC

MNew >

Go Into

Open in New Window
Show in Local Terminal >

Copy Ctrl+C
Paste Ctri+V
Delete Delete
Remove from Context Ctrl+Alt+Shift+Down
Source >

Move...

Rename... F2
oo {
Export...

Clean and Build Project
Build Project

Clean Project

2] Refresh F5
Close Project

DR I T PR T S D

C. &
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Import Project

Select General and choose

Select \g . g . .
Create new projects from an archive file or directory. H EXIStI ng PrOJeCtS Into
Workspace. Click Next.

» Import

Select an import wizard:

type filter text

~ [= General -~

& Archive File
=% Existing Projects into Workspace-
4 File System
1 Preferences
3 Projects from Folder or Archive

= CfC++

= Install

= LAPIS W

@ < Back Finish Cancel
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Import Project

[ Import

LEXIDE up the new window.
Click Browse.. at Select root directory.

Import Projects ’__i/
17 n
Select a directory to search for existing Eclipse projects. -l Choose Cha pter 4 IZC |n
@ Select root directory: ~ | | Browse... | FO | d e r W I n d OW .
(O Select archive file: Browse...
Projects: 3
#l Browse For Folder
Select All
Select root directory of the projects to import
Deselect All
Refresh
¥ Downloads A
\ Favorites
v lexide
v Code Training Lapis
metadata
Chapter 1 GPIO
Options Chapter 2 UART
[[] Search for nested projects — Chapter 3 ADC
["] Copy projects into workspace v Chapter 4 12C
["]Hide projects that already exist in the workspace d settings
Working sets g Debug
a )
["] Add project to working sets New... source files
RemoteSystemsTempfFiles
Working sets: Select... o Test
workspace v
Folder: Chapter 4 I2C
@ < Back Next > Finish Cancel Make New Folder Cancel
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Chapter 4 12C

Import Project

[ Import X
import Projects = After choosing Project Click Finish.
Select a directory to search for existing Eclipse projects. A
@ Select root directory: | C\Users\pichet\lexide\Code Training Lapis\Chaptel ~ | Browse...
() Select archive file: Browse...
Projects:
Chapter 4 12C (C\Users\pichet\lexide\Code Training Lapis\Chapter 4 12C} Select All
Deselect All
Refresh
< >
Options
[]Search for nested projects
[] Copy projects into workspace
| [Hide projects that already exist in the workspace
Working sets L
[ Add project to working sets Mew...
Working sets: Select...
@ < Back Next > Cancel
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Import Project

IV code Training Lapis - LEXIDE-U16 .
, : : , Then appear the project on
File Edit Source Refactor MNavigate Search Project Run .

o B~ R~ 5 @D Wi~ 6~ [d~ Project Explorer.

BE%|s v= 6

&5 Project Explorer &2
= Chapter 1 GPIO
== Chapter 2 UART
=5 Chapter 3 ADC

~ == Chapter 4 12C
il Includes
= Debug
= source files

[8) ML621367.ASM ‘
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Check Device

Code Training Lapis - LEXIDE-U16

File Edit Source Refactor Navigate Search Project Run LAPIS Window Help
N |§\3v%v@@va\@vﬁﬁvlﬁv@vf¢;v0vq
5 Project Explorer &2 =3 | O

1= Chapter 1 GPIO
=5 Chapter 2 UART
=5 Chapter 3 ADC

- =g

Right-click on a project folder
and select [Properties] .

~ = Ch c

A

New
Go Into

Open in New Window
Show in Local Terminal
Copy

Paste

Delete

Remove from Context
Source

Move...

Rename...

Import...

Export...

Clean and Build Project
Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets
Index

Show in Remote Systems view
Run As

Debug As

Profile As

Team

Compare With

Restore from Local History...
Run C/C++ Code Analysis
Configure

Properties

Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+ Down

F2

F5

5 | B Console &
> lapter 412C]

Alt+Enter
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Select Device

D Properties for Chapter 1 GPIO

type filter text LEXIDE-U16 Settings N2
Resource
Builders Target MCU
~ (/C++ Build Category: ML62Q1000
Build Variables T ML62Q1300
Environment
Logging LSI: ML621367
Settings . . Toolchain
Tool Chain Editor AI the latest Toolchai
C/C++ General ways use the |atest Toolchain
LEXIDE-U16 Settings Wersion: (V2 01,00
Project References
Run/Debug Settings
Task Repository
WikiText
[
[
)
Restore Defaults Apply
@ Apply and Close Cancel

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Build Project

|V code Training Lapis - LEXIDE-U16 nght_cllck on a proJect folder

File Edit Source Refactor Mavigate Search Project Run LAPIS Window Help

Hellera-a @B NnErerererw-o-a-me s and select [Build Project] to
% Project Explorer sl start the build process.

