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1 GENERAL DESCRIPTION

The NuMicro® M071R1/M071S is a 32-bit microcontroller based on Arm Cortex®-MO core targeted for
smart home appliance applications. It offers up to 72 MHz CPU frequency, 128 KB Flash memory for
code storage, 16 KB SRAM for runtime operation and configurable Data Flash memory for parameters.
Additionally, in response to the code security requirements, the MO71R1/M071S integrates flash security
lock to provide a secure code execution area to protect the developer's intellectual property. The
MO071R1/MQ071S also supports online updates using In-System Programmer (ISP), In-Circuit
Programmer (ICP) and In-Application Programmer (IAP). The In-System Programmer (ISP) with 8 KB
Loader ROM (LDROM) supports firmware updates through the Firmware Over-The-Air (FOTA) process.
Besides, a Peripheral Direct Memory Access (PDMA) is provided to reduce the data access overhead
of CPU core to peripherals.

The M071R1/M071S supports plenty of peripherals, including one built-in temperature sensor with 1°C
resolution, adjustable VDDIO pins to meet a wide voltage range from 1.8V to 5.5V, 6 channels of 16-bit
144 MHz high-speed PWM for precise control, 3 sets of UART, 2 set of SPI, 2 sets of I2C, and a Real-
Time Clock (RTC). The MO71R1/M071S also provides rich analog peripherals including 12 channels of
12-bit ADC and integrates one set of USB 2.0 full speed Device with on-chip PHY which supports crystal-
less in device mode.

1.1 Key Features Support Table

Product Line UART SPI 12C Timer PWM ADC USB Package
MO71R1 3 2 2 4 6 12 1 LQFP64(14x14)
MO71S 3 2 2 4 6 12 1 LQFP64 (7x7)

Table 1.1-1 M071R1/M071S Connectivity Support Table
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2 FEATURES
The equipped features are dependent on the product line and their sub products.

2.1 MO71R1/M0Q71S Features

® Arm® Cortex®-MO core
- Runs up to 72 MHz
- One 24-bit system timer
- Supports low power sleep mode
- Single-cycle 32-bit hardware multiplier
- NVIC for the 32 interrupt inputs, each with 4-levels of priority
- Serial Wire Debug supports with 2 watchpoints/4 breakpoints
Built-in LDO for wide operating voltage ranges from 2.5V to 5.5V
Flash Memory
- 128 Kbhytes Flash for program code
- 8 KB Flash for ISP loader

- Supports In-System-Program (ISP) and In-Application-Program (IAP) application code
update

- 512 byte page erase for Flash
- Configurable Data Flash address and size for 128 KB system
- Supports 2-wired ICP update through SWD/ICE interface
® SRAM Memory
- 16 Kbytes embedded SRAM
- Supports PDMA mode
® PDMA (Peripheral DMA)

- Supports 9 channels PDMA for automatic data transfer between SRAM and
peripherals

- Supports CRC calculation with four common polynomials, CRC-CCITT, CRC-8, CRC-
16 and CRC-32

® Clock Control
- Flexible selection for different applications
- Built-in 22.1184 MHz high speed oscillator for system operation
€ Trimmedto+1 % at+25°C and Voo =5V
€ Trimmedto 3% at-40°C ~+105°Cand Vop =25V ~55V
- Built-in 48 MHz internal high speed RC oscillator (HIRC) for USB device operation

(Frequency variation < 2% at -40°C ~ +105°C)
€4 Dynamically calibrating the HIRC OSC to 22.1184 MHz +0.25% from -40°C to 105
°C by external 32.768K crystal oscillator (LXT) or internal USB synchronous mode

- Built-in 10 kHz low speed oscillator for Watchdog Timer and Wake-up operation

- Supports one PLL, up to 72 MHz, for high performance system operation
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- External 4~24 MHz high speed crystal input for USB and precise timing operation

- External 32.768 kHz low speed crystal input for RTC function and low power system
operation

® GPIO
- Four I/0 modes:
€ Quasi-bidirectional
€  Push-pull output
4 Open-drain output
€ Input only with high impendence
- TTL/Schmitt trigger input selectable
- 1/O pin configured as interrupt source with edge/level setting
® Timer
- Supports 4 sets of 32-bit timers with 24-bit up-timer and one 8-bit prescale counter
- Independent clock source for each timer
- Provides one-shot, periodic, toggle and continuous counting operation modes
- Supports event counting function
- Supports input capture function
® Watchdog Timer
- Multiple clock sources
- 8 selectable time-out period from 1.6 ms ~ 26.0 sec (depending on clock source)
- Wake-up from Power-down or Idle mode
- Interrupt or reset selectable on watchdog time-out

- Supports 4 selectable Watchdog Timer reset delay period(1026, 130, 18 or 3
WDT_CLK)

® Window Watchdog Timer
- 6-bit down counter with 11-bit prescale for wide range window selected
® RTC
- Supports software compensation by setting frequency compensate register (FCR)

- Supports RTC counter (second, minute, hour) and calendar counter (day, month,
year)

- Supports Alarm registers (second, minute, hour, day, month, year)
- Selectable 12-hour or 24-hour mode
- Automatic leap year recognition

- Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4, 1/2 and 1 second

- Supports battery power pin (Veat)
- Supports wake-up function
® PWM/Capture
- Up to three built-in 16-bit PWM generators providing six PWM outputs or three
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complementary paired PWM outputs

Each PWM generator equipped with one clock source selector, one clock divider, one
8-bit prescaler and one Dead-Zone generator for complementary paired PWM

Supports One-shot or Auto-reload mode

Up to six 16-bit digital capture timers (shared with PWM timers) providing six
rising/falling capture inputs

Supports Capture interrupt

® UART

Up to three UART controllers

UART ports with flow control (TXD, RXD, nCTS and nRTS)
UARTO with 64-byte FIFO is for high speed
UART1/2(optional) with 16-byte FIFO for standard device
Supports IrDA (SIR) and LIN function

Supports RS-485 9-bit mode and direction control
Programmable baud-rate generator up to 1/16 system clock
Supports CTS wake-up function (UARTO and UART1 support)
Supports PDMA mode

® SPI

® I2C

Oct. 25, 2023

Up to two sets of SPI controllers

The maximum SPI clock rate of Master can up to 36 MHz (chip working at 5V)
The maximum SPI clock rate of Slave can up to 18 MHz (chip working at 5V)
Supports SPI Master/Slave mode

Full duplex synchronous serial data transfer

Variable length of transfer data from 8 to 32 bits

MSB or LSB first data transfer

Rx and Tx on both rising or falling edge of serial clock independently

Two slave/device select lines in Master mode, and one slave/device select line in
Slave mode

Supports Byte Suspend mode in 32-bit transmission
Supports PDMA mode

Supports three wire, no slave select signal, bi-direction interface

Up to two sets of I12C devices

Master/Slave mode

Bidirectional data transfer between masters and slaves
Multi-master bus (no central master)

Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus

Serial clock synchronization allowing devices with different bit rates to communicate

Page 11 of 91 Rev 1.03



NnUvoToN MO071R1/M071S
=

via one serial bus

- Serial clock synchronization used as a handshake mechanism to suspend and
resume serial transfer

- Programmable clocks allowing for versatile rate control
- Supports multiple address recognition (four slave address with mask option)
- Supports wake-up function
® USB 2.0 Full-Speed Device
- One set of USB 2.0 FS Device 12 Mbps
- On-chip USB Transceiver
- Provides 1 interrupt source with 4 interrupt events
- Supports Control, Bulk In/Out, Interrupt and Isochronous transfers
- Auto suspend function when no bus signaling for 3 ms
- Provides 8 programmable endpoints
- Includes 512 Bytes internal SRAM as USB buffer
- Provides remote wake-up capability
- Supports Crystal-less function
® ADC
- 12-bit SAR ADC with 1 MSPS(chip working at 5V)
- Up to 12-ch single-end input or 5-ch differential input
- Single scan/single cycle scan/continuous scan
- Each channel with individual result register
- Scan on enabled channels
- Threshold voltage detection

- Conversion started by software programming, external input or PWM Center-aligned
trigger

- Supports PDMA mode
® EBI (External bus interface)
- Accessible space: 64 KB in 8-bit mode or 128 KB in 16-bit mode
- Supports 8-/16-bit data width
- Supports byte write in 16-bit data width mode
96-bit unique ID (UID)
128-hit unique customer ID(UCID)

One built-in temperature sensor with 1°C resolution

Brown-out Detector

- With 4 levels: 4.4 VI3.7 VI2.7V/[2.2V

- Supports Brown-out Interrupt and Reset option
® |ow Voltage Reset

- Threshold voltage level: 2.0 V
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® Operating Temperature: -40°C ~ 105°C

® Packages:
- All Green package (RoHS)
- LQFP 64-pin(14x14) / 64-pin(7x7)
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3 PARTS INFORMATION

3.1 Package Type

Package is Halogen-free, RoHS-compliant and TSCA-compliant.

LQFP 64(7x7) LQFP 64(14x14)
MO71SD3AE
MO71SE3AE
MO71R1D3AE
MO71R1E3AE
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3.2 MO0O71R1/M071S Selection Guide

L L
2 w < <
) ™ (a2} ™
A L a =
PART NUMBER n 0 . by,
= = < =
o o N~ N~
s s o o
= =
Flash (KB) 64 128 64 128
Data Flash (KB) Config
SRAM (KB) 16
LDROM (KB) 8
PLL ( MHz) 72
LXT S
110 45
32-bit Timer 4
PWM 6
BPWM -
WDT/WWDT \/
RTC S
USCI* -
UART 3
2 SPI 2
=
3 12C 2
c
5
) SC/UART -
EBI S
LAN 3
12-bit ADC 12
ACMP -
USB 2.0 FS Device 1
PDMA S
Vgar pin \
ISO-7816-3 -
Package LQFP64(7x7) LQFP64(14x14)
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3.3 M071R1/M071S Naming Rule

MO 71 R1 D 3 A E
Core Line Package Flash SRAM Reserve | Temperature
Cortex®-M0 | 71: Home R1: LQFP64 D:64KB | 3:16 KB E:-40°C ~ 105°C
appliance
(14x14) E: 128 KB
S: LQFP64
(7x7)
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4 PIN CONFIGURATION

Users can find pin configuration information in the Multi-function Pin Diagram section or by using NuTool
- PinConfig. The NuTool - PinConfig contains all Nuvoton NuMicro® Family chip series with all part
number, and helps users configure GPIO multi-function correctly and handily.

