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of inmovation

First use the NUVOTON microcontroller ALVSToN

e What do | need to know?
* What do to download?
* What are the steps?




Check Item

What compiler to use?
- KEIL, IAR

* What can be used to emulator the execution of code?
= Nulink, Nulink me, Nulink pro, Nulink 2, Nulink 2 Me
- NUVOTON Nutiny board

*  What tools are used to write BIN/HEX file to the chip?
= ICP (In circuit Programmer)

* End customer need to updated FW? In UART, 12C, SPI...interface?
= ISP(In System Programmer)

* Factory mass production tool?

= Nulink gang




KEIL Compiler

Downloading and installing each of the following steps is necessary.

KEIL Evaluation form www.keil.com
- Install mdk.exe => Cortex MO/M23/M4
- Install C51.exe => 8051

NUVOTON KEIL driver form www.nuvoton.com

= Nu-Link Driver Install Nu-Link Keil Driver.exe

Development Board Support Kit (BSP)
- Example MS51 Series BSP_Keil V1.00.003



http://www2.keil.com/nuvoton/M0-M23
http://www.keil.com/c51/
https://www.nuvoton.com/hq/support/tool-and-software/software/development-tool/?__locale=en

IAR Compiler

Downloading and installing each of the following steps is necessary.

IAR Evaluation form www.lAR.com

- Install IAR EMBEDDED WORKBENCH FOR 8051

NUVOTON IAR driver form www.nuvoton.com

= Nu-Link Driver Install IAR_Nu-Link Driver

Development Board Support Kit (BSP)
- Example MS51 Series BSP_IAR_V1.00.003



http://netstorage.iar.com/SuppDB/Protected/PRODUPD/013455/EW8051-10301-Autorun.exe
https://www.nuvoton.com/resource-download.jsp?tp_GUID=SW0520101208200227

Emulator The Execution of Code

ML51BB9AE

* The compilation and driver software has been confirmed to be ML51DB9AE
. ML51FBOAE
installed A ———

NuTiny-ML51EB ML51XBOAE

* Find hardware NuMaker or NuTiny by development model L

ML51UB9AE

ML51PB9AE

- https://direct.nuvoton.com/tw/8051-tool/ MLS1TB9AE
ML51ECOAE

NuMaker-ML51PC ML51UCOAE

ML51PCOAE
ML51TCOAE
MS51BA9AE
MS51DASAE
MS51XBOAE
NuTiny-MS51FB MS51XB9BE

MuMaker-ML51PC NuTiny-MS551FB MSS1FESAE

MS51FCOAE

MS51XCOBE

o o NuMaker-MS51PC MS51ECOAE

* development board user manual, schematic, PCB file e
MS51PCOAE

- https://www.nuvoton.com/tool-and-software/evaluation- ‘ EE
NuTiny-N76E003 N76E003AQ20

boa rd/?index:l N76E003BQ20

NuTiny- MS51DA



https://direct.nuvoton.com/tw/8051-tool/
https://www.nuvoton.com/tool-and-software/evaluation-board/?index=1
https://direct.nuvoton.com/tw/nutiny-ml51eb9ae
https://direct.nuvoton.com/tw/numaker-ml51pc
https://direct.nuvoton.com/tw/nutiny-ms51da
https://direct.nuvoton.com/tw/nutiny-ms51fb9ae
https://direct.nuvoton.com/tw/nutiny-n76e003

jcj of inmovation

NuTiny Board fUveTON

* An easy-to-develop platform for user to build the applications

VDD
DC 2.4V ~5.5V Input

Voo Extended Connector Voo ICE Controller

e ryrrj
XL

VDD |eeeeee : S= ol Virtual COM
j EX B R o= oY ikl : ' — okl Enable Switch

Reset Key §

MSS51FESAE

..........

R10 :
Power LED [l LT
= f PIO1
GPIO LED g e
Power Select
Connector
5V or 3.3V




Write BIN/HEX File to The Chip

* NULINK Serial * Software: NuMicro ICP Programmer Tool

b #* MNuvoton NuMicro ICP Programming Tool 3.01 - 8051 1T Series — *
Project Chips Tool Language Help
Status
Chip Connected with NuLink2 (ID; 18000000]
— WLSTPCaaE | LDROM:OK, APROM:32K, SPROM:128, RAM:256, XRAM:2K
: UIDAUCID: .

Load File
LDROM File Name: |c SLDROM hex |

- H
i ch VCFM |4 N - LF n k File not load

APROM File Name: |E APROM hex |

File not load

SPROM File: Marme: |c “SPROM hex |

File not load
Config Bits
Setting Config0: | OxFF  Configl: | 0:FF  Config2 | 04FF < Update History > w

Config3: | OwFF  Configd: | OxFF

File Data Or-board Flash Offline Flash
LDROM  APROM SPROM LDROM APROM SPROM LDAOM  APROM SPROM  Info
Nu-Link PRO ©om
(O 16 bits
(D) 32 bits
Refresh

Pragramming



https://www.nuvoton.com/resource-download.jsp?tp_GUID=SW0520101208200310

ISP(In System Programmer)

“\ Nuveton NuMicro ISP Programming Tool 2.06 X
°* |SP Step NUVOTON EE—
Connection Interface Status
UART v Connect Disconnected

- The ISP bootloader code must first be written into the
COM10 w Part Ma.
LDROM via ICP

Load File

APROM File: M ame:

- Write APROM by communicating with PC's Nuvoton ISP s 3754 By, checkeur: 603
Programming Tool through the UART of the IC Dataflesh | FleNane: |

File not load.

- Bootloader code and ISP programmer tool open source ECES

Setting Canfig 0.1
code ]

File Data
APROM Dt Flash

00000000: 02 OE 90 00 00 00 00 00 00 00 00 00 00 00 00 00 A ©8blts
00000010: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00000020: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 O]S hits
Q0000030: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO
00000040: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 032 bits

00000050: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00000060: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00000070: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00000080: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00000090: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
000000A0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
000000BO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

[l TalaTy a1 nn NN NN NN nn on _nn nn onn on_nn nn onn on nn nn N
Programming
APROM [DataFlash  [JConfig  [JErasedll ] Jump to APROM Start




ICP Write boot loader Step

* Boot loader source: ISP_UARTO
°* LDROM Program boot loader

# Muvoton Mubicro ICP Programming Tool 3.00 - 051 1T Series - b
Project Chips Taal Language Help
nuvoTon
Status
Disconnect Chip Conngcted with Nu-Link (ID: 77881 a48)
PartNo IR,/ T, GV P G 8 e

e
| LOROM File Mame: |E WI01_D Folder\Nuvaton_MS51B5P_KEIL-master\WMS51FBIAE_MSETXBIAE, I
ice D037 Bitec checkem 2377

[ EA001_D Folder\Nuvoton_MS51_S eries_BSP_Keil 1. 00.003\MS51 FBSAE_ |

APROM File: Name:

size: 2913 Bytes, checksum: be70

File Mame:

SPROM | Ci\Users\HCKUO 3\Desktoph 2C_EEPROMAS ampleCodzHegh a:

Toao large file sizel

Config Bits

onfig 1

Setting 0xFB  Config 2 | Dx?F < Update Histary > v

Corfig 3 | pwFF Configd: | OuFF

File Data Orvboard Flash Offlire Flash

LDROM  APROM SPROM LDROM APROM SPROM LDROM APROM SPROM Info

0z 07 OB 00 00 00 00 00 00 00 00 02 07 75 OO0 00 A (@ 8kits

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 0D DZ 06 &2 AZ AF 32 00 C2 AF 75 C7 AA 75 ()16 bits
(032 bits