= Chapter 1 GPIO

=5 Chapter 2 UART

=5 Chapter 3 ADC

~ == Chapter 4 12C

! Includ Mew >
= Debuc Go Into
(= source
[8 ML62"

Open in New Window
Show in Local Terminal >

Copy Ctrl+C
Paste Ctrl+V
Delete Delete
Remove from Context Ctrl+Alt+5hift+Down
Source >

Move...
Rename... F2

Import...
Export...

Clean and Build Project
Build Project
Clean Project

21 Refresh F5
Close Project

G B

Close Unrelated Projects

Build Configurations > Lnsole 52

Propertie

Build Targets L
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Build Project

T

Code Training Lapis - LEXIDE-U16

File Edit Source Refactor Navigate Search Prgject Run LAPIS Window Help
g | B ~R -G @~ Dinigvair @ H~O Q@™o 5~
[t5 Project Explorer 2 F&|le v=0
= Chapter 1 GPIO
=% Chapter 2 UART
=% Chapter 3 ADC
~ % Chapter 4 12C
& Includes
~ (= Debug
= source files
=l Chapter 4 12C.abs
|5l Chapter 4 12Cmap
L& makefile
L@ objects.mk
L& sources.mk
L@ subdir.mk
(= source files
[8 ML621367.A5M

Problems Tasks B Console 2 Properties
CDT Build Console [Chapter 4 12C]

10:18:27 **** (lean-only build of configu
make clean

rm -t ./source\ files/VLS.prn ./source\ -

10:18:28 Build Finished (took 491ms)

When the build succeeds
, an ABS file is generated.
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( Start )

A 4

Initial MCU

Y
| Initial KX023 |

A

Scantime =0

\4

UARTO00_RX_Interrupt

A4

______ Initial MCU_
System Clock » TimerO_Interrupt
v E \ 4
Initial Port Scantime = 1
A\ 4 i
Initial TimerO :
' Count to 5999
v |
Initial UARTO |

A 4

Read Acceleration

\ 4

Scan_ADC

\ 4

Read_BD1020_BH1680

A\ 4

UARTO0_Get_Data

KX023 Float to_Char

\ 4

UARTOO0_SendData
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Initial i2c on (i2c.c)

#define
#define

#define
#define

#define
#define

#define
#define

void initial_i2c_on(void){

SDA_OUT
SDA_IN

SDA_DIR_IN
SDA_DIR_OUT

SCL_OUT
SCL_IN

SCL_DIR_IN
SCL_DIR_OUT

P22D0
P22DI

P22TE
P220E

P23D0
P23DI

P23IE
P230E

P221E=0;P220E=0;P220D=0;P22PU=1;
P231E=0;P230E=0;P230D=0;P23PU=1;

SDA_DIR_IN=0;

SDA_DIR_OUT=1;
SCL_DIR_OUT=1;

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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17.2.2 Port n Data Register (PnD:n=010 9, A, B)

PnD is a special function register (SFR) used to read the level of the port n pin and write output data.
The input level of the port n pin can be read by reading PnDI in the input mode.

Data written to PnDO in the output mode are output to the port n pin.

The PnDO is readable.

Enable or disable the input or output by using the port n mode register.

See Table 17-2 “List of Registers / Bits” to check avaible pins and bits.

Wirte “0” to the bits of PnDO register that have no corresponding pin.