4.1  Multi-function Pin Diagram

41.1 MO71R1 LQFP64-Pin(14x14) Multi-function Pin Diagram
Corresponding Part Number: MO71R1E3AE, MO71R1D3AE

N4
-

@x9 g 32
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== 588 2,33
a A A Ra) L < < n 45 3
£ £ << g g9 g v o
¥ ® & 9 9 2 222 | 1dd
O 0 OO0 0 v L= d<9@aa
[a N aNalNalNa) _‘(n_ﬂ_n_&ﬂ_ﬂ.QQ
L <2< 2 < OO0 ®Iswl283s 5
SOod 99 g )y d g R
<< s < <> L L0009
fdaadaa<x@@aadaacdadadd
OO rIrrifri
W N~ © D ¥ MO N A 0 O 00NN O Ww S M
YT T T T T T T OO MO MmO MM

AD8/ADC5/PA.5
AD7/ADC6/PA.6

32[] PB.9/TM1/UART2_TXD

31[] PB.10/TM2/UART2_RXD

30[] PB.11/TM3/PWM4

29[] PE.5/TM1_EXT/TM1/PWM5

28[] PC.0/SPIO_SSO

27[] PC.1/SPIO_CLK

26[] PC.2/SPIO_MISO0
MO?lRlEAE 25[] PC.3/SPI0_MOSIO
LQ FP 64- p | n 24[] PB.3/UARTO_NCTS/TM3_EXT/TM3/nWRH

23[] PB.2/UARTO_nRTS/TM2_EXT/TM2/nWRL

VRer

AVop

AD5/ADC7/PC.7

AD4/ADCB8/PC.6

AD3/ADC9/PC.15

AD2/ADC10/PC.14
AD6/ADC11/TMO/TMO_EXT/INT1/PB.15
XT1_OUT/PF.0

XT1_IN/PF.1 22[7] PB.1/UARTO_TXD
NRESET 21[7] PB.O/JUARTO_RXD
Vss 20[] UsB_D+
Vo 19[] USB_D-
PVss 18[] USB_VDD33_CAP
CLKO/TMO/STADC/PB.8 O 17[] USB_VBUS

O «4 N M < 1 ©
— N ™ < ©O© ~ 0 O A4 A A A A A -
OO n HEEEREREREREREREEE
S M EE Z A4 0 0 0 < W0 © N~ 2 9
e R T B B D Y. S R S = QI
£ 9%ygfggseags9
= aaQun v
28 ¥ 388387k53
Z < 0w n Im|0:\'_|:c4
5 448828 c 44
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= =
2 °2355
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Figure 4.1-1 MO71R1E3AE LQFP 64-pin (14x14)Diagram
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41.2 MO71S LQFP64-Pin(7x7) Multi-function Pin Diagram
Corresponding Part Number: MO71SE3AE, MO71SD3AE

N4
-
232 2 32
2239 22020 sS.9238
A A la) L < < n 45 3
< < < < S 9 d ® ¢ O (|
IS ® N =9 S 3222 1 1dd
RIRSIRS IR IS R~ N~
[a -y a Ry alya) o R G s M < N < M e O« R O I %)
L < <8< <L OO0 ®aIswP28s 5
IS @V 3 g ld @ e
<< << <> <L L LY 000
fdaadaa<x@@aadaacdadadadd
OO0O0O00O0O0O00000M0M0M00
QN © 1 S MO N d O O 0 N © W S M
YT T T T T T OO O M MO MM
ADB8/ADC5/PA.5 49 SZD PB.9/TM1/UART2_TXD
AD7/ADC6/PA.6 50 SlD PB.10/TM2/UART2_RXD
Veer []51 30[] PB.11/TM3/PWM4
AVpp 52 29D PE.5/TM1_EXT/TM1/PWM5
AD5/ADC7/PC.7 53 28[] PC.0/SPI0_SSO
AD4/ADC8/PC.6 54 27D PC.1/SPI10_CLK
AD3/ADC9/PC.15 55 26[] PC.2/SPI0_MISOO0
AD2/ADC10/PC.14 56 MO?lSESAE 25[] PC.3/SPI0_MOSIO
AD6/ADC11/TMO/TMO_EXT/INT1/PB.15 [|57 LQFP 64-p|n 24[7] PB.3/UARTO_NCTS/TM3_EXT/TM3/nWRH
XT1_OUT/PF.0 [|58 23[7] PB.2/UARTO_nRTS/TM2_EXT/TM2/nWRL
XT1_IN/PF.1 []59 22[7] PB.1/JUARTO_TXD
nRESET []60 21[7] PB.0O/JUARTO_RXD
Vss []61 20[] USB_D+
Voo []62 19[] USB_D-
PVss []63 18[] USB_VDD33_CAP
CLKO/TMO/STADC/PB.8 []64 (7) 17[] USB_VBUS
O 4 N M < 1 ©
4 N M < D © N~ 0 O A A A A A A -
b bouggdgdgoooog
1255239235858 87
0 d >0 < <aaoaaoanoa O
Qg ' &8 53233006 o
S 3 § X 30 £ Q
E a 2 0350 aed ko8
Z < [207;) | | | | c e -
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Figure 4.1-2 MO71SE3AE LQFP 64-pin(7x7) Diagram
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4.2  Pin Description

4.2.1 MO071R1/M071S Pin Description

Pin No. Pin Name Tl;ir?e Description

PB.14 /O |General purpose digital 1/O pin.

1 INTO | External interruptO input pin.
ADO I/0  |EBI Address/Data bus bit0
PB.13 I/O  |General purpose digital I/O pin.

? AD1 I/O  |EBI Address/Data bus bitl

3 Veat P Power supply by batteries for RTC.

4 X32_0OuUT O External 32.768 kHz (low speed) crystal output pin.

5 X32_IN | External 32.768 kHz (low speed) crystal input pin.
PA.11 I/O  |General purpose digital I/O pin.

6 12C1_SCL /0  |12C1 clock pin.
nRD O EBI read enable output pin
PA.10 /O |General purpose digital I/O pin.

7 12C1_SDA I/O  |I12C1 data input/output pin.
nWR O EBI write enable output pin
PA.9 I/O  |General purpose digital I/O pin.

° 12C0_SCL I/O  |12CO0 clock pin.
PA.8 I/0 General purpose digital 1/0 pin.

° 12C0_SDA I/O  |12CO0 data input/output pin.
PB.4 /O |General purpose digital I/O pin.

10 UART1_RXD | Data receiver input pin for UART1.
PB.5 I/O  |General purpose digital I/O pin.

H UART1_TXD O Data transmitter output pin for UART1.
PB.6 I/0 General purpose digital 1/0 pin.

12 UART1_nRTS O Request to Send output pin for UART1.
ALE O EBI address latch enable output pin
PB.7 /O |General purpose digital I/O pin.

13 UART1 _nCTS | Clear to Send input pin for UART1.
nCSs O EBI chip select enable output pin

14 LDO_CAP P  [LDO output pin.

15 Vop P Power supply for /O ports and LDO source for internal PLL and digital circuit.

16 Vss P Ground pin for digital circuit.

17 USB_VBUS USB |Power supply from USB host or HUB.
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Pin No. Pin Name TF;/ipr;e Description

18 gSB—VDD%—CA USB |Internal power regulator output 3.3V decoupling pin.

19 USB_D- USB |USB differential signal D-.

20 USB_D+ USB |USB differential signal D+.

PB.O I/O  |General purpose digital I/O pin.

- UARTO_RXD | Data receiver input pin for UARTO.
PB.1 /O |General purpose digital 1/0O pin.

* UARTO_TXD O Data transmitter output pin for UARTO.
PB.2 I/0  |General purpose digital I/O pin.
UARTO_nRTS O Request to Send output pin for UARTO.

23 TM2_EXT | Timer2 external capture input pin.

T™M2 O Timer2 toggle output pin.

nWRL O EBI low byte write enable output pin
PB.3 I/0  |General purpose digital I/O pin.
UARTO_nCTS | Clear to Send input pin for UARTO.

24 TM3_EXT | Timer3 external capture input pin.
T™M3 O Timer3 toggle output pin.
nWRH (0] EBI high byte write enable output pin
PC.3 /O |General purpose digital I/O pin.

2 SPI0_MOSIO I/0 |15 SPI0 MOSI (Master Out, Slave In) pin.
PC.2 /O |General purpose digital I/O pin.

% SPI0_MISO0 I/O  [1% SPIO MISO (Master In, Slave Out) pin.
PC.1 /O |General purpose digital I/0O pin.

°! SPI0_CLK I/O  |SPIO serial clock pin.

PC.0 I/O  |General purpose digital I/O pin.

28 SPI0_SSO0 I/0 |1 SPIO slave select pin.

PE.5 I/O  |General purpose digital 1/O pin.

29 PWM5 /O |PWMS5 output/Capture input.
TM1_EXT | Timerl external capture input pin.
T™M1 O Timerl toggle output pin.

PB.11 I/O  |General purpose digital I/O pin.

30 T™M3 /O |Timer3 event counter input / toggle output.
PWM4 /O |PWM4 output/Capture input.

31 PB.10 I/O  |General purpose digital 1/0O pin.
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Pin No. Pin Name TF;/ipr;e Description

T™M2 I/O  |Timer2 event counter input / toggle output.
UART2_RXD | Data receiver input pin for UART2.
PB.9 I/O  |General purpose digital 1/0O pin.

32 ™M1 /O |Timerl event counter input / toggle output.
UART2_TXD O Data transmitter output pin for UART2.
PC.11 I/0  |General purpose digital I/O pin.

% SPI1_MOSIO 110 15 SP11 MOSI (Master Out, Slave In) pin.
PC.10 I/O  |General purpose digital I/O pin.

* SPI1_MISOO0 /0O |15 SPI1 MISO (Master In, Slave Out) pin.
PC.9 /O |General purpose digital 1/0O pin.

% SPI1_CLK /O |SPI1 serial clock pin.
PC.8 I/O  |General purpose digital I/O pin.

36 SPI1_SS0 I/O  |1% SPI1 slave select pin.
MCLK O EBI clock output
PA.15 I/O0  |General purpose digital /O pin.

¥ PWM3 /O |PWMS3 output/Capture input.
PA.14 I/O  |General purpose digital 1/O pin.

38 PWM2 /O |PWM2 output/Capture input.
AD15 I/0  |EBI Address/Data bus bit15
PA.13 I/0 General purpose digital 1/0 pin.

39 PWM1 /0 |PWML1 output/Capture input.
AD14 /O  |EBI Address/Data bus bit14
PA.12 I/O  |General purpose digital I/O pin.

40 PWMO /O |PWMO output/Capture input.
AD13 I/0  |EBI Address/Data bus bit13

41 ICE_DAT I/O  |Serial wire debugger data pin.

42 ICE_CLK | Serial wire debugger clock pin.

43 AVss AP |Ground pin for analog circuit.
PA.O /O |General purpose digital I/O pin.

“ ADCO Al ADCO analog input.
PA.1 I/O  |General purpose digital I/O pin.

45 ADC1 Al ADC1 analog input.
AD12 I/0  |EBI Address/Data bus bit12

46 PA.2 I/O  |General purpose digital 1/0O pin.
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Pin No. Pin Name TF;/ipr:e Description

ADC2 Al ADC2 analog input.

AD11 I/0  |EBI Address/Data bus bit11

PA.3 I/O  |General purpose digital 1/0O pin.
47 ADC3 Al ADC3 analog input.

AD10 I/O  |EBI Address/Data bus bit10

PA.4 I/0  |General purpose digital I/O pin.
48 ADC4 Al ADC4 analog input.

AD9 I/0  |EBI Address/Data bus bit9

PA.5 I/O  |General purpose digital 1/O pin.
49 ADC5 Al ADCS5 analog input.

AD8 I/O  |EBI Address/Data bus bit8

PA.6 I/O  |General purpose digital I/O pin.
50 ADC6 Al ADCS6 analog input.

AD7 I/O  |EBI Address/Data bus bit7
51 Vrer AP  |Voltage reference input for ADC.
52 AVpp AP |Power supply for internal analog circuit.

PC.7 I/O  |General purpose digital 1/O pin.
53 ADC7 Al ADCY7 analog input.

AD5 I/0  |EBI Address/Data bus bits

PC.6 I/O  |General purpose digital 1/O pin.
54 ADC8 Al ADCS8 analog input.

AD4 I/O  |EBI Address/Data bus bit4

PC.15 I/O  |General purpose digital I/O pin.
55 ADC9 Al ADC9 analog input.

AD3 I/0  |EBI Address/Data bus bit3
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PC.14 I/O0  |General Purpose Digital /0O Pin.
56 ADC10 Al ADC10 analog input.
AD2 I/O  |EBI Address/Data bus bit2
PB.15 /O |General purpose digital I/O pin.
INT1 | External interruptl input pin.
TMO_EXT | Timer 0 external capture input pin.
> T™MO I/O  |Timer0 event counter input / toggle output.
ADC11 Al ADC11 analog input.
AD6 I/O  |EBI Address/Data bus bit6
PF.0 /O |General purpose digital I/O pin.
°8 XT1_OUT (0] External 4~24 MHz (high speed) crystal output pin.
PF.1 I/O  |General purpose digital I/O pin.
> XT1_IN | External 4~24 MHz (high speed) crystal input pin.
60 NRESET | Eétsrtgailngt?;;e;tigt?t: active LOW, with an internal pull-up. Set this pin low reset
61 Vss P Ground pin for digital circuit.
62 Voo P Power supply for I/0O ports and LDO source for internal PLL and digital circuit.
63 PVss P PLL ground.
PB.8 I/O  |General purpose digital 1/O pin.
STADC | ADC external trigger input.
o TMO I/O  |Timer0 event counter input / toggle output.
CLKO O Frequency divider clock output pin.