C7 55 42 9F D1 A2 00 82 AF 12 06 AE 12 04 AE 12

G0 02 @0 FE ES 9F B4 43 02 &0 FE AF 2A 74 00 2F w0
AOAANMCNs  FE 22 EA 34 AN ES B2 EN EE F4 - FNEE EE 21 3E

Refresh

Programming

LOROM [JaPrOM [ sPROM Config Options Start

Build: £303

# Open

T
Organize ~
J Downloads
5 Document:

&= Pictures

< ISPLUARTO » Keil » Qutput

ew folder

~ Marme

[ MSS1_UARTOISP bin
[7] MSS1_UARTO_ISP hes

[ This PC
3D Objects
[ Desktop
5 Docume

wnloads

MCU_FAE
b music

| Pictures

B videos

Windows (C:

v <

File narme: ||

B " Chip Options

Boot Options

() APROM

(@) LDROM
LOROM Size Options
() Mo LDROM

(O LDROM = 1EB
() LDROM = 2KB
(O LDROM = 3B
(® LDROM = 4KB

Brown-out Detector Optionz

Cex 2w

Brown-out Detect Enable

Brown-out Inhibiting 14F

WDT Optionz
(®) Disabled.

1 5ecurity Lock
[10CD Enable
F2.0/RST Fin Function
(@ P2.0 as the extenal reset pin
() P2.0 as the input-anly pin
Fiihd output state under OCD halt
(®) Tri-state
() PwiM continues

Oany @) 4.4y

Brown-out Reset Enable

() Enabled and stop running in |dle/Power-down mode.

(") Enabled and keep running in | dle/Power-dawn made.

Config W alue
Caonfig 0| Os7F
Config 3| OxFF

Canfig 1:

Config 4:

0«FB Canfig 2: | OxCF

0=FF

Cancel



Mass Production Tools

* Onetimeto4pcs
* Standalone word without PC

* Nulink Gang

- https://www.nuvoton.com/tool-and-
software/hardware-development-
tool/programmer/

Mu-Link-Gang Programmnar



https://www.nuvoton.com/tool-and-software/hardware-development-tool/programmer/
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Development Environment
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Development Environment and Tools

Multiple
Development IDE

GNU GCC based
NuEclipse on
Windows or Linux

Keil MDK
IAR EWARM

Brand New
Programming
Platform - Nu-Link2
Fast programming
ISP via multiple I/F
ETM

USB bridge

SP1 / I2C Monitoring

NuMiicro loT and
HMI Development
Platform

Incl. sensor node,
gateway, cloud
database connection

Cloud service: Arm
Pelion, Amazon AWS
loT, Alibaba Cloud

Comprehensive
emWin GUI library

PinConfig
PinView

Easy-to-use
Development Tool

PinConfig: Graphical
I/0 setting

PinView: Real-time
I/0 monitoring

J'oy of innovation

nuvoTonN

MCu
Platform

BSP (Board
Supporting Package)

Comprehensive
drivers

Plentiful peripheral
examples

AP| compatibility



Toy of tumovation

Keil MDK Nuvoton Edition nuvoTon

— Professional tool suite provided by arm, works with Nuvoton Cortex-M based MCU

* Free-to-use professional tool suite for

NuMicro® MO and M23 product line
* Special offer to have a professional tool

suite for NuMicro® M4 product line Cortex-MO

* Includes the Arm C/C++ Compiler, the /Cortex-M23  ''e€ 1 year
Keil RTX5 real-time operating system USS$395 for
kernel, and the uVision IDE and ozl | e vee 1 year

debugger per year




I}'oy of tnmovation

NuEclipse (ARM Cortex series only) nuvoTon

— Free IDE to develop NuMicro® Family applications on Windows and Linux platform

I ==

-
& C/C++ - Template/User/main.c - Eclipse

.-
. . Eile Edit Source Refactor Mavigate Search Project Run  Window Help
* Create, build, and debug projects of v | B R E G e G R O G RIS E e
C L ® . L . B s s nhles s Quikpccess || 3 | FEICTERE]
NuMicro® Family with in Eclipse Rrosar & = O @ minc s =5 zos » - o
e v @ * main.c[] - = S
framework 55;]JEI;‘:?_:I § e mié cotdio.n> S| reanv.
. . . | b E:E,CMSIS g void UART Open(UART T *uart, uint32_t : :: :::.;‘:m.h
- Create project by New Project Wizard. | Lo s szt g
> g main.c E /* Unlock protected registers */ ° mau;‘g‘::iotl

- Build project by GNU ARM Toolchain. | O

18 /* Set XT1_OUT(PF.2) and XT1_IN(PF
19 PF->MODE &= ~(GPIO_MODE_MODE2_Msk

- Debug project by GDB. 28 | ot Exteraet v s i

22 CLK )PNRCTL |= cLk_| PwRCTl HXTEN_Ms

- Supports Windows and GNU/Linux " o — ) ——

p Iatfo rm . | 0 errors, 1 warning, 0 nthars'

Description Resource Path

- Designed for cross-platform : —_ ,

Writable Smart Insert 2:1 ¢ .

embedded ARM development. ~ S




Toy of tumovation

NuMaker EVB Board nuvoTon

— An easy-to-develop platform for user to build the applications
Vpp Switch ~ Arduino UNO Compatible Extension Connector

Reset Button

External Vpp Connector — .. “ERR
Ammeter ho 7 bel =—VCOM Switch

USB Power Connector
ICE Chip: M48SSIDAE

ICE Status LED

PB14 LED = 1 b ] e 2 i
External Vss Connector e S I R IR | s Off-llneProFram Button

|
ICE USB Connector |
|
|

nuvoTon

MO032 Platform ] | 7 ; NuMaker-MOS2SE V1.3 (@ Nu-Link2-Me
Target Chip: M032SE3AE Target Chip Extension Connector
Extension connector: to expand the functionality and e Nu-Link2-Me debugger and programmer

build the applications.
*  Supports on-line/off-line programming
Ammeter connector: easily monitor the target chip

power consumption during development. (Remove R16) *  Supports virtual COM port function
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NuMaker EVB Board nuvoTon

— An easy-to-develop platform for user to build the applications

| MCUVCC Power Switch

ICEVCC Power Switch

MO32SE3AE «— e —Target Chip PartNo.
Funiction compatible with & [l

MOSBLESAE — Function Compatible List

| o rgiziigaaagy P

AmAAAM MSAMAA®AM

Nu-Link2-Me § SOOI P S B T e P I Board Introduction Page
®*  Power Switch: °*  Board Introduction page:
- Configures the target chip operating www.nuvoton.com/board/NuMaker-M032SE
voltage and ICE chip operating voltage - Board Introduction
- User Manual

- Quick Start Guides

- Step-by-step build the development environment



http://www.nuvoton.com/board/NuMaker-M032SE

3—03‘ of tumovation

NuMaker EVB Board - Ammeter Connector  nuveTen

— An easy-to-develop platform for user to build the applications

* Connector for user to easily measure the target chip power consumption.