The bits of PnDI register that has no corresponding pin always return “0” for reading.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word PnD
Byte PnDO PnDI
Bit |Pn7DO|Pn6DO|Pn5DO|Pn4DO|Pn3D0O|Pn2DO|Pn1DO(PnODO| Pn7DI | Pn6DI | Pn5DI | PndDI | Pn3DI | Pn2DI | Pn1DI | PnODI

RW RW RW RW RW RW RW RW RW R R R R R R R R

initial o o o o 0o 0 0 1 1 1 R T B T
value
Bit Bit symbol et
No. name
15toc8 Pn7DO to This bit is used to set the output level of port n pin.
PnODO 0: Output "L" (initial value)
1:  Output "H"
7t00 Pn7DI to This bit is used to set the input level of port n pin.
PnODI 0: The input level is "L"
1:  The input level is "H" (Initial value)
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Initial i2c on (i2c.c)

#define
#define

SDA_OUT
SDA_IN

#define
#define

SDA_DIR_IN
SDA_DIR_OUT

#define
#define

SCL_OUT
SCL_IN

#define
#define

SCL_DIR_IN
SCL_DIR_OUT

void initial_i2c_on(void

P22D0
P22DI

P22TE
P220E

P23D0
P23DI

P23IE
P230E

P221E=0;P220E=0;P220D=0;P22PU=1;
P231E=0;P230E=0;P230D=0;P23PU=1;

SDA _DIR IN=0;
SDA_DIR_OUT=1;
SCL_DIR_OUT=1;

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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17.2.3 Port n Mode Register 01 (PnMOD01:n=0to 9, A, B)

PnMODO1 is a special function register (SFR) to choose the input/output mode, input/output status, and shared function
of Pn0 pin and Pnl pin.

See Table 17-2 “List of Registers / Bits” to check avaible pins and bits.

Wirte “0” to the bits of PnMODO1 register that have no corresponding pin.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

Word PnMODO1

Byte PnMOD1 PnMODO

git [T MDPAIMDPMIMDPNIMD pn0piPntpul P10k Patie [PMMPIPROMPIPRAMDIPNOMDI 000 propu ook | Prote
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial o o o o o o0 ©0 O0O 0O o0 ©0 o * o =

value
* ‘The itial value of POOIE and POOPU for the Port0 is "1" and other bits are "0".

Pn10D This bit is used choose the output type of Pn1 pin.

An LED is directly drive-able by enlarging the current when the N-channel open drain output

mode is chosen.

See the data sheet for details about the current drive ability.
0: CMOS output (initial value)
1. N-channel open drain output

Pn1PU This bit is used to enable the internal pull-up resistor of Pn1 pin.

The internal pull-up resistor can be enabled on following conditions of the port.
The input is enabled and the output is disabled on the port
The input is enabled and the N-channel open drain output is chosen on the port
0. Without a pull-up resistor (initial value)

1:  With a pull-up resistor

The conditions of the port are specified by Pn1IE, Pn10OE and Pn10D bit.

10X: Setting of Pn1PU bit is enable
111: Setting of Pn1PU bit is enable
Others: Setting of Pn1PU bit is disable

X:0or 1 (don't care)
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12¢ start (i2c.c) 12c stop (i2c.c)

void i2c_start(void){ void i2c_stop(void){
SDA_0OUT=1; i2c_delay();
SCL_OUT=1; SDA_0UT=0;
i2c_delay(); i2¢ _delay();
SDA_OUT=8; SCL_0UT=1;
i2c_delay(); 12c_delay();
SCL_OUT=8; SDA_OUT=1;

} } -

SDA \

=117

S (SOv W—
e
-

—_—_——)— - ——

SCL \ / \ / SCL
s P
START condition STOP condition
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12c write (i2c.c)
. Loopl [1(0(0(1({0|1({1|1]| dat
void i2c_write(unsigned char dat){
unsigned char i; MSB LSB
Ack=%; ) _
for(i=1;1<=8;1i++){ ACK =1 1 |SDA

if((dat&ox80)!=0)

{ T

SDA_OUT=1; If bit 7 of dat !I=0SDA =1 Jr

}else{SDA _OUT=0;} . _ _

dat=dat<<1; After that shift bit.
} er that shift bi MSB L SB
[//check Ack
5DA_DIR_OUT=0;
DA DIR INor Enable Input SDA 1 AgJ SDA
i2c _delay();
SCL_OUT=1; Check ACK

i2c¢c_delay();
if(SDA IN){Ack=@;1};