Note: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power
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5 BLOCK DIAGRAM

51 MO071R1/M071S Block Diagram

Fast Memory Power Control | | System feature || Timer/ control Analog
GPIO APROM D
o 1| ) s 3
18V 9-ch . .
32-bit Timer 12-bit ADC
S— 4 12-ch
e USB LDO X ¢
T (W T
_
SRAM pro— — I \
16 KB POR

CRC

RTC
LVR PWM/Capture USB PHY

2.0 6-ch
DataFlash I(BOIZ; WDT/WWDT
;[_/ . /S : 7\ J
L Bridge l ]

AHB Bus = APB Bus |

! | ! | [

Clock Control (

Connectivity Connectivity

[ A
HIRC HXT rC UART
48MHz 4~24MHz x2 x3
A\ / \. /
e N
LIRC LXT SPI o
10kHz 32.768 kHz R e x2
A\ / L A
e ) 4 B
Up tf I;; MHz USB 2.0 FS Device
O <) J L J)

Figure 5.1-1 M071R1/M071S Block Diagram
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6 FUNCTIONAL DESCRIPTION

6.1

Arm® Cortex®-MO0 Core

MO071R1/M071S

The Cortex®-MO processor is a configurable, multistage, 32-bit RISC processor, which has an AMBA
AHB-Lite interface and includes an NVIC component. It also has optional hardware debug functionality.
The processor can execute Thumb code and is compatible with other Cortex®-M profile processor. The
profile supports two modes -Thread mode and Handler mode. Handler mode is entered as a result of
an exception. An exception return can only be issued in Handler mode. Thread mode is entered on
Reset, and can be entered as a result of an exception return. Figure 6.1-1 Functional Controller Diagram
shows the functional controller of processor.

Interrupts

Cortex®-MO Components
Cortex'V-MO processor

AHB-Lite
Interface

Debug
Nested )
> Vectored Cortex®-M0 Breakpoint
> Interrupt |« Processor and
" g Watchpoint
Controller Core Unit
(NVIC)
\ 4 A 4 A - . —
thakeuﬁ \ 4 h 4 Access
ontrol i Debugger Port
Cczc\}:?:l)ler »| Bus Matrix Interface ~T7| (DAP)
A 7y
v v

Serial Wire or
JTAG Debug Port

Figure 6.1-1 Functional Controller Diagram

The implemented device provides the following components and features:

® A low gate count processor:

Oct. 25, 2023

Armv6-M Thumb® instruction set

Thumb-2 technology

Armv6-M compliant 24-bit SysTick timer

A 32-bit hardware multiplier

System interface supported with little-endian data accesses

Ability to have deterministic, fixed-latency, interrupt handling

Load/store-multiples and multicycle-multiplies that can be abandoned and restarted to
facilitate rapid interrupt handling

C Application Binary Interface compliant exception model. This is the Armv6-M, C
Application Binary Interface (C-ABI) compliant exception model that enables the use
of pure C functions as interrupt handlers

Low Power Sleep mode entry using Wait For Interrupt (WFI), Wait For Event (WFE)
instructions, or the return from interrupt sleep-on-exit feature
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® NVIC:
- 32 external interrupt inputs, each with four levels of priority
- Dedicated Non-maskable Interrupt (NMI) input
- Supports for both level-sensitive and pulse-sensitive interrupt lines

- Supports Wake-up Interrupt Controller (WIC) and, providing Ultra-low Power Sleep
mode

® Debug support
- Four hardware breakpoints
- Two watchpoints
- Program Counter Sampling Register (PCSR) for non-intrusive code profiling
- Single step and vector catch capabilities

® Bus interfaces:

- Single 32-bit AMBA-3 AHB-Lite system interface that provides simple integration to all
system peripherals and memory

- Single 32-bit slave port that supports the DAP (Debug Access Port)
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6.2 System Manager

6.2.1 Overview

System management includes the following sections:
® System Resets
® System Memory Map

® System management registers for Part Number ID, chip reset and on-chip controllers
reset , multi-functional pin control

System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)

System Control registers

6.2.2 System Reset

The system reset can be issued by one of the following listed events. For these reset event flags can
be read by RSTSRC register.

Power-on Reset

Low level on the nRESET pin
Watchdog Time-out Reset
Low Voltage Reset
Brown-out Detector Reset
CPU Reset

® System Reset

System Reset and Power-on Reset all reset the whole chip including all peripherals. The difference
between System Reset and Power-on Reset is external crystal circuit and BS (ISPCON[1]) bit. System
Reset does not reset external crystal circuit and BS (ISPCON[1]) bit, but Power-on Reset does.
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6.2.3 System Power Distribution
In this chip, the power distribution is divided into four segments.
® Analog power from AVpp and AVss provides the power for analog components operation.

® Digital power from Voo and Vss supplies the power to the internal regulator which provides
a fixed 1.8 V power for digital operation and 1/O pins.

® USB transceiver power from Vgus offers the power for operating the USB transceiver.
® Battery power from Vsar supplies the RTC and external 32.768 kHz crystal.

The outputs of internal voltage regulators, LDO and Vopss, require an external capacitor which should
be located close to the corresponding pin. Analog power (AVop) should be the same voltage level with
the digital power (Voo). Figure 6.2-1 shows the NuMicro® M071R1/M071S power distribution.

AVop — P> 12-bit USB1.1 |« p USB_D+
AVss —p SAR-ADC Tranceiver |«g p USB_D-
M071R1/M071S A
Analog Comparator Power USB_VDD33_CAP
Distribution 3.3V J—
7—_‘,—7_ 1uF
Low Brown-
Voltage out 5V t0 3.3V LDO [« USB_VBUS
Reset Detector B

Temperature Internal
p FLASH Digital Logic 22.1184 MHz & 10 kHz
Seneor )
Oscillator
LDO_CAP
18V | Y : 1.8V ﬁ_; uE
External POR18
ULDO 32.768 kHz RTC PLL LDO 10 cell GPIO
Crystal PORS50
A A T Y
v |
g = Z 3 3 8
5 <
= o) o Z > >
o 2
™
X

Figure 6.2-1 M071R1/M071S Power Distribution Diagram
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6.2.4 System Memory Map

The NuMicro® M071R1/M071S provides 4G-byte addressing space. The memory locations assigned to
each on-chip controllers are shown in the following table. The detailed register definition, memory space,
and programming detailed will be described in the following sections for each on-chip peripheral. The

NuMicro® M071R1/M071S only supports little-endian data format.

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0001_FFFF FLASH_BA FLASH Memory Space (128 KB)
0x2000_0000 — 0x2000_3FFF SRAM_BA SRAM Memory Space (16 KB)

AHB Controllers Space (0x5000_0000 — 0x501F_FFFF)

0x5000_0000 — 0x5000_01FF GCR_BA System Global Control Registers
0x5000_0200 — 0x5000_02FF CLK_BA Clock Control Registers

0x5000_0300 — 0x5000_03FF INT_BA Interrupt Multiplexer Control Registers
0x5000_4000 — 0x5000_7FFF GPIO_BA GPIO Control Registers

0x5000_8000 — 0x5000_BFFF PDMA_BA Peripheral DMA Control Registers
0x5000_C000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers
0x5001_0000 — 0x5001_03FF EBI_BA External Bus Interface Control Registers

APB1 Controllers Space (0x4000_0000 ~ 0x400F_FFFF)

0x4000_4000 — 0x4000_7FFF WDT_BA Watchdog Timer Control Registers

0x4000_8000 — 0x4000_BFFF RTC_BA Real Time Clock (RTC) Control Register
0x4001_0000 — 0x4001_3FFF TMRO1_BA TimerO/Timerl Control Registers

0x4002_0000 — 0x4002_3FFF 12C0_BA 12C0 Interface Control Registers

0x4003_0000 — 0x4003_3FFF SPIO_BA SPI0 with master/slave function Control Registers
0x4003_4000 — 0x4003_7FFF SPI1_BA SPI1 with master/slave function Control Registers
0x4004_0000 — 0x4004_3FFF PWMA_BA PWMO0/1/2/3 Control Registers

0x4005_0000 — 0x4005_3FFF UARTO_BA UARTO Control Registers

0x4006_0000 — 0x4006_3FFF USBD_BA USB 2.0 FS device Controller Registers
0x400E_0000 — 0x400E_FFFF ADC_BA Analog-Digital-Converter (ADC) Control Registers

APB2 Controllers Space (0x4010_0000 ~ 0x401F_FFFF)

0x4011_0000 — 0x4011_3FFF TMR23_BA Timer2/Timer3 Control Registers
0x4012_0000 — 0x4012_3FFF 12C1_BA 12C1 Interface Control Registers
0x4014_0000 — 0x4014_3FFF PWMB_BA PWM4/5 Control Registers
0x4015_0000 — 0x4015_3FFF UART1_BA UART1 Control Registers
0x4015_4000 — 0x4015_7FFF UART2_BA UART2 Control Registers

System Controllers Space (0xEO00_EO000 ~ 0XEO00_EFFF)

OXE000_E010 — OXEO00_EOFF

SCS_BA

System Timer Control Registers

O0xEO000_E100 — OXEO0O_ECFF

SCS_BA

External Interrupt Controller Control Registers
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0xEO000_EDOO — OxEO00_EDS8F SCS_BA

System Control Registers

Table 6.2-1 Address Space Assignments for On-Chip Controllers

6.2.5 Register Lock

Some of the system control registers need to be protected to avoid inadvertent write and disturb the
chip operation. These system control registers are protected after the power on reset till user to disable
register protection. For user to program these protected registers, a register protection disable sequence
needs to be followed by a special programming. The register protection disable sequence is writing the
data “59h”, “16h” “88h” to the register REGWRPROT address at 0x5000_0100 continuously. Any
different data value, different sequence or any other write to other address during these three data
writing will abort the whole sequence.

After the protection is disabled, user can check the protection disable bit at address 0x5000_0100 bit0,
1 is protection disable, and 0 is protection enable. Then user can update the target protected register
value and then write any data to the address “0x5000_0100" to enable register protection.

The protected registers are listed as following table.