Remove the R16 Resistor

cre 8 = - B = : 5
L PR e
am = -

NAUVOTON
NuMaker-M031SD V1.2
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NuMaker EVB Board - Hardware Resource il

Home > Support > Tool & Software > Development Tool Hardware > Development Board

* NuMicro® Family MCUs and MPUs evaluation boards introduction
* Quick start

- Build the development environment by following the step-by-step guides
°* Download resources

- User manual

- Schematic, PCB & Gerber File

= NuMicro® Family chip library for Protel, OrCAD, and Pads Layout
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User-friendly Board Support Package (BSP) AUVeToNn

Application

* Unified APl names of all NuMicro®

MCUs Sample Codes CMSFI“Se-:Zore
* Supports KEIL MDK, IAR EWARM, B Open Source
and NuEclipse Libraries
BSP

NuMicro® All Series
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Nu-Link Driver for Keil & IAR nuvoTon

— Supports Nu-Link to work under Keil MDK and IAR EWARM

startup_Minis1Series.s  [£] mainc v X
] 92 UART_Init();:
93
[} 04 printf(" \n"};
° | [} as printf ("] MiniSl NuTiny Sample Code I\n");
Debugs, traces and analyzes programs # e
. a8 /*set P3.6 to output mode */
running on the target board. W oo | ceoseenens, s cro o )
101 //GFIDise:MndE(FZ, BIT4, GPIC FMD OUTPUT); ffF
102
® Supports unlimited software e L TR /1 rox morsmysmemnas,
105 f/P22 = 0; // For NuTiny-SDK-MiniSiF ‘ﬂ
® 106 delay_loop()
®

breakpoints. o I OV v ot
* Displays current register value on-line
through SystemViewer and LiveWatch.

* Includes PinView to display real-time
pin status and register settings.




Toy of inwovation

PinView ruvoTon

— Monitors real-time pin status and register settings

* Displays selected pin’s configuration

and highlights invalid settings. Freg: [05 <]

* Supports two types of PinView: _ TR e

| GCR->P3_MFP i

- Stand-alone PinView. y o T S
- Add-on PinView for Keil uVision® ] SRS i

Information

P3.5 is in INPUT mode

Pin input high

10 digital input path enabled

IDE and IAR Embedded
Workbench IDE.

nnnnnnnnn

ZT?3 2> 2TTBRZ 3
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PinConfig

— Tool for pin assignment, initial code generation, and OrCAD/Protel part generation

* Click and Select to configure pin setting. N g“ .
. . I Focused by Mouse :gg%%géggggg
- Speed up pin assignment process. B ooy oo 2

e

* Generates GPIO function configuration

P40 | P4.0/PWMOITZEX
TXDICTSOAD2/P0.2 PO.2 2.4

P2.AAD1IZPWMAISCLT
ACMP3_N/RXD1/RTS1/AD1PY.1 P01 9 P2.3/AD11/PWM3

.
COd e ( . C fl | e) . ACMP3_P/TXDVCTS1/ADD/PO.0 FOO P2.2/AD10/PWM2

P2.1/ADSPWM1
PZ.OADEPWMO

AWRLTZIAINGP1 0 P1.0
- Speed up program development. WUrWASIEER | MIOSALDE 7 e
RXDAINZIP1 2 P12 [PH LQFP48 8 XTALT
TXDAINGPR1 3 P1.3 & 5 HTALZ
ACMPO_N/SPISSO/AING/P1 4 P14 I P3.7inRD

* Automatically generates corresponding P riz P AmRicKOAGHPO_o

OrCAD or Protel part. |
- Reduce the risk of erroneous NN
hardware schematics. R




Mass Production and Program Upgrade

;roy of innovation

nuvoTonN

Brand New
Programming
Platform - Nu-Link2

Fast programming
ISP via multiple I/F
ETM

USB bridge

SPI / I>C Monitoring

* MP Tool -
Nu-Link-Gang

- One-to-four
independent
programming

- Auto Programming
Machine

ICP Programming Tool

Online/offline
programming

Image bound to
specific Nu-Link

Encrypted project file
for securing image

Image serial number

Customizable
Programming Flow

Nu-Link Command Tool

supports command

execution from scripts

or vendor GUI.

- Writer DIY supports

flexible programming
flow and self-defined
test flow.

MCu
Platform

ISP Programming Tool

Standard ISP protocol
via UART or USB.

- Source code of

firmware and
application tool.



Nu-Link Debugger

Debugging

Online
Programming

Offline
Programming

VCOM Port

SWD I/0 Voltage
Support

Control Bus
(Automatic IC
Programming System)

Nu-Link-Pro

1.8V,2.5V,3.3YV,

50V

Nu-Link

50V

Nu-Link-Me

33V,50V

To of iumova tiom
nuvoTon

Nu-Link2-Me

Vv

1.8V,3.3V,
50V



Nu-Link2

e SWD/JTAG/ETM interface
* ETM trace speed up to 96 MHz
* Unlimited breakpoint
* Step(s) execution

e Support CMSIS-DAP

* I2C

e SP|

* UART

* RS-485

* CAN

* Pulse capture
e ADC conversion

Debugger Programmer

| High Performance | Il "I Fast Programming |

‘Nu-Link2

| Real-time Monitor| ' |Communication|

Analyzer Bridge

Toy of inwovation

nuvoTonN

In-circuit programming (ICP)
In-system programming (ISP)

ICP via SWD/JTAG interface

ISP via multi-path bridge

PC control and stand alone ICP/ISP
Drag & drop flash programming
Automated Programmer header
External storage for stand alone
ICP/ISP: SD card, SPI flash
Selectable SWD output voltage

Multi-path bridge (1°C, SPI, CAN,
UART, RS-485)

USB 2.0 High Speed interface
USB Bridge (I2C, SPI, CAN, GPIO,
UART, RS-485, PWM)

Virtual COM port



° Toy of inwovation
NU-LII‘Ikz nuvoTon

— All-in-one probe for NuMicro Family Microcontrollers

* In-Circuit Programming * In-System Programming
- via SWD/ITAG interface - via multi-path bridge
+ Selectable SWD output voltage (1.8/2.5/3.3/5.0 V) - Supports PC control and stand alone ISP
- Supports PC control and stand alone ICP + PCcontrol
¢ PC control m ISP Programming Tool
= ICP Programming Tool with image file protection + Stand alone
m Drag & drop flash programming m SD card and SPI flash as image file storage
+ Stand alone m Press-to-start button
= SD card and SPI flash as image file storage
s Press-to-start button *  External Flash Programming
m Automated Programmer header = On-board 5Pl flash Programming

s Powered by USB or target-powered via SWD interface




of innovat

Nu-Link2 nuvoTon

— All-in-one probe for NuMicro Family Microcontrollers

°* Debugger °* Analyzer

- Interface: SWD /JTAG / ETM - SPI, I1°C, CAN, UART and RS485 signal monitor
- ETM trace speed up to 96 MHz - ADC conversion results
- Unlimited breakpoint and step - Pulse capture

execution * Bridge
= Support CMSIS-DAP - Multi-path bridge
- Monitor data in specific area (12C, SPI, CAN, UART, RS-485)

(e.g. RAM, flash, or register) - USB 2.0 High Speed interface

- USB Bridge

(12C, SPI, CAN, GPIO, UART, RS-485, PWM)
- Virtual COM port




Microchip

ST Ti ARM NXP MPLAB PICkit
ST-Link V3 MSP 430 ULINK plus|LPC-Link2 4
M4 ? M4 ? M4/MO M4
M Uss s USB HS USB HS USBHS  USBHS USB HS
Output Voltage 1.8~5.5V No support 1.8~73.6V ? ? 1.2~5.5V
swo 2 3 24 MHz 8 MHz 50 MHz V Vv
JTAG 2 MHz 21 MHz 8 MHz 10 MHz \Y -
ETM 96 MHz - - - - -
CMSIS-DAP Vv - \Y, \Y \Y -
Virtual COM port Vv Vv \Y Vv -
Drag-and-drop Flash programming | Vv - - - -
Program external SPI Flash Vv - - Vv - -
Offline Programming Vv - - - - Vv
Control Bus for IC programmer Vv - - - - -
8MB - - - 8MB -
SDCARD - - - - \Y
mmm— 1 : : : : :
Analog 1/0 - - 4 - -
v : : : v :

12C/SP1/RS485/CAN/Captur i
e

. SPI/UART/12C/ 12C/SP1/UART/
2 2 2
Bridge 12C/SPI/UART/ RS485/CAN CAN/GPI I2C/SPI/UART GPIO GPI 12C/SPI/UART




Toy of inwovation

ICP Programming Tool Rkl

— Mass production software tool to program on-chip flash memory with Nu-Link

* Supports on-line/off-line programming.