S5CL_0UT=8;
SDA_DIR_IN=@;
SDA_DIR_OUT=1; Enable Output SDA
¥
Master | S |SAD +W RA SATA 5
Slave ACK ACK ACK
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12c read (i2c.c)

unsigned char i2c_read(void){
unsighed char 1i;
unsigned char dat=0;
SDA_DIR 0UT=8;
SDA_DIR_IN=1:

for(i=0;1<8;i++){
SCL_0UT=1;
dat=dat<«1;
if(sDA _IN){dat]|=1;}
i2¢c_delay();
SCL_OUT=0;
12c_delay();

¥

SDA_DIR _IN=8;

SDA_DIR_0UT=1;

i2c_delay();

return(dat);

Loop 1 ’% 0

Enable Input SDA

Read SDA_IN , Loop 2

send values to each
bit of dat and shift bit.

Enable Output SDA

Return dat

MSB

2

1(0

MSB

SDA

dat

Master

S |SAD +W RA

Sr

SAD +R

NACK | P

Slave

ACK ACK

ACK

DATA

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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12c ACK NACK (i2c.c)

void i2c_ack_bit(void){

12C Bus Specification

"]
SDA_QUT=@; 1. -
o DATA QUTPUT
i2c_delay(); BY TRANSMITTER | ! )( )C__ X /
i2c_clk(); [T
SDA QUT=1: | I not acknowledge \
1 B ’ DATAQUTPUT | | -- .
BY RECEIVER L
void i2¢_nack_bit(void){ ;
| I acknowledge
SDA_QUT=1;
i2¢_dela ; SCL FROM .
A FF}’ MASTER | | 2 _-M
i2c_clk(); X
SCL_OUT=1; L5
_ ] - clock pulse for
¥ ci:;lﬁ:n acknowledgement
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P. 216
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KX023

1. tri-axis +/-2g, +/-4g or +/-8g accelerometer

2. Enhanced integrated Directional Tap/Double-TapTM
, and Device-orientation Algorithms

3. Digital 12C up to 3.4 MHz

4. Digital 3-wire and 4-wire SPI up to 10 MHz

5. Self-test Function

Pichet Sriphomma pichet@es.co.th P. 217
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KX023
b=
> 1 10 Vdd
2 NC
| ‘ J: Cy 3 NC
O 16 15 13 4 SCLK/SCL
10 Vdd —e 1 13}« TRIG 5 GND
c — 2 12— 6 SDI/SDA
. 7 | SDO/ADDR

—13 KX023 11 > INT1 5 CS

SCLK/SCL >4 10— 9 INT2
¢ 5 9 » INT2 10 NC

6 7 8 11 INT1
12 GND
13 TRIG

g— = & @ —— 14 Vdd

- 2 g ¢ - 15 NC

3 3 16 NC

(=]
7]
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[

KX023

Static X/Y/Z Output Response versus Orientation to Earth’s surface (19):
GSEL1=0, GSEL0=0 (£ 29)
Position 1 2 3 4 5 6
Top Bottom
: [ f I | |1 |
Diagram Bottom Top
Resolution (bits) 16 8 16 8 16 8 16 8 16 | 8 16 8
X (counts) 0 0 |-16384| -64 0 0 (16384| 64 0 0 0 0
Y (counts) -16384 | -64 0 0 |16384| 64 0 0 0 0 0 0
Z (counts) 0 0 0 0 0 0 0 0 |16384| 64 |-16384 | -64
X-Polarity 0 - 0 + 0 0
Y-Polarity - 0 + 0 0 0
Z-Polarity 0 0 0 0 + -
: : 2
Static output response = output valuexg_ratio = —-16384 x 37768 =—

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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KX023 I12C Operation

The Slave Address associated with the KX023 is 001111X.
X is determined by the assignment of ADDR (pin 7) to GND or IO_Vdd.

Term Definition

S Start Condition

Sr Repeated Start Condition
SAD Slave Address

W Write Bit

R Read Bit
ACK Acknowledge
NACK Not Acknowledge

RA Register Address
Data | Transmitted/Received Data

P Stop Condition

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet S”phomma pIChet@ eSCOth P. 220
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Writing to a KX023 8-bit Register

1. Master send Start condition (S) and SAD+W ,and the KX023 acknowledges.

The KX023 return ACK.