Register Bit Description

IPRSTC1 [3] EBI_RST EBI Controller Reset (Write-protection Bit)

IPRSTC1 [2] PDMA_RST PDMA Controller Reset (Write Protect)

IPRSTC1 [1] CPU_RST CPU Kernel One-Shot Reset (Write Protect)

IPRSTC1 [0] CHIP_RST CHIP One-Shot Reset (Write Protect)

BODCR [71LVR_EN Low Voltage Reset Enable Bit (Write Protect)

BODCR [5] BOD_LPM Brown-Out Detector Low Power Mode (Write Protect)

BODCR [3] BOD_RSTEN Brown-Out Reset Enable Bit (Write Protect)

BODCR [2:1] BOD_VL Brown-Out Detector Threshold Voltage Selection (Write Protect)

BODCR [0] BOD_EN Brown-Out Detector Enable Bit (Write Protect)

PORCR [15:0] POR_DIS_CODE Power-On-Reset Enable Bit (Write Protect)

REGWRPROT [7:0] REGWRPROT Register Write-Protection Code (Write Only)

REGWRPROT [0] REGPROTDIS Register Write-Protection Disable Index (Read Only)

NMI_SEL [8] NMI_EN NMI Interrupt Enable Bit (Write Protect)

PWRCON [8] PD_WAIT_CPU Power-Down Entry Condition Control (Write Protect)

PWRCON [7] PWR_DOWN_EN System Power-Down Enable Bit (Write Protect)

PWRCON [5] PD_WU_INT_EN Power-Down Mode Wake-Up Interrupt Enable Bit (Write Protect)

PWRCON [4] PD_WU_DLY Wake-Up Delay Counter Enable Bit (Write Protect)

PWRCON [3] OSC10K_EN 10 kHz Internal Low Speed RC Oscillator (LIRC) Enable Bit (Write
Protect)

PWRCON [2] OSC22M_EN 22.1184 MHz Internal High Speed RC Oscillator (HIRC) Enable Bit
(Write Protect)

PWRCON [1] XTL32K_EN 32.768 kHz External Low Speed Crystal Oscillator (LXT) Enable Bit
(Write Protect)
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PWRCON [0] XTL12M_EN 4~24 MHz External High Speed Crystal Oscillator (HXT) Enable Bit
(Write Protect)

APBCLK [0O] WDT_EN Watchdog Timer Clock Enable Bit (Write Protect)

CLKSELO [5:3] STCLK_S Cortex®-MO SysTick Clock Source Select (Write Protect)

CLKSELO [2:0] HCLK_S HCLK Clock Source Select (Write Protect)

CLKSEL1 [1:0] WDT_S Watchdog Timer Clock Source Select (Write Protect)

ISPCON [6] ISPFF ISP Fail Flag (Write Protect)

ISPCON [5] LDUEN LDROM Update Enable Bit (Write Protect)

ISPCON [4] CFGUEN Enable Config Update By ISP (Write Protect)

ISPCON [3] APUEN APROM Update Enable Bit (Write Protect)

ISPCON [1] BS Boot Select (Write Protect )

ISPCON [0] ISPEN ISP Enable Bit (Write Protect )

ISPTRG [0] ISPGO ISP Start Trigger (Write-Protection Bit)

FATCON [4] FOMSELO Chip Frequency Optimization Mode Select 0 (Write-Protection Bit)

ISPSTA [6] ISPFF ISP Fail Flag (Write-Protection Bit)

TCSRO [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)

TCSR1 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)

TCSR2 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)

TCSR3 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)

WTCR [31] DBGACK_WDT ICE Debug Mode Acknowledge Disable Bit (Write Protect)

WTCR [10:8] WTIS Watchdog Timer Time-Out Interval Selection (Write Protect)

WTCR [7TWTE Watchdog Timer Enable Bit (Write Protect)

WTCR [6] WTIE Watchdog Timer Time-Out Interrupt Enable Bit (Write Protect)

WTCR [4] WTWKE Watchdog Timer Time-Out Wake-Up Function Control (Write Protect)

WTCR [1] WTRE Watchdog Timer Reset Enable Bit (Write Protect)

WTCRALT [1:0] WTRDSEL Watchdog Timer Reset Delay Selection (Write Protect)
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6.2.6 Auto Trim

This chip supports auto-trim function: the HIRC trim (48 MHz and 22.1184 MHz RC oscillator), according
to the accurate LXT (32.768 kHz crystal oscillator) or internal USB synchronous mode, automatically
gets accurate HIRC output frequency, 0.25 % deviation within all temperature ranges.

For instance, the system needs an accurate 22.1184 MHz clock. In such case, if users do not want to
use PLL as the system clock source, they need to solder 32.768 kHz crystal in system, and set
FREQSEL (SYS_IRCTCTL[1:0] trim frequency selection) to “01”, and the auto-trim function will be
enabled. Interrupt status bit FREQ_LOCK (SYS_IRCTSTS[0] HIRC frequency lock status) “1” indicates
the HIRC output frequency is accurate within 0.25% deviation. To get better results, it is recommended
to set both TRIM_LOOP (SYS_IRCTCTL[5:4]) Trim Calculation Loop and TRIM_RETRY_CNT
(SYS_IRCTCTL][7:6] Trim Value Update Limitation Count) to “11”.

Another example is that the system needs an accurate 48 MHz clock for USB application. In such case,
if neither using use PLL as the system clock source, user has to set FREQSEL (SYS_HIRCTCTL1[1:0]
trim frequency selection) to “01”, and the auto-trim function will be enabled. Status bit FREQLOCK
(SYS_HIRCTISTS[8] HIRC Frequency Lock Status) “1” indicates the HIRC48 output frequency is
accurate within 0.25% deviation.
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6.2.7 System Timer (SysTick)

The Cortex®-MO includes an integrated system timer, SysTick, which provides a simple, 24-bit clear-
on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The counter can be
used as a Real Time Operating System (RTOS) tick timer or as a simple counter.

When system timer is enabled, it will count down from the value in the SysTick Current Value Register
(SYST_CVR) to 0, and reload (wrap) to the value in the SysTick Reload Value Register (SYST_RVR)
on the next clock cycle, then decrement on subsequent clocks. When the counter transitions to 0, the
COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to 0 before
enabling the feature. This ensures the timer will count from the SYST_RVR value rather than an arbitrary
value when it is enabled.

If the SYST_RVR is 0, the timer will be maintained with a current value of O after it is reloaded with this
value. This mechanism can be used to disable the feature independently from the timer enable bit.

For more detailed information, please refer to the “Arm® Cortex®-MO0 Technical Reference Manual” and
“Arm® v6-M Architecture Reference Manual”.
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6.2.8 Nested Vectored Interrupt Controller (NVIC)

The Cortex®-MO provides an interrupt controller as an integral part of the exception mode, named as
“Nested Vectored Interrupt Controller (NVIC)”, which is closely coupled to the processor kernel and
provides following features:

® Nested and Vectored interrupt support
® Automatic processor state saving and restoration
® Reduced and deterministic interrupt latency

The NVIC prioritizes and handles all supported exceptions. All exceptions are handled in “Handler
Mode”. This NVIC architecture supports 32 (IRQ[31:0]) discrete interrupts with 4 levels of priority. All of
the interrupts and most of the system exceptions can be configured to different priority levels. When an
interrupt occurs, the NVIC will compare the priority of the new interrupt to the current running one’s
priority. If the priority of the new interrupt is higher than the current one, the new interrupt handler will
override the current handler.

When an interrupt is accepted, the starting address of the interrupt service routine (ISR) is fetched from
a vector table in memory. There is no need to determine which interrupt is accepted and branch to the
starting address of the correlated ISR by software. While the starting address is fetched, NVIC will also
automatically save processor state including the registers “PC, PSR, LR, R0O~R3, R12” to the stack. At
the end of the ISR, the NVIC will restore the mentioned registers from stack and resume the normal
execution. Thus it will take less and deterministic time to process the interrupt request.

The NVIC supports “Tail Chaining” which handles back-to-back interrupts efficiently without the
overhead of states saving and restoration and therefore reduces delay time in switching to pending ISR
at the end of current ISR. The NVIC also supports “Late Arrival” which improves the efficiency of
concurrent ISRs. When a higher priority interrupt request occurs before the current ISR starts to execute
(at the stage of state saving and starting address fetching), the NVIC will give priority to the higher one
without delay penalty. Thus it advances the real-time capability.

For more detailed information, please refer to the “Arm® Cortex®-M0 Technical Reference Manual” and
“Arm® v6-M Architecture Reference Manual”
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6.2.8.1 Exception Model and System Interrupt Map

The following table lists the exception model supported by NuMicro® M071R1/M071S. Software can set
four levels of priority on some of these exceptions as well as on all interrupts. The highest user-
configurable priority is denoted as “0” and the lowest priority is denoted as “3”. The default priority of all
the user-configurable interrupts is “0”. Note that priority “0” is treated as the fourth priority on the system,
after three system exceptions “Reset’, “NMI” and “Hard Fault”.

Exception Name Vector Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
Svcall 11 Configurable
Reserved 12~13 Reserved
PendSV 14 Configurable
SysTick 15 Configurable
Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable

Table 6.2-2 Exception Model

N Interrupt Number S o
NUITIbED (Bit In Interrupt | Interrupt Name Module Interrupt Description
Registers)

1~15 - - - System exceptions
16 0 BOD_INT Brown-out |Brown-out low voltage detected interrupt
17 1 WDT_INT WDT Watchdog Timer interrupt
18 2 EINTO GPIO External signal interrupt from PB.14 pin
19 3 EINT1 GPIO External signal interrupt from PB.15 pin
20 4 GPAB_INT GPIO E,);t[?’:ir:r(l)i]i/lPA[lﬁ8]/PSi[%l].ri?g)]/PB[15:13i]nterrupt from
21 5 GPCEF_INT GPIO IE)((:tFSr:r(]J?]IIIPC[ll:6]/PC[15:14]i/rl]3t§E'>ljFI§F[l:O] from
22 6 PWMA_INT PWMO0~3 |PWMO, PWM1, PWM2 and PWM3 interrupt
23 7 PWMB_INT PWM4~7  |PWM4 and PWMS5 interrupt
24 8 TMRO_INT TMRO Timer 0O interrupt
25 9 TMRL_INT TMR1 Timer 1 interrupt
26 10 TMR2_INT TMR2 Timer 2 interrupt
27 11 TMR3_INT TMR3 Timer 3 interrupt
28 12 UARTOZ2_INT UARTO/2 |UARTO and UART?2 interrupt
29 13 UARTL_INT UART1 UARTL1 interrupt
30 14 SPIO_INT SPIO SPIO interrupt
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31 15 SPI1_INT SPI1 SPI1 interrupt

32 16 - - Reserved

33 17 - - Reserved

34 18 12CO_INT 12C0 12CO0 interrupt

35 19 I2C1_INT 12C1 I12C1 interrupt

36 20 - - Reserved

37 21 - - Reserved

38 22 - - Reserved

39 23 USB_INT USBD USB 2.0 FS Device interrupt
40 24 - - Reserved

41 25 - - Reserved

42 26 PDMA_INT PDMA PDMA interrupt

43 27 - - Reserved

a4 o8 PWRWU_INT CLKC ;:tgotzk controller interrupt for chip wake-up from Power-down
45 29 ADC_INT ADC ADC interrupt

46 30 IRC_INT IRC IRC TRIM interrupt

47 31 RTC_INT RTC Real Time Clock interrupt

Table 6.2-3 System Interrupt Map
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6.2.8.2 Vector Table

When an interrupt is accepted, the processor will automatically fetch the starting address of the interrupt
service routine (ISR) from a vector table in memory. For Armv6-M, the vector table base address is fixed
at 0x00000000. The vector table contains the initialization value for the stack pointer on reset, and the
entry point addresses for all exception handlers. The vector number on previous page defines the order
of entries in the vector table associated with exception handler entry as illustrated in previous section.

Vector Table Word Offset Description

0 SP_main — The Main stack pointer

Vector Number Exception Entry Pointer using that Vector Number

Table 6.2-4 Vector Table Format

6.2.8.3 Operation Description

NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set-Enable or
Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write-1-to-clear policy,
both registers reading back the current enabled state of the corresponding interrupts. When an interrupt
is disabled, interrupt assertion will cause the interrupt to become Pending, however, the interrupt will
not activate. If an interrupt is Active when it is disabled, it remains in its Active state until cleared by reset
or an exception return. Clearing the enable bit prevents new activations of the associated interrupt.

NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used to
enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register
respectively. The registers use a write-1-to-enable and write-1-to-clear policy, both registers reading
back the current pended state of the corresponding interrupts. The Clear-Pending Register has no effect
on the execution status of an Active interrupt.

NVIC interrupts are prioritized by updating an 8-bit field within a 32-bit register (each register supporting
four interrupts).
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6.2.9 System Control

The Cortex®-MO status and operating mode control are managed by System Control Registers. Including
CPUID, Cortex®-M0 interrupt priority and Cortex®-M0 power management can be controlled through
these system control registers.