* Supports erasing/programming flash
memory region(s).

* Supports setting and programming
software serial number.

® Supports Nu-Link Certification v

- Supports firmware image files bound =
with certain Nu-Links.

- Supports encrypted project file for
electronic copy protection and
content protection.




of innovation

Nu-Link Certification AuvoTon

— Firmware image file protection supported by ICP Programming Tool

®* Scenario

The product is expected to begin mass production.
- How to pass the firmware image file to manufacturer in a secure way?

- What if the manufacturer secretly use the firmware image file to make products
by themselves?

- What if the factory sell the firmware image file?
* Tip
- Use Nu-Link and ICP Programming Tool to protect your hard work.

- FAQ No.44 ( https://www.nuvoton.com/hq/support/faq/801a0216-de9c-
11e4-b643-4511a3410ebb/? locale=en)



https://www.nuvoton.com/hq/support/faq/801a0216-de9c-11e4-b643-4511a3410ebb/?__locale=en

Toy of tumovation

Nu-Link Certification (2/3) nuvoTon

— Firmware image file protection supported by ICP Programming Tool

Factory @ Program
with the Nu-Link Developer
Create Nu-Link
certificate file Certificate
file Set limitation in the
project.
Factory @ Export er\crypted
use the same Nu-Link Encrypted project.
Import encrypted £ITeljEEs
project
Benefits

. 1. 3-step firmware image file protection when mass production.
SERS PR Y Encrypted file can only be decrypted by the cert-creating Nu-Link.
3. Factory is not allowed to do unlimited mass production without
the permission of developer.




Toy of inmovation

Nu-Link Certification (3/3) nuvoTon

* Step 1 - Factory creates Nu-Link certificate ® Step 2 — Developer exports encrypted

file and send to developer. project with Nu-Link certificate file inside
r’ Muvoton MuMicro ICP Programming Tool 1.30 - M451 series and Send to faCtory' )
Project Chips | Tool | Language «* MNuvoton NuMicro ICP Pragramming Tool

nuv e llata Project | Chips Toel Language
Status Create Mu-Link Certification File o » n E
o=

Dizconnect Chip Connected with Mu-Link [ID: 7788db05)

i ™
Export Option - . —— ﬂ

¢ Ste p 3 - Fa Cto ry i m po rts p rOJ eCt an d Sta rts Bind to ohe Mu-Link and limit the masinum programming number

p rog rammin g ° Target Mu-Link's Certification file Help
C:\UsershtechiuT\DesktopWNu_|CP_T est\345 ict . Browser

, ~
# Muvoton MuMicro ICP Programming Tool

Language P & number

N
i

| [ Disconmect ] Chip Connected with Mu-Lin




1T 8051 with ICP Programming Tool AUVGToN

* Note: While creating connection with NuMicro® Family 1T 8051 MCUs, ICP
Programming Tool will reset chip serval times.

# MNuvoton NuMicre ICP Programming Teol 3.00 - 30531 1T Series - *

Project Chips Tool Language Help

nuvoTon
Status

Chip Connected with Mu-Link2 (10: 18000040]
Part Mo Mos1PCOAE | LDROM.OK, APROM:32K, SPROM:128, RM: 256, XRAM: 2K
: LIDAJCID: .

—l!'—

-

e aaaam e T R B e A LTl e a e aTae  T o R T

g1 [ (e o g e

T e u‘t-'-rﬂ.-"-mpw..-ﬁ--u'r-'r-m-ru-Lnarw-wﬂ.tq-*n-i-x-.---—*l.-ﬂ-w-l}--'qr-»,n\--w-.-\--n‘-.-i-rrrq'-\-:-mﬂn*-mh-.-i.v-m- R T L S



Toy of inwovation

Nu-Link Command Tool nuvoTon

— Customize Programming Tool for Nuvoton NuMicro Family microcontrollers

evice ‘ SWD I/F
H

* Capable of managing up to 16 Nu-Link
with 4 USB hubs

® Supports programming up to 16 target
chips simultaneously

® Supports 11 commands and execution
options

* Executes commands and log message
from Vendor GUI or scripts to control
the programming process

..... ¥ -
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Nu-Link Command Tool - Resource nuvoTon

— Customize Programming Tool for Nuvoton NuMicro Family microcontrollers

* Download Link FRTTvTT -
= http://www.nuvoton.com/opencms/resource- =)
download.jsp?tp GUID=SW0520160317094731 ﬁ :
(e ]

Command List

- \Program Files\Nuvoton Tools\NuLink Command Tool 2.0\
UM_EN_Nu-Link_Command_Tool.pdf

NuLinkVendorUI

Error Code List
= \Program Files\Nuvoton Tools\NuLink Command Tool 2.0\ReturnCode.x|sx

Ul for Customization
= \Program Files\Nuvoton Tools\NuLink Command Tool 2.0\NuLinkVendorUl.zip



http://www.nuvoton.com/opencms/resource-download.jsp?tp_GUID=SW0520160317094731

Toy of inmovation

nuvoTonN

Nu-Link Command Tool - Batch Example

— Customize Programming Tool for Nuvoton NuMicro Family microcontrollers

* Batch Example for Erasing and Programming APROM

- Show message and log error code

:ErrorLog

@set x=%date:~0,4%%date:~5,2%%date:~8,2%

@set y=%time:~0,2%%time:~3,2%%time:~6,2%

@echo Error Code = %ERRORLEVEL% >> Error-%x%-%y%.txt

@echo test
NuLink.exe -e APROM
@if %ERRORLEVEL% EQU © (
@echo Erase APROM OK
NULink.exe -w APROM C:\APROM.bin
@if %ERRORLEVEL% EQU © ( :Finish
@echo Program APROM OK
@goto Finish
) else (
@echo Program APROM Error
@goto ErrorLog
)

) else (
@echo Erase APROM Error

@goto ErrorLog
)




Toy of inwovation

Writer DIY nuvoTon

— Programmable writer with flexible programming flow and HMI connection

* Provides programming flow library and
reference circuit

* Provides multiple programmable *UptOSta.t{.;et Dewce*
connection between Writer DIY and
HMI, e.g. USB, UART, I2C, GPIO, etc. Writer DIY
® Supports programming up to 8 target
HW simultaneously | USB | t | GPIO |
* User-defined test flow can be

programed into Writer DIY




of immovat

Nu-Link-Gang Programmer el

— Mass production tool suitable for automatic IC Programming System

* Supports all Nuvoton NuMicro® Family
and 8051 1T series and packages.
* Flexible Programming setting:
- 3 options of programming voltage:
1.8V, 3.3V,and 5.0 V.

- Off-line programming 4 different
chips simultaneously or individually.

- Supports automatic IC Automatic

programming system. IC Programming
System

Programming
Adapters




Toy of inwovation

ISP Programming Tool Rkl

Upgrade Tool for firmware upgrade through serial interface

* Supports standard ISP protocols via NuMicro m

UART and USB. Cortex-M '

uss I/F B

Provides firmware and application tool
source code.