2. After ACK Transmission. An 8-bit Register Address (RA) command is transmitted

by the Master. The KX023 return ACK.
3. After Master receive ACK from KX023. Master Send DATA to KX023.

4. The KX023 Return ACK. ,and Waiting to receive Stop condition (P) from Master.

Sequence 1. The Master is writing one byte to the Slave.

Master

S

SAD + W

RA DATA P

Slave

ACK

ACK ACK

Sequence 2. The Master is writing multiple bytes to the Slave.

Master

S

SAD + W

RA DATA DATA

Slave

ACK

ACK ACK

ACK

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Reading from a KX023 8-bit Register

1. The Master first transmits a start condition (S) and the appropriate Slave Address (SAD)

with the LSB set at ‘O’ to write. The KX023 return ACK.

2 The KX023 acknowledges and the Master transmits the 8-bit RA of the register it wants to

read.

3. The KX023 again acknowledges, and the Master transmits a repeated start condition (Sr).

4. After the repeated start condition, the Master addresses the KX023 with a ‘1’ in
the LSB (SAD+R) to read.

5. The KX023 acknowledges and transmits the data from the requested register.

6. The Master does not acknowledge (NACK) it received the transmitted data

, and transmits a stop condition to end the data transfer.

Sequence 3. The Master is receiving one byte of data from the Slave.

Master | S | SAD +W RA Sr | SAD +R NACK @ P
Slave ACK ACK ACK| DATA
Sequence 4. The Master is receiving multiple bytes of data from the Slave.
Master | S | SAD +W RA Sr | SAD +R ACK NACK | P
Slave ACK ACK ACK| DATA DATA

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Chapter 4 12C

KX023 Embedded Registers

The KX023 has 57 embedded 8-bit registers that are accessible by the user.

XHPL,XHPH,YHPL,YHPH,ZHPL,ZHPH high pass filter accelerometer output.
Data is updated at the ODR frequency determined by OWUF in CNTL3.

Address Register Name RW
00h XHPL R
01h XHPH R
02h YHPL R
03h YHPH R
04h ZHPL R
05h ZHPH R

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.223
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KX023 Embedded Registers

XOUTL,XOUTH,YOUTL,YOUTH,ZOUTL,ZOUTH accelerometer output .
Data is updated at the ODR frequency determined by OSA in ODCNTL.

Address Register Name R/W
06h XOUTL R
07h XOUTH R
08h YOUTL R
09h YOUTH R
OAh ZOUTL R
OBh ZOUTH R

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P.224
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KX023 Embedded Registers

COTR This register can be used to verify proper integrated circuit functionality.
It always has a byte value of 0x55h

WHO_AM | This register can be used for supplier recognition, as it can be factory
written to a known byte value. The default value is 0x15h.

Address Register Name RW
0Ch COTR R
0Dh Kionix Reserved
OEh Kionix Reserved
OFh Who_AM | R/W

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P. 225
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Initial KX023 (kx023.c)

void Initial_kx@23(void) [ Enable Out SDA ,SCL ]
{

unsigned char i[1]={0};
unsigned int cnt; v

initial_i2c_on(); Ox7F -> 0x00 Clear
Buffer Read

/{**wait for more than @.1lms
for (cnt=0;cnt<1608;cnt++)

A 4
{ asm("nop™); CNTL2 -> 0x00 Clear
Y Control Register

write kx(0x7F,0x00);

write kx(CNTL2,0x00); v
write kx(CNTL2,0x80); CNTL2 -> 0x80 Set
Software reset -> no
//*¥*% wait for more than 2ms action
for (cnt=0;cnt<32006;cnt++)
{
_asm("nop");
:_} \4
i[@]=read kx(WHO AM I); Self-test
i[@]=read_kx(add_COTR); //1 =@x55 Read address COTR (0x0C) -> return 0x55

Read address WHO_AM _| (OxOF) -> return 0x15

G_ratio = (((fleat)G_range)/((float)N_dectimal)});

KX112 Start();
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Read KX023 (kx023.c)

unsigned char read_kx(unsigned char addr){
unsigned char data;
i2c_start();
i2c_write(kx Addr);
i2c_write(addr);
i2c_start();
i2c_write(kx Addr+1);
data=i2c_read();
i2¢c_nack bit();
i2c_stop();