For more detailed information, please refer to the “Arm® Cortex®-MO0 Technical Reference Manual” and
“Arm® v6-M Architecture Reference Manual”.
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates the clocks for the whole chip, including system clocks and all peripheral
clocks. The clock controller also implements the power control function with the individually clock
ON/OFF control, clock source selection and clock divider. The chip enters Power-down mode when
Cortex®>-MO core executes the WFI instruction only if the PWR_DOWN_EN (PWRCON[7]) bit and
PD_WAIT_CPU (PWRCON[8]) bit are both set to 1. After that, chip enters Power-down mode and wait
for wake-up interrupt source triggered to leave Power-down mode. In the Power-down mode, the clock
controller turns off the 4~24 MHz external high speed crystal oscillator and 22.1184/48 MHz internal
high speed RC oscillator to reduce the overall system power consumption. The following figures show
the clock generator and the overview of the clock source control.

The clock generator consists of 6 clock sources as listed below:
® 32.768 kHz external low speed crystal oscillator (LXT)
® 4~24 MHz external high speed crystal oscillator (HXT)

® Programmable PLL output clock frequency (PLL source can be selected from external
4~24 MHz external high speed crystal oscillator (HXT) or 22.1184 MHz internal high
speed RC oscillator (HIRC)) (PLL FOUT)

22.1184 MHz internal high speed RC oscillator (HIRC)
48 MHz internal high speed RC oscillator (HIRC48)
10 kHz internal low speed RC oscillator (LIRC)
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XTL32K_EN (PWRCON[1])
X32_0OuT
- 32.768 kHz LXT
LXT .
X32_IN
XTL12M_EN (PWRCON
_EN (PWRCONI[0]) HXT
xTLouT| J——t
- 4~24 MHz PLL_SRC (PLLCON[19])
HXT
XT1_IN
» 0
PLL PLL FOUT -
OSC22M_EN (PWRCONJ2]) 1
22.1184 MHz
HIRC
HIRC
OSC10K_EN(PWRCON[3])
10 kHz LIRC
LIRC »>
OSC48M_EN(PWRCONJ[12])
48 MHz HIRC48 -
HIRC48 -
Legend:
LXT = 32.768 kHz external low speed crystal oscillator
HXT = 4~24 MHz external high speed crystal oscillator
HIRC = 22.1184 MHz internal high speed RC oscillator
HIRC48 = 48 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-1 Clock Generator Block Diagram
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CLKSEL2[5:4] > 10
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el 11
HCLK
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22.1184 MHz 11 > 01
PLLFOUT o1 HCLK [ CLKSEL[L0) ]
4-24 MHz 00 PLLEOUT »( SPIO-1 )
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4~24 MHz 00 HCLK
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2768 kH »(__FDIV
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CLKSEL2[3:2] CLKSEL2[18]
HIRC48
PLLFOUT 1/(USB_N+1)
CLKSELO[8]

Figure 6.3-2 Clock Generator Global View Diagram
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6.3.2 System Clock and SysTick Clock

The system clock has 4 clock sources which were generated from clock generator block. The clock
source switch depends on the register HCLK_S (CLKSELO[2:0]). The block diagram is shown in Figure
6.3-3.

4{ HCLK_S (CLKSELO[2:0]) \

NV
22.1184 MHz
—» 111
_tokHz ) o LK
PLLFOUT
S e > HCLK
32.768 kHz T/(HCLK_N+1) [ AHB |
- noo HCLK_N (CLKDIV[3:0)) | PCLK -
4~24 MHz
T 5 000
CPU in Power Down Mode

Note: Before clock switching, both the pre-selected and newly selected clock sources must be turned on and stable.

Figure 6.3-3 System Clock Block Diagram

The clock source of SysTick in Cortex®-MO core can use CPU clock or external clock (SYST_CSRJ[2]).
If using external clock, the SysTick clock (STCLK) has 4 clock sources. The clock source switch depends
on the setting of the register STCLK_S (CLKSELO[5:3]). The block diagram is shown in Figure 6.3-4.

—{ STCLK_S (CLKSELO[5:3]) ‘

\ 4
221184 MHz
1/2 111
HCLK 1/2 011
- STCLK
4-24 MHz 172 010 >

32.768 kHz
001

4~24 MHz
000

Note: Before clock switching, both the pre-selected and newly selected
clock sources must be turned on and stable.

Figure 6.3-4 SysTick Clock Control Block Diagram
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6.3.3 Power-down Mode Clock

When chip enters Power-down mode, system clocks, some clock sources, and some peripheral clocks
will be disabled. Some clock sources and peripherals clocks are still active in Power-down mode.

The clocks still kept active are listed below:
® Clock Generator
- 10 kHz internal low speed RC oscillator (LIRC) clock
- 32.768 kHz external low speed crystal oscillator clock
® RTC/WDT/Timer/PWM Peripherals Clock (when 32.768 kHz external low speed crystal
oscillator or 10 kHz intertnal low speed RC oscillator is adopted as clock source)
6.3.4 Frequency Divider Output

This device is equipped with a power-of-2 frequency divider which is composed by16 chained divide-
by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one multiplexer is
reflected to CLKO function pin. Therefore there are 16 options of power-of-2 divided clocks with the
frequency from Fin/2* to Fin/2'® where Fin is input clock frequency to the clock divider.

The output formula is Fout = Fin/2ND, where Fi is the input clock frequency, Fou is the clock divider
output frequency and N is the 4-bit value in FSEL (FRQDIV[3:0]).

When writing 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When writing O to
DIVIDER_EN (FRQDIV[4]), the chained counter continuously runs till divided clock reaches low state
and stay in low state.

If DIVIDER1(FRQDIVI[5]) is set to 1, the frequency divider clock (FRQDIV_CLK) will bypass power-of-2
frequency divider. The frequency divider clock will be output to CLKO pin directly.

FRQDIV_S (CLKSEL2[3:2]) ‘

FDIV_EN(APBCLK[6]) ‘

221184 MHz |
e
HCLK > \. FRODIV_CLK

TRy 10 >
32.768 kHz > /

—» 01

4~24 MHz

——» 00

Note: Before clock switching, both the pre-selected and newly selected
clock sources must be turned on and stable.

Figure 6.3-5 Clock Source of Frequency Divider
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DIVIDER_EN
(FRQDIV[4]) Enable
divide-by-2 counter 16 chained FSEL .
divide-by-2 counter (FRQDIV[3:0])
FRQDIV_CLK
>i 12 | 1/22 | 1/23 | ...... |1/215 1/216 i (EF'Q\(’?'BRF[‘;D CLKO 1HZ EN
\ [ 1 0000 | (FRQDIV[6])
\ 1 0001 |
: _1,|16t01
L | MUX CLKO
11110 0
11111 |
ﬁ [ » 1

A\

L/

RTC_SEL_10K
(CLKSEL2[18])

32.768 kHz

132768 1Hz clock from RTC

Figure 6.3-6 Frequency Divider Block Diagram

Oct. 25, 2023 Page 44 of 91 Rev 1.03



NnUvoToN MO071R1/M071S
=

6.4 Flash Memory Controller (FMC)

6.4.1 Overview

The NuMicro® M071R1/M071S has 128 Kbytes on-chip embedded Flash for application program
memory (APROM) that can be updated through ISP procedure. The In-System-Programming (ISP)
function enables user to update program memory when chip is soldered on PCB. After chip is powered
on, Cortex®-M0 CPU fetches code from APROM or LDROM decided by boot select (CBS) in CONFIGO.
By the way, the NuMicro® M071R1/M071S supports another flexible feature: configurable Data Flash
size. The Data Flash size is decided by Data Flash enable (DFEN) in Config0 and Data Flash base
address (DFBADR) in Configl. When DFEN is set to 1, the Data Flash size is zero and the APROM
size is 128 Kbytes. When DFEN is set to 0, the APROM and Data Flash share 128 Kbytes continuous
address and the start address of Data Flash is defined by (DFBADR) in Configl.

6.4.2 Features

® Runs up to 50 MHz with zero wait cycle for continuous address read access and runs up
to 72 MHz with one wait cycle for continuous address read.

All embedded Flash memory supports 512 bytes page erase
128 KB application program memory (APROM)
8 KB In-System-Programming (ISP) loader program memory (LDROM)

Configurable Data Flash size with 512 bytes page erase unit

Supports In-Application-Programming (IAP) to switch code between APROM and
LDROM without reset

® [n-System-Programming (ISP) to update on-chip Flash
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6.5 External Bus Interface (EBI)

6.5.1 Overview

The NuMicro® M071R1/M071S LQFP-64 package equips an external bus interface (EBI) for access
external device.

To save the connections between external device and this chip, EBI supports address bus and data bus
multiplex mode. And, address latch enable (ALE) signal is used to differentiate the address and data
cycle.

6.5.2 Features

External Bus Interface has the following functions:

® Supports external devices with max. 64 KB size (8-bit data width)/128 KB (16-bit data
width)

Supports variable external bus base clock (MCLK) which based on HCLK
Supports 8-bit or 16-bit data width

Supports variable data access time (tACC), address latch enable time (tALE) and
address hold time (tAHD)

Supports address bus and data bus multiplex mode to save the address pins

Supports configurable idle cycle for different access condition: Write command finish
(W2X), Read-to-Read (R2R)
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6.6 General Purpose I/0 (GPIO)

6.6.1 Overview

The NuMicro® M071R1/M071S has up to 45 General Purpose I/O pins to be shared with other function
pins depending on the chip configuration. These 45 pins are arranged in 5 ports hamed as GPIOA,
GPIOB, GPIOC, GPIOE and GPIOF. The GPIOA/B/C/E port has the maximum of 15 pins and GPIOF
port has the maximum of 2 pins. Each of the 45 pins is independent and has the corresponding register
bits to control the pin mode function and data.

The 1/0O type of each of 1/O pins can be configured by software individually as input, output, open-drain
or Quasi-bidirectional mode. After reset, the 1/O mode of all pins are depending on Config0[10] setting.
In Quasi-bidirectional mode, 1/0 pin has a very weak individual pull-up resistor which is about 110~300
KQ for Voo is from 5.0 Vto 2.5 V.

6.6.2 Features
® Four I/O modes:
- Quasi-bidirectional
- Push-Pull output
- Open-Drain output
- Input only with high impendence
TTL/Schmitt trigger input selectable by GPx_TYPE[15:0] in GPx_MFP[31:16]
I/O pin configured as interrupt source with edge/level setting
Configurable default I/O mode of all pins after reset by Config0[10] setting
- If Config[10] is 0, all GPIO pins in input tri-state mode after chip reset
- If Config[10] is 1, all GPIO pins in Quasi-bidirectional mode after chip reset
I/O pin internal pull-up resistor enabled only in Quasi-bidirectional /0O mode

Enabling the pin interrupt function will also enable the pin wake-up function.
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6.7 PDMA Controller (PDMA)

6.7.1 Overview

The NuMicro® M071R1/M071S DMA contains nine-channel peripheral direct memory access (PDMA)
controller and a cyclic redundancy check (CRC) generator.

The PDMA that transfers data to and from memory or transfer data to and from APB devices. For PDMA
channel (PDMA CHO~CHB), there is one-word buffer as transfer buffer between the Peripherals APB
devices and Memory. Software can stop the PDMA operation by disable PDMA PDMACEN
(PDMA_CSRX[Q]). The CPU can recognize the completion of a PDMA operation by software polling or
when it receives an internal PDMA interrupt. The PDMA controller can increase source or destination
address or fixed them as well.

The DMA controller contains a cyclic redundancy check (CRC) generator that can perform CRC
calculation with programmable polynomial settings. The CRC engine supports CPU PIO mode and DMA
transfer mode.