Toy of tumovation

Nu-Link2 ISP Programming Mode PRIV

— Firmware upgrade through Nu-Link2

On-line and off-line firmware upgrade
® Supports standard ISP protocols via SPI,
12C, UART, RS485, CAN or USB

Provides firmware and application tool SPII/F
source code

12CI/F

USB I/F
CAN I/F

UART I/F

NuMicro RS485 I/F

Cortex-M




Jo of tnmovation

Nu-Link2 On-line ISP Programming Demo (1/3)’veTen

°* Preparation
= ISP Programming Tool (latest version)
Nu-Link2 (latest version)
Target board with standard ISP code in chip’s LDROM
USB wire between Nu-Link2 and PC
- Communication wire between Nu-Link2 and the target board

* Connection (use I2C I/F for example)

USB(For Power)

Nu-Link2

nuvoTon

. UsB(For ISP)

el Computer




Nu-Link2 On-line ISP Programming Demo (2/

Jo of innovation

voTon

e Step 1 — Open ISP Programming Tool and select connection interface to

“HID to 12C” to create connection.

“w Nuvoten MuMicro ISP Programming Tool

NUvoTON =
Connection Interface Status
HID to 12C ~ Connec
HEET Fart Mo
HID ta SFI

. HID to R54585 g

HID to Gk C:hrusotonhE
R —

zize; BYEZ Byt

nming Tool 3,04

Statuz

Disconnected|  Connected

APROM: 128K, Data: O,

Part Mo, |MDE1SE3.L‘-.E P Ver: (a4




Nu-Link2 On-line ISP Programming Demo (3/ s

* Step2-

Load File
APROM

Drata Flazh

* Step3-
* Step4d-

Prograrming

2] 4PROM

* Step5-

Load APROM firmware image file.

File Mame: | C:hnuvoton\BSPWA031_Seres BSP_CMSIS

zize: 5752 Bytes, checksum: acal

File Mame: |

File not load.

Set config value.

Set programming area.

[JData Flash Config [ Erase &l [JReset and Fun

Start programming.

Start

of tnmovation

Chip Options

Brown-out Yoltage Options

® 25/ Oz2o [ Brown-out Reset [ Brown-out Detectar

LWR Level Options
(CILYR_0UT from LVR1E

HT Mode Options
(Owork as External Clock Mode

Chip Rezet Time Extend Options
(0) Extend Reset Time to 26.6ms

RST Pin‘\width Options
(O Debounce 'width 2us

Boot Optiong
LDROM
LDROM with [P

1400 Initial State Options
(O Quasi-bidirectional Mode

[rata Flash Options

[ Data Flash

['watchdog
[ Security Lock
Config Walue

Config 0: | 02FFFFFF7F

(® LVR_OUT from LYR17

(®) Work as Crystal Mode

(®) Extend Reset Time to 3.2ms
(®) Debounce Width 32us

APROM
APROM with [P

(®) Input Tri-state Mode

Base Address: Ok FFFFF

Data Flash Size: | 0.00K =

[ atchdog Clock Power-down
[JICE Lock

Config1: | 0wOOOFFFFF

Cancel

voTon
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Nuvoton 8051 Supported Tool List AuVGToNn

IDE and Compiler

KEIL C51 8-bit

| IAREWS8051 8-bit (1T)
Debugger & Programmer
Nu-Link Adapters 8-bit (1T)
Nu-Link-Gang 8-bit (1T)
Programming Software Tool
ICP Programming Tool 8-bit (1T)
Nu-Link Command Tool 8-bit (1T)
ISP Programming Tool 8-bit (1T)
Development Software Tool
Nu-Link Keil Driver 8-bit(1T)
Nu-Link IAR Driver 8-bit(1T)

PinConfigure ML51 Series



Online Resource

www.nhuvoton.com

o T —
| NuForuin @B 2tic BB v

* http://forum.nuvoton. ¢ http://www.nuvoton-MCU. ¢ http://bbs.21ic.com/ https://www.facebook.com/ ID: nuvoton_mcu @NuvotonMCU

com com iclist-187-1.html NuvotonNuMicro/
@550 EEHE
N es 2T 21|
:'E. ¥ Q%I’i =)
@:-.-FE‘;E_ (O QR

C) GitHub| &) GitLab 555 nuvoTon X trawcon

* https:// github.com/ * https://gitlab.com/ * https://gitee.com « https://direct.nuvoton. * http://nuvoton.tmall. « www.tedesign.com
OpenNuvoton OpenNuvoton /OpenNuvoton com com/ /market/nuvoton
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The System Debug

Check MCU power voltage (VDD and AVDD) in work range.

Symbol Parameter Min Typ Max Unit Test Conditions
Ta Temperature -40 - 105 C
Voo Operation voltage
Avodt™  |Analog operation voltage v
117 1.30 Ta=25"C
Vag Band-gap voltage® 122
1.14 1.33 Ta=-40°C ~105 °C,

|Note:

1.1t is recommended to power Vpz and AVpp from the same source. A maximum difference of 0.3V between Vpp and
AVpp can be tolerated during power-on and power-off operation .

2 Based on characterization, tested in production.

Toy of tumovation

NnUvoToN



Toy of tnmovation

The System Debug nuvoTon

* Check reset pin voltage and schematic.

* Ifreset pin in low state, MCU is keep reset.

Symbol Parameter Min Typ Max Unit Test Conditions
ViR Negative going threshold, nRESET - - 03V | V oDvCC
ViR Positive going threshold, nRESET 0.7Voo - - A
45 - 60 Vop =55V 10K
|R==""  |intemal NRESET pull up resistor KQ ) nRESET
45 - 65 Vop=24V Reset E|! 1
H i 10 uF
- 15 - Normal run and Idie mode Circuit
k== NRESET input response time s
10 - 25 Power down mode
INotes:
1. Guaranteed by characterization result, not tested in production.
2. ltis recommended to add a 10 kQ and 10uF capacitor at nRESET pin to keep reset signal stable.




Toy of inmovation

The System Debug FAPRSUSIES

* Check ICE/ICP pin for schematic.
* Use Nulink and ICP Tool to connect target chip.

" Nuvoton MuMicro ICP Programming Tool 3.01 - 8051 1T Series — >
DvVCC
Project Chips Tool Language Help ICE/ICP
NUVO T O N P Interface
100K] | 100K|
Status < Voo
1
Chip Connected with Nu-Link (ID: 180011 5] ) m—— % i
et i aE1FEaaE | LDROM.OK, APROM: 16K, SPROM:128, RAM: 258, XRAM. 1K s S Ve
' LIDAICID: ..




The System Debug

* Check MCU Config Setting.

- MCU boot in APROM or
LDROM.

- WDT is enable, code no
clear WDT counter, MCU
always reset in 26 sec
later.

- Brown-out voltage (<
system voltage) and reset
enable.

Toy of inmovation

nuvoTonN

B Chip Opticns

Boot Options
(®) APROM

() LDROM

LDROM Size Optiohs
(® Mo LDROM

() LDROM = 1KB
() LDROM = 2KE
() LDROM = 3KE
() LDROM = 4KE

Security Lock,
[10CD Enable
P2.0/R5T Pin Function
(®) P2.0 as the external rezet pin
() P2.0 a3 the input-only pin
F'bd output state under OCD halt
(®) Tri-state
() P continues

Brown-out Detector Uphons

2y Q2w

Brown-out Detect Enable
[ Brown-out Inkibiting 1&P

Oan ® 4.4

Brown-out Reset Enable

WwDT Options
(®) Dizabled.

(C) Enabled and stop running in |dlePower-down mode.

() Enabled and keep unning in |dlie/Power-down mode.