Send Start

A 4

[ Send Addr
+ logic 0

ess KX023
for write

A 4

Send Address

A 4

Start 12C Repeat

A 4

(" Send Address KX023 )

} return(data); . +logic 1 forread )
( " 1\
Read data
\ 4
[ Send NACK and Stop bit ]
Master | S |SAD +W RA Sr | SAD + R NACK | P
Slave ACK ACK ACK| DATA

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Write KX023 (kx023.c)

void write_kx(unsigned char addr,unsigned char data){

unsigned char read;
i2c_start();
i2c_write(kx Addr);
i2c_write(addr);
i2c_write(data);
i2c_stop();

[

Send Start

)

A 4

-

([ Send Address KX023 )
+ logic O for write

J

A 4

Send Address

A 4

Send data

\ 4

'

Send Stop bit

—

Master | S

SAD + W

RA

DATA

Slave

ACK

ACK

ACK

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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MulRead KX023 (kx023.c)

unsigned char Mulread_kx(unsigned char addr,unsigned char *data,unsigned int size){ ( Start 12C )
unsigned int i,Datalen;
v
[/anitat dac on(); Send Address KX023
Datalen = size-1; ) g
v
i2c_start(); ( )
i2¢_write(kx_Addr); | Send Address )
i2c_write(addr);
12¢_start(); v
i2c_write(kx_Addr+1); ( )
for(i=0;i<Datalen;i++){ Start 12C Repeat

rdata[i] =i2c_read();
iZ2¢_ack bit();
}

A 4

[ Send Address KX023 + Read ]

rdata[Datalen] =i2c_read();
12c_nack_bit(); v
i2c_stop(); [

Read data from KX023 ]

for(i=0;i<=size;i++){
*(data+i) = rdatal[i];

A 4

}
[ Send Stop ]
return 6;
Jf/ initial_i2c_off();
¥
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Mulwrite KX023 (kx023.c)

void Mulwrite_kx(unsigned char addr,unsigned char *data, unsigned int size){
unsigned int i,Datalen;

Datalen = size; Start 12C

Jfinitial i2c on(); ) v .

for(1=0: i<size: irs) \ Send Address KX023 |
sdata[i] = *(data+i); |

} 'd N\

Send Address

iZc_start(); b g

i2c¢_write(kx_Addr); ) v .

iZ2c_write(addr); Send data

for(i=0;i<Datalen;i++){ ‘k
i2¢c_write(sdata[i]); 1 )

} Send Stop

i2¢_stop(); ) ’

ffinitial i2c off();

}
© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma plChet@ eSCOth P. 230
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KX023 On Off (kx023.c)

void Initial_kx_on(void) KX023 On
{ o Pull — up
) initial 12c_on(); SDA Enable Output
SCL Enable Output

void Initial_kx_off(void)
{

initial i2c off(); KX023 Off
) Not Pull — up
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Read Acceleration (kx023.c)

void Read_Acceleration(void){ [ MulRead Address 00 — 0B 1

Mulread kx(©,Acc_Read,13);
XHP dec = (Acc_Read[1]<<8)|Acc_Read[0];

YHP dec = (Acc_Read[3]<<8)|Acc_Read[2]; //’ ‘\\
ZHP dec = (Acc_Read[5]<<8)|Acc_Read[4]; XHP_dec = <Acc_Read[1]><Acc_Read[0]>
XOUT_dec = (Acc_Read[?]<<3)Iﬂcc_ﬂead[ﬁ]; YHP_dec = <Acc_Read[3]><Acc_Read[2]>
YOUT dec = (Acc_Read[9]<<8)|Acc_Read[8]; N _ N -

Z0UT dec = (Acc_Read[11]<<8)|Acc_Read[10]; ZHP_dec = <Acc_Read[5]><Acc_Read[4]>
XHP G = XHP dec*G_ratio; XOUT_dec = <Acc_Read[7]><Acc_Read[6]>
YHP_G = YHP_dec*G_ratio; YOUT_dec = <Acc_Read[9]><Acc_Read[8]>
ZHP G = ZHP dec*G_ratio;