6.7.2 Features

® Supports nine PDMA channels and one CRC channel. Each PDMA channel can support
a unidirectional transfer

AMBA AHB master/slave interface compatible, for data transfer and register read/write

Hardware round robin priority scheme. DMA channel 0 has the highest priority and
channel 8 has the lowest priority

® PDMA operation
- Peripheral-to-memory, memory-to-peripheral, and memory-to-memory transfer
- Supports word/half-word/byte transfer data width from/to peripheral
- Supports address direction: increment, fixed.
® Cyclic Redundancy Check (CRC)
- Supports four common polynomials CRC-CCITT, CRC-8, CRC-16, and CRC-32
@ CRC-CCITT: X%+ X2+ X5+ 1
€ CRC-8 X8+ X2+X+1
4 CRC-16: X1 + X15+ X2 + 1
L 2

CRC-32: X32+X26+X23+ X22+X16+X12+Xll+xl0+x8+x7+ X5+X4+X2+X
+1

- Supports programmable CRC seed value.
- Supports programmable order reverse setting for input data and CRC checksum.
- Supports programmable 1’'s complement setting for input data and CRC checksum.
- Supports CPU PIO mode or DMA transfer mode.
- Supports the follows write data length in CPU PIO mode
€  8-hit write mode (byte): 1-AHB clock cycle operation.
€  16-bit write mode (half-word): 2-AHB clock cycle operation.
€  32-bit write mode (word): 4-AHB clock cycle operation.

Supports byte alignment transfer data length and word alignment transfer source
address in CRC DMA mode.
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6.8 Timer Controller (TIMER)

6.8.1 Overview

The timer controller includes four 32-bit timers, TIMERO ~ TIMERS3, allowing user to easily implement a
timer control for applications. The timer can perform functions, such as frequency measurement, delay
timing, clock generation, and event counting by external input pins, and interval measurement by
external capture pins.

6.8.2 Features
Four sets of 32-bit timers with 24-bit up counter and one 8-bit prescale counter
Independent clock source for each timer

Provides four timer counting modes: one-shot, periodic, toggle and continuous counting

Time-out period = (Period of timer clock input) * (8-bit prescale counter + 1) * (24-bit
TCMP)

Maximum counting cycle time = (1/ T MHz) * (28) * (224), T is the period of timer clock

24-bit up counter value is readable through TDR (Timer Data Register)

Supports event counting function to count the event from external counter pin
(TMO~TM3)

Supports external pin capture (TMO_EXT~TM3_EXT) for interval measurement
Supports external pin capture (TMO_EXT~TM3_EXT) for reset 24-bit up counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is
generated
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6.9 PWM Generator and Capture Timer (PWM)

6.9.1 Overview

The NuMicro® M071R1/M071S has 2 sets of PWM group supporting a total of 3 sets of PWM generators
that can be configured as 6 independent PWM outputs, PWMO0~PWMS5, or as 3 complementary PWM
pairs, (PWMO, PWM1), (PWM2, PWM3) and (PWM4, PWM5) with 3 programmable Dead-zone
generators.

Each PWM generator has one 8-bit prescaler, one clock divider with 5 divided frequencies (1, 1/2, 1/4,
1/8, 1/16), two PWM Timers including two clock selectors, two 16-bit PWM counters for PWM period
control, two 16-bit comparators for PWM duty control and one Dead-zone generator. The 3 sets of PWM
generators provide eight independent PWM interrupt flags set by hardware when the corresponding
PWM period down counter reaches 0. Each PWM interrupt source with its corresponding enable bit can
cause CPU to request PWM interrupt. The PWM generators can be configured as one-shot mode to
produce only one PWM cycle signal or auto-reload mode to output PWM waveform continuously.

When DZENO1 (PCRI[4]) is set, PWMO and PWML1 perform complementary PWM paired function; the
paired PWM period, duty and Dead-time are determined by PWMO timer and Dead-zone generator 0.
Similarly, the complementary PWM pairs of (PWM2, PWM3) and (PWM4, PWM5) are controlled by
PWM2 and PWMA4 timers and Dead-zone generator 2 and 4, respectively.

To prevent PWM driving output pin with unsteady waveform, the 16-bit period down counter and 16-bit
comparator are implemented with double buffer. When user writes data to counter/comparator buffer
registers the updated value will be load into the 16-bit down counter/ comparator at the time down
counter reaching 0. The double buffering feature avoids glitch at PWM outputs.

When the 16-bit period down counter reaches 0, the interrupt request is generated. If PWM-timer is set
as auto-reload mode, when the down counter reaches 0, it is reloaded with PWM Counter Register
(CNRx) automatically then start decreasing, repeatedly. If the PWM-timer is set as one-shot mode, the
down counter will stop and generate one interrupt request when it reaches 0.

The value of PWM counter comparator is used for pulse high width modulation. The counter control
logic changes the output to high level when down-counter value matches the value of compare register.

The alternate feature of the PWM-timer is digital input Capture function. If Capture function is enabled
the PWM output pin is switched as capture input mode. The Capture0 and PWMO share one timer which
is included in PWMO and the Capturel and PWM1 share PWML1 timer, and etc. Therefore user must
setup the PWM-timer before enable Capture feature. After capture feature is enabled, the capture
always latched PWM-counter to Capture Rising Latch Register (CRLR) when input channel has a rising
transition and latched PWM-counter to Capture Falling Latch Register (CFLR) when input channel has
a falling transition. Capture channel O interrupt is programmable by setting CRL_IEO (CCRO[1]) (Rising
latch Interrupt enable) and CFL_IEO (CCRO[2]) (Falling latch Interrupt enable) to decide the condition of
interrupt occur. Capture channel 1 has the same feature by setting CRL_IE1 (CCRO0[17]) and CFL_IE1
(CCRO0[18]). And capture channel 2 to channel 3 on each group have the same feature by setting the
corresponding control bits in CCR2. For each group, whenever Capture issues Interrupt 0/1/2/3, the
PWM counter 0/1/2/3 will be reload at this moment.

The maximum captured frequency that PWM can capture is confined by the capture interrupt latency.
When capture interrupt occurred, software will do at least three steps, including: Read PIIR to get
interrupt source and Read CRLRx/CFLRx(x=0~3) to get capture value and finally write 1 to clear PIIR
to 0. If interrupt latency will take time TO to finish, the capture signal mustn’t transition during this interval
(TO). In this case, the maximum capture frequency will be 1/T0. For example:

HCLK =50 MHz, PWM_CLK = 25 MHz, Interrupt latency is 900 ns

So the maximum capture frequency will be 1/900ns = 1000 kHz

6.9.2 Features
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6.9.2.1 PWM Function:

® Upto 2 PWM groups (PWMA/PWMB) to support 6 PWM channels or 3 complementary
PWM paired channels

® PWM group A has two PWM generators and PWM group B has one PWM generator with
each PWM generator supporting one 8-bit prescaler, two clock dividers, two PWM-timers,
one Dead-zone generator and two PWM outputs.

Up to 16-bit resolution
PWM Interrupt request synchronized with PWM period
One-shot or Auto-reload mode

Edge-aligned type or Center-aligned type option

PWM trigger ADC start-to-conversion

6.9.2.2 Capture Function:
Timing control logic shared with PWM Generators
Supports 6 Capture input channels shared with 6 PWM output channels

Each channel supports one rising latch register (CRLR), one falling latch register (CFLR)
and Capture interrupt flag (CAPIFX)
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6.10 Watchdog Timer (WDT)

6.10.1 Overview

The purpose of Watchdog Timer is to perform a system reset when system runs into an unknown state.
This prevents system from hanging for an infinite period of time. Besides, this Watchdog Timer supports
the function to wake-up system from Idle/Power-down mode.

6.10.2 Features
18-bit free running up counter for Watchdog Timer time-out interval.

Selectable time-out interval (24 ~ 28 WDT_CLK cycle and the time-out interval period is
104 ms ~ 26.3168 s if WDT_CLK =10 kHz.

System kept in reset state for a period of (1 / WDT_CLK) * 63
Supports Watchdog Timer reset delay period
- Selectable it includes (1026 ~ 130 ~ 18 or 3) * WDT_CLK reset delay period.

® Supports to force Watchdog Timer enabled after chip powered on or reset while
CWDTEN (CONFIG0[31] Watchdog Enable) bit is set to 0.

® Supports Watchdog Timer time-out wake-up function only if WDT clock source is selected
as 10 kHz
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6.11 Window Watchdog Timer (WWDT)

6.11.1 Overview

The Window Watchdog Timer is used to perform a system reset within a specified window period to
prevent software run to uncontrollable status by any unpredictable condition.

6.11.2 Features

® 6-bit down counter value (WWDTVAL][5:0]) and 6-bit compare window value
(WWDTCRJ[21:16]) to make the WWDT time-out window period flexible

® Supports 4-bit value to programmable maximum 11-bit prescale counter period of WWDT
counter
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6.12 Real Time Clock (RTC)

6.12.1 Overview

The Real Time Clock (RTC) controller provides the real time and calendar message. The RTC offers
programmable time tick and alarm match interrupts. The data format of time and calendar messages
are expressed in BCD format. A digital frequency compensation feature is available to compensate
external crystal oscillator frequency accuracy.

The RTC controller also offers 80 bytes spare registers to store user’s important information.

6.12.2 Features

® Supports real time counter in Time Loading Register (TLR) (hour, minute, second) and
calendar counter in Calendar Loading Register (CLR) (year, month, day) for RTC time
and calendar check

®  Supports alarm time (hour, minute, second) and calendar (year, month, day) settings in
Time Alarm Register (TAR) and Calendar Alarm Register (CAR) register

® Selectable 12-hour or 24-hour time scale in Time Scale Selection Register (TSSR)
register

Supports Leap Year indication in Leap Year Indicator Register (LIR) register
Supports Day of the Week counter in Day of the Week Register (DWR) register

Frequency of RTC clock source compensate by RTC Frequency Compensation Register
(FCR) register

All time and calendar message expressed in BCD format

Supports periodic RTC Time Tick interrupt with 8 period interval options 1/128, 1/64,
1/32, 1/16, 1/8, 1/4, 1/2 and 1 second

Supports RTC Time Tick and Alarm Match interrupt

Supports chip wake-up from Idle or Power-down mode while a RTC interrupt signal is
generated

® Supports 80 bytes spare registers
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6.13 UART Interface Controller (UART)

6.13.1 Overview

The NuMicro® MO071R1/M071S provides up to three channels of Universal Asynchronous
Receiver/Transmitters (UART). UARTO supports High Speed UART and UART1~2 perform Normal
Speed UART. Besides, only UARTO and UART1 support the flow control function. The UART Controller
performs a serial-to-parallel conversion on data received from the peripheral, and a parallel-to-serial
conversion on data transmitted from the CPU. The UART controller also supports IrDA SIR Function,
LIN master/slave function and RS-485 function mode. Each UART Controller channel supports seven
types of interrupts.

6.13.2 Features

Full duplex, asynchronous communications

Separates receive / transmit 64/16/16 bytes (UARTO/UART1/UART?2) entry FIFO for data
payloads

® Supports hardware auto flow control/flow control function (CTS, RTS) and programmable
RTS flow control trigger level (UARTO and UART1 support)

Programmable receiver buffer trigger level

Supports programmable baud-rate generator for each channel individually
Supports CTS wake-up function (UARTO and UART1 support)

Supports 7-bit receiver buffer time-out detection function

UARTO/UARTL1 can through DMA channels to receive/transmit data

Programmable transmitting data delay time between the last stop and the next start bit by
setting UA_TOR [DLY] register

® Supports break error, frame error, parity error and receive / transmit buffer overflow
detect function

® Fully programmable serial-interface characteristics
- Programmable data bit length, 5-, 6-, 7-, 8-bit character

- Programmable parity bit, even, odd, no parity or stick parity bit generation and
detection

- Programmable stop bit length, 1, 1.5, or 2 stop bit generation
® DA SIR function mode
- Supports 3-/16-bit duration for normal mode
® LIN function mode
- Supports LIN master/slave mode
- Supports programmable break generation function for transmitter
- Supports break detect function for receiver
® RS-485 function mode.
- Supports RS-485 9-bit mode

Supports hardware or software direct enable control provided by RTS pin (UARTO and
UART1 support)
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6.14 1°C Serial Interface Controller (1°C)

6.14.1 Overview

12C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data exchange
between devices. The I°C standard is a true multi-master bus including collision detection and arbitration
that prevents data corruption if two or more masters attempt to control the bus simultaneously.