Confhig alue

Canfig O OxFD Config 1: OxFF Canfig 2 0=C7
Config 3 0xFF Canfig 4: 0=FF

Cancel
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The System Debug FAPRSUSIES

* Check Enable Erase, program and verify in ICP

+# Nuvoton NuMicro ICP Programming Tool 3.01 - 8051 1T Series " Program Option b4

Project Chips Tool Language Help

NUVOTON I

Status
. . Frogram
Disconnect Chip Connected with Nu-Link (ID: 180011d5)
“erify

LDROM.OK, APROM. 16K, SFROM, 128, Rh, 256,
(R MSBIFBSSE | ipsLciD: . [ Wiie Software Serial Number

Load File Rezet Chip after Programring
LDROM File: Name: |C-\LDF‘UM-hEx [ Oifline: Programming Made

Erase ‘whale Chip

File not load.

Softwiare Serial Number (SN
APROM | FileMName:  [Clsers\ch\DeskiophSW_NTEEDD3 CloseLospBLOC oftwars Seial Number (SN)

: Increase SH from [, | 18000000
File: ot load

SPROM File Marne: |C.\S PROM.hex “write Address in Flash 0y | 000047FC
File: not load.

Config Bits Options for Offline Programming Mode

Setting Config0: | 04D Configl: | 04FF  Config2: | OxC7 <UE

Enter P d
Config3: | xfF  Configd: | OxFF nter Passimarn

Fepeat Password 000008
File Data On-board Flash Offline Flash
LOROM  APROM SPROM LDROM APROM SPROM LDROM AFROM  SPR

Use Password for Offine Data

Limit The Mumber of Offline Fragramriing

ax Mumber 100
Auta-programming [ttention!]

Trigger by external input signal

Au—Limk Pro 10 Voltage

Paower control is used on Nu-Link-Pro, and is walid only if target
power iz not detected,

Frager mng 18V 257 £k 5.0V
DROM [ aPROM []sPROM [ Config I Options

Default Cancel




Is There a Way to Protect MCU

The APROM, LDROM is protect by config setting, code lock for
security by CONFIG

Yes, the prohibit access (Read / Write prohibition) of the whole ROM
area(APROM, LDROM).

If MCU is lock (config lock is set), the APROM, LDROM is protect state,
the general EPROM programmer/GANG programmer and NUVTON
ICP)cannot read flash context.

The general EPROM programmer/GANG and NUVTON ICP
programmer operation flow,

Erase APROM, LDROM, data flash => write APROM, LDROM, data
flash => verify APROM, LDROM, data flash => lock chip in config

After chip is lock state, all flash area can’t read by general EPROM
programmer/GANG and NUVTON ICP programmer, only erase whole
chip to unlock MCU.

Toy of tumovation

nuvoTon
B Chip Options X
Boot Options
(@) APROM Security Lock
() LDROM [] OCD Enable

LOROM Size Ophions P2 0/R5T Fin Funchion

(@) No LDROM ®) P2.0 a3 the external reset pin
() LDROM = 1KB () P2.0 as the input-only pin

) LDROM = 2KB Fasbd output state under OCD halt
() LDROM = 3KB (®) Tri-state

() LDROM = 4kB () P continues

Erown-out Detector Optiong

Oz Oan @k (@) 4.4

Brown-out Detect Enable Erown-out Fleset Enable
[ Broven-out Inhibiting L&P
WDT Ophions
(®) Dizabled.
() Enabled and stop running in |die/Power-down mode,
(Z) Enabled and keep munring in ldle/Povwer-down mode.
Config Walue
Config0; | OxFD Conrfig 1. | OxFF Config 2 0xC7

Config 3: | O=FF Config 4: | OxFF

Cancel
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Why SFRS is "push” / "pop" with Interrupt? nuveTon

° It want to avoid unexpected results while the value of SFRS Register
changed before ISR occurs

-

6.1.7.1 SFR Page Selection

To accommodate more than 128 SFR in the 0x80 to OxFF address space, SFR paging has been
implemented. By default, all SFR accesses target SFR Page 0. Duning device initialization, some SFR
located on SFR Page 1/2 may need to be accessed. The register SFRS is used to switch SFR
addressing page.

Note: In particular, since the interrupt is unpredictable, it is recommended to add following action in
each interrupt subroutine. Push SFRS in the stack at the beginning of the interrupt vector program and
pop SFRS when exiting the interrupt.

void PinlInterrzupt ISR (vedd) dntezzupc 7

{
_push_ (5FR3);

BIF = 0;

_pop  (5FRS5)
}




Toy of inmovation

What's GPIO Application nuvoTon

* A, Output Mode:

A-1, Push-Pull mode high source and sink current, it without external resistor to
output “High or Low state” in user code.

A-2, Open-Drain mode need external or internal resistor to output high,

A-3, Quasi mode have “very weak” pull-high register(110KQ-300KQ®@5V-2.5V) can
driver high.

High driver: Push-Pull mode > Open-Drain mode > Quasi mode

* B, Input mode:

B-1, Input mode for pure input function.

B-2, Open-Drain Mode need external or internal resistor to output high, The MCU
need output high to read high or low in pin register

B-3, Quasi mode have “very weak” pull-high register, it can driver high for read
high or low in pin register



Toy of inmovation

What's GPIO Application nuvoTon

* C, input/out mode:

C-1, Open-Drain Mode need external or internal resistor to output high, the NMOS
can driver to low, so need output high for external device drive to low. Link i2c
application.

The Open-Drain Mode can pull external 3V-5V voltage with external devices.

C-2, Quasi mode have “very weak” pull-high register. it can driver high for
external device to drive to low.

Output high: Open-Drain Mode > Quasi Mode
Speed: Open-Drain Mode > Quasi Mode

°* D, NC(float) mode:

D-1, For the floating pin please use quasi mode connect to GND, avoid GPIO leakage
and noise input.



What's the internal pull high resister value

Toy of inmovation

nuvoTonN

- e e e

e e g a e ———

Ro 117

Pull up resistor

Vo = 5.5V, Quasi mode and

40 60 Input mode with pull up enable
kO
40 60 Voo = 3.3V, Quasi mode and
Input mode with pull up enable
40 70 Voo = 1.8V, Quasi mode and

Input mode pull up enable




What's PWM output highest frequency @50% duty Top of nmovat

AuvoTon

The PWM hardware design is same for MS51 and ML51.
PWM clock source 24Mhz, PWM clock divider 1.
PWMnPH, PWMNnPL register value =>3

PWMnCHxH, PWMnCHXxL register value=>2

The PWM output max speed 6Mhz for 50% duty @3.3V

M 100ns T Pos: 50.00% 1GS/ls  MEASUH
CH1 Frequency




Toy of inmovation

Why to Updated PWM Frequency and Duty in Code nuvoTon

If your want load new value to PWM Frequency and duty register, you must set LOAD bit in
PWM control register.

PWM1PH = 0x03; /*Setting PWM period */

PWM1PL = OxFF;

PWM1COH = 0x0; /*PWM1 high duty = 1/2 PWM period */
PWM1COL = OxFF;

PWMOCONQ =PWMOCONO|0x40; //set PWMOCONO load new value to PWM duty

6 LOAD PWM new period and duty load

This hit is used to load period and duty control registers in their buffer if new period or duty
value needs to be updated. The loading will act while a PVWM period is completed. The new
period and duty affected on the next PWM cycle. After the loading is complete, LOAD will be
automatically cleared via hardware. The meaning of wriiing and reading LOAD bit is different.

Wiriting:

0 = No effect.