GOUT_dec = <Acc_Read[11]><Acc_Read[10]y

XOUT_G = XOUT_dec*G_ratio;
YOUT G = YOUT dec*G_ratio;
Z0UT G = ZOUT_dec*G_ratio; v

[/convert signed2unsigned

[/ XOUT uint (~((1int)XOUT dec))&@x7fff;

[/ YOUT uint (~((int)YOUT dec))&@x7fff; e
} XOUT_G = XOUT_dec*G_ratio

XHP_G = XHP_dec*G_ratio

© 2017 ROHM Semiconductor (Thailand) Co., Ltd. PIChet Srlphomma pIChet@ eSCOth P. 232
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Concept

) LAPIS
| 62Q1367

XHP,YHP,ZHP < 0,1 >< decimal ><decimal>
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KX023 Float to_Char (uartO.c)

void KX@23_Float_to_Char(void)

] [FEERRRR R RRRRR XX Nccelerometer Sensor FEEEERRLLBEEER

1

2
3
4

~ O O1

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.

kx@2

if(k
{

3_XHP_G_float = XOUT G;
x023_XHP_G_float < @)

kx@23 XHP_G_float *= -1;
kx023 XHP_G_int = kx023 XHP G float;
kx023 XHP_G_char = kx@23_XHP_G_int | 0x80;

kx023_XHP_G_int = kx023_XHP_G_float;
kx023_XHP_G_char = kx©023_XHP_G_int & ©x7F;

//kx823 XHP_G_float = kx023 XHP_G_float - kx823 XHP_G_int;
//kx023_XHP_G_point = kx023_XHP_G_float*10000;

kx@23 XHP_G_point = (kx823 _XHP_G_float -
kx023 XHP_G_Point Char_ High = (kx©23 XHP_G point & @xFF@@)>>8;
kx@23_XHP_G_Point_Char_ Low = kx@23_XHP_G point & Ox00FF;

© 2017 LAPIS Semiconductor Co., Ltd. All rights reserved

kx023_XHP_G_int)*10000;

Pichet Sriphomma pichet@es.co.th

Example

Value of KX023 (XOUT_G) =-0.1227

1. XHP_ G float =-0.1227

2. XHP_G float =0.1227

3. XHP_G_int = 0x00

4. XHP_G_Char = 0x80

5. XHP_G_point = (0.1227 — 0)*10000 = 1227

6. XHP_G_Point_Char_ High = 0x1227 & 0xFF00
= 0x1200
= 0x1200 >> 8 = 0x0012

7. XHP_G_Point Char Low =0x1227 & 0x00FF

= 0x0027
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KX023 Float to_Char (uartO.c)

R i L L E L

1 kx023_YHP_G_float = YOUT G;

if(kx@23_YHP_G_float < @)
{
kx@23 YHP_G float *= -1;
kx®23_YHP_G_int = kx©23_YHP_G_float;
kx@23 YHP_G_char = kx823_YHP_G_int | 0x80;
¥
else
{
kx®23_YHP_G_int = kx©23_YHP_G_float;
kx®23 YHP G char = kxB823 YHP G _int & Ox7F;

winN

(N3 FAN

R i L L E L

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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Example

Value of KX023 (YOUT_G) = 0.5325

1. YHP_G_float = 0.5325

2. YHP_G int=0

3. YHP_G_Char = 0x00

4. YHP_G_point = (0.5325 - 0)*10000 = 5325

5. YHP_G_Point_Char_High = 0x5325 & 0xFF00

kx023 YHP_G_point = (kx823 YHP G_float - kx0823 YHP G_int)*10000; — 0x5300
kx®23 YHP_G Point Char High = (kx®23 YHP_G point & @xFF0@)>>8; =UX
kx®23 YHP_G Point Char Low = kx823 YHP_G point & ©x00FF;

= 0x5300 >> 8 = 0x0053
6. YHP_G_Point Char Low = 0x5325 & 0x00FF

= 0x0025
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KX023 Float to Char (u

/;’#t#:*?k#:#t#:*4:1:4:#:*#:#***##****#******##***##***#*

1 kx023 ZHP G_float = ZOUT G;

if(kx023_ZHP_G_float < ©)

art0.c)