6.14.2 Features

The I1°C bus uses two wires (12Cn_SDA and 12Cn_SCL) to transfer information between devices
connected to the bus. The main features of the 12C bus include:

Supports up to two I12C serial interface controller
Master/Slave mode
Bidirectional data transfer between masters and slaves

Multi-master bus (no central master)

Arbitration between simultaneously transmitting masters without corruption of serial data
on the bus

® Serial clock synchronization allow devices with different bit rates to communicate via one
serial bus

® Built-in a 14-bit time-out counter requesting the 1°C interrupt if the 1°C bus hangs up and
timer-out counter overflows.

Programmable clocks allow for versatile rate control
Supports 7-bit addressing mode

Supports multiple address recognition (four slave address with mask option)

Supports Power-down wake-up function
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6.15 Serial Peripheral Interface (SPI)

6.15.1 Overview

The Serial Peripheral Interface (SPI) is a synchronous serial data communication protocol that operates
in full duplex mode. Devices communicate in Master/Slave mode with the 4-wire bi-direction interface.
The NuMicro® M071R1/M071S contains up to two sets of SPI controllers performing a serial-to-parallel
conversion on data received from a peripheral device, and a parallel-to-serial conversion on data
transmitted to a peripheral device. Each set of SPI controller can be configured as a master or a slave
device.

The SPI controller supports the variable bus clock function for special applications. This controller also
supports the PDMA function to access the data buffer and also supports Dual I/O Transfer mode.
6.15.2 Features

Up to two sets of SPI controllers

Supports Master or Slave mode operation

Supports Dual I/O Transfer mode

Configurable bit length of a transaction word from 8 to 32 bits

Provides separate 8-layer depth transmit and receive FIFO buffers

Supports MSB first or LSB first transfer sequence

Two slave select lines in Master mode

Supports the Byte Reorder function

Supports Byte or Word Suspend mode

Variable output bus clock frequency in Master mode

Supports PDMA transfer

Supports 3-wire, no slave select signal, bi-direction interface
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6.16 USB Device Controller (USBD)

6.16.1 Overview

There is one set of USB 2.0 full-speed device controller and transceiver in this device. It is compliant
with USB 2.0 full-speed device specification and supports control/bulk/interrupt/ isochronous transfer
types, and use High Internal RC Oscillator (HIRC48M) obtain to crystal-less option.

In this device controller, there are two main interfaces: the APB bus and USB bus which comes from
the USB PHY transceiver. For the APB bus, the CPU can program control registers through it. There
are 512 bytes internal SRAM as data buffer in this controller. For IN or OUT transfer, it is necessary to
write data to SRAM or read data from SRAM through the APB interface or SI.E. User needs to set the
effective starting address of SRAM for each endpoint buffer through “buffer segmentation register
(USB_BUFSEGKX)".

There are 8 endpoints in this controller. Each of the endpoint can be configured as IN or OUT endpoint.
All the operations including Control, Bulk, Interrupt and Isochronous transfer are implemented in this
block. The block of “Endpoint Control” is also used to manage the data sequential synchronization,
endpoint states, current start address, transaction status, and data buffer status for each endpoint.

There are four different interrupt events in this controller. They are the wake-up function, device plug-in
or plug-out event, USB events, and BUS events. Any event will cause an interrupt, and users just need
to check the related event flags in interrupt event status register (USB_INTSTS) to acknowledge what
kind of interrupt occurring, and then check the related USB Endpoint Status Register (USB_EPSTS) to
acknowledge what kind of event occurring in this endpoint.

A software-disconnect function is also supported for this USB controller. It is used to simulate the
disconnection of this device from the host. If DRVSEO (USB_DRVSEQ[0]) is set to 1, the USB controller
will force the output of USB_D+ and USB_D- to level low. After DRVSEDO bit is cleared to 0, host will
enumerate the USB device again.

Please refer to Universal Serial Bus Specification Revision 1.1 for details.

6.16.2 Features
Compliant with USB 2.0 Full-Speed specification

Provides 1 interrupt vector with 4 different interrupt events (WAKEUP, FLDET, USB and
BUS)

Supports Control/Bulk/Interrupt/Isochronous transfer type
Supports suspend function when no bus activity existing for 3 ms

Provides 8 endpoints for configurable Control/Bulk/Interrupt/Isochronous transfer types
and maximum 512 bytes buffer size

Provides remote wake-up capability

Supports Crystal-less
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6.17 Analog-to-Digital Converter (ADC)

6.17.1 Overview

The NuMicro® MO71R1/M071S contains one 12-bit successive approximation analog-to-digital
converters (SAR A/D converter) with 12 input channels. The A/D converter supports three operation
modes: single, single-cycle scan and continuous scan mode. The A/D converter can be started by
software, PWM Center-aligned trigger and external STADC pin.

6.17.2 Features

Analog input voltage range: 0~Vrer

12-bit resolution and 10-bit accuracy is guaranteed

Up to 12 single-end analog input channels or 5 differential analog input channels

Up to 1 MSPS conversion rate (chip working at 5V)

Three operating modes
- Single mode: A/D conversion is performed one time on a specified channel

- Single-cycle scan mode: A/D conversion is performed one cycle on all specified
channels with the sequence from the smallest numbered channel to the largest
numbered channel

- Continuous scan mode: A/D converter continuously performs Single-cycle scan mode
until software stops A/D conversion

® An A/D conversion can be started by:
- Writing 1 to ADST bit (ADCR[11])through software
- PWM Center-aligned trigger
- External pin STADC

® Conversion results are held in data registers for each channel with valid and overrun
indicators

® Supports two set digital comparators. The conversion result can be compared with
specify value and user can select whether to generate an interrupt when conversion
result matches the compare register setting

® Channel 7 supports 3 input sources: external analog voltage, internal Band-gap voltage,
and internal temperature sensor output

Oct. 25, 2023 Page 59 of 91 Rev 1.03



NnUvoToN MO071R1/M071S
—

7 APPLICATION CIRCUIT

7.1 Power Supply Scheme

as close to AVpp as possible
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7.2  Peripheral Application Scheme

pvee O O veur USB Full Speed Slot
100K 100K
use_veus O ——
() Voo usB_D- (O L [ —
() ICE_DAT use_D+ O —pR [—
SWD () ICE_CLK usB_vcca3_cAP () [
Interface —

() nRESET (i\
1uF ‘:E

DvCC
spi_ss O cs Voo j )
sPI_cLk O CLK SPI Device
SPI_MISO () MISO
sPI_Mos! (O MOSI Vss __L
stal -
=) X32_0UT DVCC
MO71R1/M071S
H 4.7K 4.7K
Series ]
Reset 12c_scL O CLK Voo 2C Devi
i i 10K evice
Circuit 12c_spAC> DIO Vss
0 nRST |
KO Loo_cap RS 232 Transceiver PC COM Port
I UART_RXD (O ROUT RIN
= UART_TXD (O TIN  TOUT UART
64};;:&4)" LATCH
Addr[15:0] = Q D =
En =) ALE
nCE () ncs
EBI nOE 0 nRD
nWE O nWR
nLB (O nWRL
nuB ) nWRH

Data[15:0] e @r=) ADJ[15:0]

Note 1: It is recommended to use 100 kQ pull-up resistor on both ICE_DAT and ICE_CLK pin.

Note 2: It is recommended to use 10 kQ pull-up resistor and 10 uF capacitor on nRESET pin.
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8 ELECTRICAL CHARACTERISTICS

8.1 Absolute Maximum Ratings

Stresses above the absolute maximum ratings may cause permanent damage to the device. The limiting
values are stress ratings only and cannot be used to functional operation of the device. Exposure to the
absolute maximum ratings may affect device reliability and proper operation is not guaranteed.

8.1.1 Voltage Characteristics

Symbol Description Min Max Unit
Vpp-Vss!™ DC power supply -0.3 6.5 \Y
VBAT-Vss'™ | Vear Power Supply -0.3 6.5 \Y
AVpp Variations between different Vpp power pins - 50 mv
Voo —AVpp| Allowed voltage difference for Vpp and AVpp - 50 mv
AVss Variations between different ground pins - 50 mV
|Vss - AVss| Allowed voltage difference for Vss and AVss - 50 mV
Vin Input voltage on any other pint? VSS-0.3 6.5 \Y
Notes:
1. All main power (Vpp, Vobio, Vear, AVpp) and ground (Vss, AVss) pins must be connected to the external power supply.
2. Referto Table 8.1-2 Currenr characteristics for the values of the maximum allowed injected current

Table 8.1-1 Voltage characteristics

8.1.2 Current Characteristics

Symbol Description Min Max Unit
Tlppt™ Maximum current into Vpp - 120
Zlss Maximum current out of Vsg - 120
Maximum current sunk by a I/O Pin - 35
Maximum current sourced by a I/O Pin - 35
lio mA
Maximum current sunk by total I/O Pinst? - 100
Maximum current sourced by total /0O Pins!? - 100
Inaeiny O Maximum injected current by a I/O Pin - +5
Zlinaeny Maximum injected current by total I/O Pins - +25
Note:
1. Maximum allowable current is a function of device maximum power dissipation.
2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not
be sunk/sourced between two consecutive power supply pins.
3. Apositive injection is caused by V\x>AVpp and a negative injection is caused by Vin<Vss. Iinypivy Must never be exceeded.
It is recommended to connect an overvoltage protection diode between the analog input pin and the voltage supply pin.

Table 8.1-2 Currenr characteristics
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8.1.3 Thermal Characteristics
The average junction temperature can be calculated by using the following equation:
Ty=Ta+(Pp x@3a)

® TA = ambient temperature ("C)

® 0JA =thermal resistance junction-ambient ("C/Watt)

® PD =sum ofinternal and I/O power dissipation

Symbol Description Min Typ Max Unit
Ta Operating ambient temperature -40 - 105
Ty Operating junction temperature -40 - 125 °C
TsT Storage temperature -b5 - 150
Thermal resistance junction-ambient
. 62.9 °C/Watt
64-pin LQFP(14x14 mm)
84
Thermal resistance junction-ambient
) 58 °C/Watt
64-pin LQFP(7x7 mm)
Note:
1. Determined according to JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions

8.1.4

8.1.4.1

Table 8.1-3 Thermal characteristics

EMC Characteristics

Electrostatic discharge (ESD)

For the Nuvoton MCU products, there are ESD protection circuits which built into chips to avoid any

damage that can be caused by typical levels of ESD.

8.1.4.2 Static latchup

Two complementary static tests are required on six parts to assess the latchup

performance:

A supply overvoltage is applied to each power supply pin

A current injection is applied to each input, output and configurable 1/O pin

8.1.4.3 Electrical fast transients (EFT)

In some application circuit compoment will produce fast and narrow high-frequency trasnients bursts of
narrow high-frequency transients on the power distribution system..

Inductive loads:

Relays, switch contactors
Heavy-duty motors when de-energized etc.

The fast transient immunity requirements for electronic products are defined in IEC 61000-4-4 by
International ElectrotechnicalCommission (IEC).

Oct. 25, 2023 Page 63 of 91 Rev 1.03



NUVOTON MO71R1/MO071S
—

Symbol Description Min Typ Max Unit
-8000 +8000
(Excepte X32_IN pin) (Excepte X32_IN pin)
Vueml™  |Electrostatic discharge,human body mode
-4000 +4000
(all other pins) (all other pins)
\
-1000 +1000
(Excepte X32_IN pin) (Excepte X32_IN pin)
Veou™@  |Electrostatic discharge,charge device model
-500 +500
(all other pins) (all other pins)
Lyrsl Pin current for latch-upt™ -300 - +300 mA
Veer™ 09 |Fast transient voltage burst -4.4 - +4.4 kv

Notes:

1. Determined according to ANSI/ESDA/JEDEC JS-001 Standard, Electrostatic Discharge Sensitivity Testing — Human
Body Model (HBM) — Component Level

2. Determined according to ANSI/ESDA/JEDEC JS-002 standard for Electrostatic Discharge Sensitivity (ESD) Testing —
Charged Device Model (CDM) — Component Level.