1 = Load new period and duty in their buffers while a PWM period is completed.
Reading:

0 = A loading of new period and duty is finished.
1 = A loading of new period and duty is not yet finished.
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What is the pull-up resistor value for 12C bus? nuvoTon

For the standard-mode I2C-bus system, the resistor value Rp in the figure above is determined by the
following parameters:

I2C speed;

Supply voltage;

Bus capacitance;

The number of connected devices (input current + leakage current).

The supply voltage (V) and the maximum output LOW level determine the minimum value of pull-up
resistor Rp.

For example, a supply voltage of 4.5V, V,,= 0.4 V and Rp is 4.7 kQ.

| 10 16 20 | ma |Voo=45V,Vs=045Y
Sink Current PA, PB, PC, PD, L

PE (Quasi-bidirectional and lsxi 7 10 13 | mA Moo=27V.Vs=045V
Push-pull Mode)

lasesa 6 ] 12 | ma Moo=25V,Vs=045V




What is the pull-up resistor value for I2C bus

(4.5-0.45) /4700 = 8.617 mA < Sink current.

Toy of tumovation

NnuvoTon

The maximum bus capacitance of the value Rp limits is approximately 400 pf (capacitive load), calculated
by cut-off frequency (1/2 * pi * Rp * Cb), to meet the requirement that the maximum tr (SCL/SDA rising

time) is 300 ns.

i Dynamic Characteristics

Symbol Parameter Standard mode[1][2]| Fast mode[1][2] Unit
Min Max Min Max
(G SCL low period 4.7 12 uS
i SCL high period 4 0.6 us
tsu; sta Repeated START condition setup tim{4.7 1.2 us
T, 574 START condition hold time 4 0.6 usS
tsy: sto STOP condition setup time 4 0.6 uS
taue Bus free time 4.7% 1.25! u$
tsu-par Data setup time 250 100 nS
thpoar Data hold time o' 3.45P! gt 0.8"! us
t, SCL/SDA rise time 1000 20+40.1Cb|300 nS
ts SCL/SDA fall time 300 300 nS
C, Capacitive load for each bus line 400 400 pF




f

Do Nu-Link Debugging Tools Support 8051 Series Chips ruvoTon

* Nuvoton Nu-Link Debugging Tools include Nu-Link-Me (ICE), Nu-Link-
Pro (ICE), and Nu-Link (ICE), and support 1T 8051 chips, such as ML51,
MS51, N76E003, N76E616, and N76ES885.

* Other older 8051 series are not currently supported and require
additional tools for debugging.
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Timer Stopped During Single-step In Keil Debug Mode nuvoTon

Keil can turn off the peripheral clock in Debug mode to achieve the effect of
stopping the Timer in a single-step. However, after this setting is made, the
peripherals will have no action during single-step execution such as PWM output.

To suspend the Timer in Debug mode, please follow the steps below:

. 1 . 1 o | Regbasea RS ]
(1) Click the © Options for target” icon .
Device | Target | Output | Listing | User | €51 | A51 | BL51 Locate | BLS1 Misc | Debug  Uliiies
. ° i~ Configure Fash Menu Command
(2) cllck the Settlngs button 1% Use Target Driver for Flash Programming ™ Use Debug Driver
INuvmnn 8051 Keil C51 Driver ;Ii Seftings I ¥ Update Target before Debugging
3 U h k 7] E bl PCLK" I Fie: Nu-Link Driver Setup X
( ) nchec na e € Use Brtemal Toolfor [ MHink
Command =
Arguments:
™ Funl
i~ Flash Programming
@ Erase Full Chip [¥ Program Flash
LOAD
&i " Erase Used Sectors W Verily Flash
" DoMotErase [ Update SPROM Help
' Supparting Forum -
EM: hitpe/ffarum. nuvatan. com
SC: hittp: /e nurvoton-meu.comdfarm. php




How to configure UART Rx Function if pin has UART oy of invovation
Rx and nRESET functions nuvoTon

Take MS51DA9AE for example. After power-on, P2.0 can configure as the external reset pin
or an input-only pin. By default, P2.0 is configured as external reset pin.

Only when P2.0 is configured as an input-only pin can user select alternate function. Take
UART Rx function for example. Please follow the steps below.

Program RPD (CONFIGO0.2) as 0 by ICP tool. The purpose is to configure P2.0 as input pin
available.

Remove pull-up resistor from reset circuit. The purpose is to avoid that 10 can’t drive the
signal low by external sources with pull-up resistor.

F2.0/85T Pin Funchion
() P2.0 as the extemal reset pin

(@) P2.0 az the input-only pin



What are The Different Points Among INT0/1 and PIN T
Interrupt

NnUvoToN

The pin interrupt only support port select, pin interrupt only support
port select is a mount of GPIO (Enable interrupts only for ports
required by PINENx or PIPENXx) share same interrupt handler. Once
interrupt event happened, software should check which 1/0 is the
trigger source. Hence, it will spend some time for check (if... else if ...)
the event source.

EINTO and EINT1 is only service for one GPIO and it should not spend
time to check the trigger source. Hence it can respond the interrupt
event immediately.



Toy of inmovation

How to Estimate The Total ADC Conversion Time AuvoTon

The total ADC conversion time follows the equation below: By il = o — Unid  TestCondiions
T, |Temperature -40 - 105 C
T = T + T AN (Analog operating voltage a7 - 55 v AVoo = Voo
ADC smp conv Vees |Reference voltage 27 - AVpe v Viner = AVeo
Vi  [ADC channe! input voltage 0 - Vier v
Where o0 = Voo =Ygy = 55
o™ Spﬂ:..tnrgm]c.um Wea = - - 418 HA : = 500 kHz
Tapc = total conversion time - e
Mp  |Resolution 12 Bit
TSMP = sampllng time Faoc |ADE conversion rate B B 500 W [T WTaee
Tanc = Teup + Tooan
T.ony = CcOnversion time = 1.625us . o . 2z N i
Tewr |Sampling Time Fsys = 24MHz;
0417 - 154 ps ] -
For Min. ADCAQT =1
Teawe |Conwversion time - - 1.55 us
Tes  |Emable to ready time 20 - - us
The sampling time follows the equation below: INL [integral Non-Linearity Error 2 - +3 LS8 [Vper = AVgo Vg
pnLr |Differential - Non-Linearity 2 - 4 LSB  [Viner = AVee=Vieo
4%*ADCAQT+6 Error
Top=—"""—" where FADCAQT = P.'sys Ea™ |Gain error a5 - 04 LSB  [Veer = AV Veo
FapcaqQr - ——
Ex 'y |Offset emor -2 - #28 LSB Vier = AVee=V e
4%0+6 ES" |Absolute Emor T +7 LS8 Ve = AVee=Vee
With the condition F = 16MHz, Tsyp(min) = Tenie - 0.375us Notes:

1. Guaranteed by characterzation result, not tested in production.
4"ADCAQT +6 o

2. ADC sampling time =.
Fapcaar

©peac i5 defined in ADCDIV (ADCCOM2[3:1]). As default Fypepgr = Favs

(ADCDIV=D),

3. Since the minima sampling time must over 370ns that means when Fapcaor = 24MHz. ADCAQT should be defined as
1 at least. This value is defined by software.

The ADC controller supports continuous conversion mode and interrupt conversion mode, and the specific calculation formula is
detailed below.




Toy of inwovation

How to Estimate The Total ADC Conversion Time AuvoTon

1. Continuous Conversion Mode
The total ADC conversion time is  Tapc(min) = Tsamp(min) + Tcony = 0-375us + 1.625us = 2us

then the ADC conversion rateis F,pc = T; =500 kHz
ADC(min)

2. Interrupt Conversion Mode

Setting ADC converting software start trigger bit and waiting for ADC flag to be set requires about 9 cycles, as shown in the figure below.