Example
Value of KX023 (ZOUT_G) =-0.0827
1. ZHP_G_float =-0.0827
2. ZHP_G_float = 0.0827
; 3. ZHP_G_int = 0x00
4. ZHP_G_Char = 0x80
; 5. ZHP_G_point = (0.0827 — 0)*10000 = 827

kxe23_zHP_G_int)*10000 6. ZHP_G_Point_Char_ High = 0x0827 & 0xFF00

{
2 kx023_ZHP_G_float *= -1;
3 kx823 7HP _G_int = kx823 ZHP_G_float;
4 kx@23_7HP_G_char = kx®23_7HP_G_int | Bx80
}
else
{
kx©23_7ZHP_G_int = kx823_7HP_G_float;
kx©23 ZHP G_char = kx®23 7ZHP G_int & @x7F
}
5 kx@023 7HP G _point = (kx©023 7HP G float -
6 kx@823 7HP G _Point_Char_ High = (kx823 7ZHP_G point & OxFF@®)>>8;
7

© 2017 ROHM Semiconductor (Thailand) Co., Ltd.
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kx823 7HP_G_Point_Char_Low = kx823 7HP_G _point & ©Ox@0FF; = 0x0800

= 0x0800 >> 8 = 0x0008
7.ZHP G Point_Char Low = 0x0827 & 0x00FF

= 0x0027
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KX023 Float to_Char (uartO.c)

Example
':{mid UART@®8_KX@23(void) UART00_TX_Buf[0] = 0x80
Sensor_Index = 8;
UARTO00 TX Buf[1]=0x12
Clear Buffer();
UARTO00 TX Buf]2] =0x27
UART@8_TX_Buf[8] = kx@23_XHP_G_char; - =
UART@8_TX Buf[1] = kx@23_XHP_G_Point_Char_High;
UART@® TX Buf[2] = kx823 XHP G _Point Char Low; UARTO00_TX_Buf[3] = 0x00
UART@® TX Buf[3] = kx@23_YHP_G_char; UARTO00 TX Buf[4] = 0x53
UART@® TX Buf[4] = kx823_YHP_G_Point_Char_ High; -
UART@® TX Buf[5] = kx@23 YHP_G Point_Char_Low; UARTOO_TX_Buf[S] =0x25
UART@®_TX Buf[6] = kx@23_ZHP_G_char;
UART@O_TX_Buf[7] = kx@23_ZHP G_Point_Char High; UARTO00_TX_Buf[6] = 0x80
UART@® TX Buf[8] = kx@23_7HP_G Point_Char_lLow;
UARTO00 _TX Buf[7] =0x08
TXDB@_Index = 8;
Flag._TXD0O = 1; UART00 TX Buf[8] = 0x27
Sensor_Index = 2; = =
Set UARTOO_TX();
1/}
RXD@®_Index = @;
//Flag. RXD@® = @;
¥
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N

KX023-10
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Using the application

Step 1 Connect MCU Board with Bluetooth

¥k ¥ N 0a% @ 1797 L. %0 F N 4% 17:17 w.
€ vaws @ : € uays 9 :
‘e @ e ®
aunsali {owle )

aunsalidueud

‘J:[ ES_BT003 #D ES_BT003 o

% 57:20.DD:93:24:26 S

% 57:20:DD:93:24:26
. HUAWEI Mate 20 neung

. HUAWEI Mate 20 neung
L1 PARISA

L[] PARISA
p < 6E:05:5A:A2:B8:67

%  6E:05:5A:A2:B8:67
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Using the application

Step 2 Open application and click “Bluetooth Check”

M > 40 1 94% @ 17:19 u.

ES

# BLUETOOTH CHECK
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Using the application

Step 3 Choose device and connect

94% 0 17:19 u.

BLUETOOTH CHECK

ES_BT003
A4:CF:12:18:76:66
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Step 4 After connected this app Show button to choose.
Choose “Accelerometer : KX023”

20 F 94% W 17:19 u.

TEMPERATURE: BD1020

AMBIENT LIGHT: BH1680

# ACCELEROMETER: KX023
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Using the application

Step 5 After Choose this app show Signal graph of KX023.

R = 93% 0 17:22 1.

Accelerometer: KX023
X:-0.026 g, Y: 0.0618 g, Z: 0.9916 g
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