The total ADC conversion time is  Tapc(min) = Tsmp(min) + Tcony + Ti =0.375us + 1.625us + Q*ﬁus =2.5625us

nstruction cycle

1

then the ADC conversion rateis F,,c = ——— =390 kHz Thus, the ADC conversion rate is 390 kHz.
T ADC(min)
Disassembly

C:0x0EFF 7E36 OV RE, #O%36

C:0x0F01 TDEE HOV RS, #0x6E

C:0x0F03 JCo1 HOA R4, #Ox01

:QOF0S 120703 LCiLl Timer2 Delav(C: 0703

4z elr_ ADCCONO_ADCF:

C:0x0F03 S3IESTF ANL ADCCONO (O=ES) , #0x7F
43: ser_ADCCOND_ADCS: /f ADC starc trig signal

C:0x0F0B 43ES40 ORL ADCCONO (OxEB) , #BYTE_TMF {Ox40)
44z while (ADCF == 0):

C:0x0F0E JOEFFD JNE ADCF (OxES.7) ,C:0FDE
T P = ] ¥ L 240 B 3 B o e PE )

C:0x0F11 AFC3 HOV R7, ADCEH [0O%C3)

C:0x0F13 EF HOW A, R7

C:0x0F14 T5F010 MOV B (DOxFO) , #0x10

C:0=x0F17 A4 HUL LE




Toy of tumovation

What Type of RAM in 8 Bit MCU nuvoTon

In 8 Bit MCU only support Code, data, idata, bdata, xdata.

code Program memory (64 KBytes); accessed by opcode MOVC @A+DPTR.

data Directly addressable internal data memory; fastest access to variables (128 bytes).

idata Indirectly addressable internal data memory; accessed across the full internal address
space (256 bytes).

bdata Bit-addressable internal data memory; supports mixed bit and byte access (16 bytes).

xdata External data memory (64 KBytes); accessed by opcode MOVX @DPTR.

Refer:

http://www.keil.com/support/man/docs/c51/c51 le_memtypes.htm



http://www.keil.com/support/man/docs/c51/c51_le_memtypes.htm

What is 8bit Timer AuvoTon

8051 timer is up counter, if thO, th1l initial value set 0xfff0, the Timer will count up from 0xfff0->0xfff1->...->0xffff->timer
overflow->timer interrupt

Timer Mode 0-3:

° Mode 0: 8192-(THx(8bit), TLx(5bit)) * timer clock source
° Mode 1: 65535-(THx(8bit), TLx(8bit)) * timer clock source
° Mode 2: 256-(THx(8bit)) * timer clock source

° Mode 3: 256-(THx(8bit)) * timer clock source

M1 | MO Mode Operation

0|0 0 (13-bit timer mode) | 13-bit timer/counter, 8-bit of THx & 5-bit of TLx

0 1 1 (16-bit timer mode) 16-bit timer/counter, THx cascaded with TLx

8-bit timer/counter (auto reload mode), TLx
1 | 0 2(8-bitauto reload mode) reload with value held by THx each time TLx
overflow

Split 16-bit timerx into two 8-bit timer i.e. THx

1 1 3 (split timer mode
(sp ) and TLx like two 8-bit timer




Toy of inwovation

How to Initial RAM to 0 nuvoTon

In “STATUP.A51" STARTURAST

107
° ° 108 TIF -IDATALEN <> -0

The code in the following red 1o | RO MOV. - .. RO, ¥IDATALEN -1
110 - - - e CLE- - - - - A

frame of "STARTUP.A51" 111 IDATALOOE: - - - - - - MOV- - - - - @RO, 2

° 112 - e DJMZ - - - B, TDATATLODP

recognized that the memory 113 ENDIF ’
114

was cleared to 0. 115 IF XDATALEN <>-0
116 - - - 0 e Mos . - .. DP:‘-:LF #XD;!.T;!.ST;LRT
117 - e MOV . - .- - E7,#LOW - (XDATALEHN)
118 - -IF. (LOW. (XDATALEN)) -<>-0
118 - - e MOV . - .- - &, # (HIGH - (XDATALEN)) -+1
120 - -ELSE
121 - - e Mos. ... _T{E-,#HIGH txDﬁT;&I-EN}
122 - -ENDIF
123 - - e CLRE:- - - o
124 XDATALOOP: - - - - - - MOVE . - - - EDPTER, L
125 .. IHC. - - - - DETR
126 - - e e DJNZ - - - -7, XDATALOOP
127 DJNZ - - - -E&, XDATALOOP
128 ENDIF




Toy of inwovation

How to Initial RAM to 0 nuvoTon

In the above assembler, the clear area of XDATA is specified from 0[H]
to XDATALEN (2FF [H] = 767).

STARTUR.AS1

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

;- BL51l-invocation:

. BL51 - <your -object - file list>, - STARTUP.OBJ - <controls>

;- -User—-defined Power-On Initialization of -Memory

;- 'With- -the following -EQU: statements - -the initialization -of memory
;- -at -processor -reset-can-be - defined:
H

P ; -the absolute - start-address-of - IDATA memory-is-always-0

IDATRLEN- - - - - - - - EQU----- 30H - - - - ;-the length -of - IDATA memory-in-bytes.
XDATASTART - - - - - - EQU- - - - oH------ ; -the absolute - -start-address-of XDATA memory
XDATATEH: - - - - EQU. ... OFFFH- - - .- ; -the length- -of - XDATA memory - in - -bytes.
PDATASTART - -+ - - - EQU. ... oH. - ; -the  absolute - start-address-of - PDATA -memory

PDATRLENM- - - - - - - - EQU----- oH- - - ;-the length -of -PDATA memory-in-bytes.

;- Hotes: - -The IDATA - space overlaps physically-the DATA-and-BIT areas-of -the
R 8051 -CPU. -At minimum-the -memory - space -occupied - from: the -C51 -
P run—-time -routines muast-be - set-to-zZero.



of tnmovation

How to Keep RAM Value in Software Reset ALVSToN

A, "STARTUP.A51" set xdatalen to "0x3ff"=>Change it to match the MCU

XRAM size, In MCU power reset or software reset, all XRAM is initial to
0.

B, "STARTUP.A51" set xdatalen to "0Ox2ff'"=>the revise XRAM(0x300-0x3ff)

no initial to 0 and keep the XRAM context value (0x300-0x3ff) in software
reset.

User can use _at_ (KEIL define) key word to access the memory address
in user define.

Refer:
http://www.keil.com/support/man/docs/c51/c51_ap_at.htm



http://www.keil.com/support/man/docs/c51/c51_ap_at.htm

Toy of inwovation

How to Set Default Variables to External RAM AuvoTon

Set Memory mode in “large: Variables in XRAM”

Options for Target 'Reghased’

Device Target |Output | Listing | User | C51 | A51 | BLS1 Locate | BLS1 Misc | Debug | Utiftes |

Muvaton MLE4SD1AE
ﬁmr |2-1.D ™ Use On-chip ROM (0x0-0xFFFF)
emory Madel: |Large: vanables in XDATA -
Code Rom Size: |Large: 64K program - v se On-chip XRAM (0x0-BxFFFY
Operating system: INone ;I
— Offchip Code memory — Offchip ¥data memory
Start: Size: Start: Size:
Eprom I I Ram I I
Eprom I I Ram I I
Eprom I I Ram I I
[ Code Banking Start: End [T 'far' memany type support
Banks: IE Bank Area: W OxFFFF [T Save address extension SFR in intemupts

ok | Cancel | Defaus Help