3. Determined according to JEDEC EIA/JESD78 standard.
Determinded according to IEC 61000-4-4 Electrical fast transient/burst immunity test.
The performace cretia class is 4A.

Table 8.1-4 EMC characteristics

8.1.5 Package Moisture Sensitivity(MSL)
The MSL rating of an IC determines its floor life before the board mounting once its dry bag has been

opened. All Nuvoton surface mount chips have a moisture level classification. The information is also
displayed on the bag packing.

Pacakge MSL
64-pin LQFP(14x14 mm) [V MSL 3
64-pin LQFP(7x7 mm) [l MSL 3

Note:
1. Determined according to IPC/JEDEC J-STD-020

Table 8.1-5 Package Moisture Sensitivity(MSL)
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8.1.6 Soldering Profile
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Figure 8.1-1 Soldering profile from J-STD-020C
Porfile Feature Pb Free Package
Average ramp-up rate (217°C to peak) 3°C/sec. max
Preheat temperature 150°C ~200°C 60 sec. to 120 sec.
Temperature maintained above 217°C 60 sec. to 150 sec.
Time with 5°C of actual peak temperature > 30 sec.
Peak temperature range 260°C
Ramp-down rate 6°C/sec ax.
Time 25°C to peak temperature 8 min. max
Note:
1. Determined according to J-STD-020C

Table 8.1-6 Soldering Profile
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8.2 General Operating Conditions

(Vop- Vss =2.5~5.5V, Ta=25" C, HCLK = 48 MHz unless otherwise specified.)

Symbol Parameter Min Typ Max Unit Test Conditions
Ta Temperature -40 - 105 °C
fck Internal AHB clock frequency - - 72 MHz
Vop Operation voltage 25 - 5.5
Veat Vgar Operation voltage 25 - 5.5
AVpplH Analog operation voltage Voo \%
Vrer Analog reference voltage 25 - AVpp
Vibo LDO output voltage 1.62 1.8 1.98
Vas Band-gap voltage 1.21 - 1.29 Y
Cipo'™@ LDO output capacitor on each pin 1 uF
Resrl™ ESR of Cpo output capacitor - - 0.5 Q
Note:
1.1t is recommended to power Vpp and AVpp from the same source. A maximum difference of 0.3 V between Vpp and AVpp
can be tolerated during power-on and power-off operation .
2.To ensure stability, an external 1 yF output capacitor, C, po must be connected between the LDO_CAP pin and the closest
GND pin of the device. Solid tantalum and multilayer ceramic capacitors are suitable as output capacitor. Additional 100
nF bypass capacitor between LDO_CAP pin and the closest GND pin of the device helps decrease output noise and
improves the load transient response.
3.Guaranteed by design, not tested in production

Table 8.2-1 General operating conditions
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8.3 DC Electrical Characteristics

8.3.1

The current consumption is a combination of internal and external parameters and factors such as
operating frequencies, device software configuration, I/O pin loading, I/O pin switching rate, program
location in memory and so on. The current consumption is measured as described in below condition
and table to inform test characterization result.

Supply Current Characteristics

® All GPIO pins are in push pull mode and output high.

® The maximum values are obtained for VDD = 5.5 V and maximum ambient temperature
(TA), and the typical values for TA= 25 °C and VDD = 2.5 ~ 5.5 V unless otherwise

specified.
VDD = AVDD = VBAT

When the peripherals are enabled HCLK is the system clock, fPCLKO, 1 = fHCLK.

Program run while(1) code in Flash.

Typ [*1] Max[*]-][*zl Max[*ll[*z]
Symbol Conditions Fricik
Ta=25°C Ta=25°C Ta =105 °C

72 MHz 14.5 18.5 20.5
50 MHz 11 15 16.5
22.1184 MHz 45 55 6.5

Normal run mode, executed from
Flash, all peripherals disable 12 MHz 8 50 6.0
4 MHz 1.3 35 45

32.768 kHz 0.115 0.205 1.2 mA
10 kHz 0.110 0.20 1.2
IDD_RUN

72 MHz 225 27.5 295
50 MHz 16.5 21 225
22.1184 MHz 9 10.5 115

Normal run mode, executed from
Flash, all peripherals enable 12 MHz 4 6.5 75
4 MHz 1.7 4.0 45
32.768 kHz 0.119 0.210 1.3
10 kHz 0.113 0.205 1.3

Notes:
1. When analog peripheral blocks such as USB, ADC, PLL, HIRC, HIRC48, LIRC, HXT and LXT are ON, an additional
power consumption should be considered.
2. Based on characterization, not tested in production unless otherwise specified.
Table 8.3-1 Current consumption in Normal Run mode
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onsumption should be considered.

Typ [t Max 2 Max 2
Symbol Conditions FrcLk Unit
Ta=25°C Ta=25°C Ta =105 °C
72 MHz 7.5 10.5 12
50 MHz 6 9 10.2
22.1184 MHz 2 3.0 4.0
Idle mode, all peripherals
disable 12 MHz 1.6 3.7 4.7
4 MHz 0.9 3.0 4.0
32.768 kHz 0.113 0.203 1.2
10 kHz 0.111 0.201 1.2
lop_ipLe mA
72 MHz 155 195 215
50 MHz 115 155 17
22.1184 MHz 6.5 7.5 8.5
Idle mode, all peripherals
enable 12 MHz 2.9 5.5 6.5
4 MHz 14 35 4.0
32.768 kHz 0.116 0.206 1.2
10 kHz 0.112 0.202 12
Notes:
1. When analog peripheral blocks such as USB, ADC, PLL, HIRC, HIRC48, LIRC, HXT and LXT are ON, an additional

2. Based on characterization, not tested in production unless otherwise specified.
Table 8.3-2 Current consumption in Idle mode
Typl2 Max 34 Max 34
LXTY
Symbol Test Conditions Unit
32.768 kHz Ta=25°C Ta=25°C Ta =105 °C
Power-down m_ode, all peripherals ) 17 53 1050
disable

Iop_pp HA

Power-down moc:Sr,] RTC enable and vV 18.6 55 1050
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Notes:

Crystal used: AURUM XF66RUO000032CO0 with a C, of 20 pF.
Vpp = AVpp = Vear = 3.3V, LVR17 enabled, POR disabled and BOD disabled.
Based on characterization, not tested in production unless otherwise specified.

PO DN PR

When analog peripheral blocks such as USB and ADC are ON, an additional power consumption should be considered.

Table 8.3-3 Chip Current Consumption in Power-down mode

8.3.2 On-Chip Peripheral Current Consumption

® The typical values for TA= 25 °C and VDD = AVDD = VBAT = 5.5V unless otherwise
specified.

All GPIO pins are set as output high of push pull mode without multi-function.
HCLK is the system clock, fHCLK = 22.1184 MHz, fPCLKO, 1 = fHCLK.

The result value is calculated by measuring the difference of current consumption
between all peripherals clocked off and only one peripheral clocked on

Peripheral Ipp! ™Y Unit
ADCI? 0.146
PWMO01 0.371
PWM23 0.365
PWM45 0.365

WDT/WWDT 0.053
SPIO 0.296
SPI1 0.292
UARTO 0.560
UART1 0.512
UART2 0.502

mA
12C0 0.058
12C1 0.062
EBI 0.103
TMRO 0.092
TMR1 0.100
TMR2 0.120
TMR3 0.124
RTC 0.090
USB FS Devicel 0.168
PDMA 0.129

Notes:
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1. Guaranteed by characterization results, not tested in production.
2. When the ADC is turned on, add an additional power consumption per ADC for the analog part.
3. When the USB is turned on, add an additional power consumption per USB for the analog part.

Table 8.3-4 Peripheral Current Consumption

8.3.3 Wakeup Time from Low-Power Modes
The wakeup times given in Table 8.3-5 is measured on a wakeup phase with a 22.1184 MHz HIRC

oscillator.
Symbol Parameter Typ Max Unit
twu_ioLE Wakeup from IDLE mode 5 6 cycles
twu_neol 2 |Wakeup from normal Power-down mode 28 - us
Notes:
1. Based on test during characterization, not tested in production.
2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.

Table 8.3-5 Low-power mode wakeup timings

8.3.4 I/O Current Injection Characteristics

In general, 1/O current injection due to external voltages below Vss or above Voo should be avoided
during normal product operation. However, the analog compoenent of the MCU is most likely to be
affected by the injection current , but it is not easily clarified when abnormal injection accidentally
happens. It is recommended to add a Schottky diode (pin to ground or pin to Vbp) to pins that include
analog function which may potentially injection currents.

Negative Positive

2 P Unit Test Condition
Injection Injection

Symbol Parameter

-0 0 Injected current on nReset pins

Injected current on PAO~PA6, PC6,
-0 0 mA |PC7, PC14, PC15, PB15, PFO and

| Injected current by a 1/0 Pin
maeny (i) y PF1 for analog input function

Injected current on any other 1/O

- s except analog input pin

Table 8.3-6 I/O current injection characteristics
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8.3.5 I1/0O DC Characteristics

8.3.5.1 PIN Input Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions
Input low voltage (Schmitt trigger) 0 - 0.3*Vpp
VIL 0 - 0.8 V VDD = VBAT =45V
Input low voltage (TTL trigger)
0 - 0.6 VDD = VBAT =25V
Input high voltage (Schmitt trigger) 0.7*Vpp - Voo
V|H 2.0 - VDD \Y VDD = VBAT =55V
Input high voltage (TTL trigger)
1.5 - VDD VDD = VBAT =3.0V
V'™ |Hysteresis voltage of schmitt input - 0.2*Vpp - V |Vop=Vear =55V
1 i 1 Vss < Vin < Vo,

Open-drain or input only mode

I’ |Input leakage current uA
Vb < Vin < 5V, Open-drain or,
-1 - 1 input only mode on any other 5v
tolerance pins

Notes:
1. Guaranteed by characterization result, not tested in production.

2. Leakage could be higher than the maximum value, if abnormal injection happens.

Table 8.3-7 I/O input characteristics

8.3.56.2 /0 Output Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions
300 400 p |V Ver=asY
W V|N = 2.4V
Source current for quasi- Vop = Vear = 2.7V
bidirectional mode and -50 -80 - pA
high level Vin=2.2V
20 73 UA Vpp = Vear = 2.5V
Viy= 2.0V
lgglu 02 -
30 65 mA Vop = Vear = 4.5V
V|N =2.4V
Source current for push- - —
pull mode and high level 3 52 } mA Voo = Vear =2.7V
V|N =2.2V
25 5 mA VDD:VBAT:2-5V
' V|N =2.0V
9 13 mA VDD = VBAT =45V
o [0 Sinkcurrent for push-pull Vin=0.45v
SK
mode and low level ] . A Voo = Vear = 2.7 V
V|N =0.45V
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VDD = VBAT =25V
V|N: 0.45Vv

CiolY I/0 pin capacitance - 5 - pF

Notes:
1. Guaranteed by characterization result, not tested in production.
2. The Isg and Isk must always respect the abslute maximum current and the sum of 1/0, CPU and peripheral must not
exceed ZIDD and zlss.

Table 8.3-8 I/O output characteristics

8.3.5.3 nRESET Input Characteristics

Symbol Parameter Min Typ Max | Unit Test Conditions
ViR Negative going threshold, nRESET 0 - 0.2*Vpp| V
A\ Positive going threshold, NnRESET 0.7*Vpp - Vop \
Rerstt™  [Internal NRESET pull up resistor 40 - 150 | kQ
terl ™ NRESET input filtered pulse time - 24 - uS [Normal run and Idle mode
Notes:

Guaranteed by characterization result, not tested in production.

It is recommended to add a 10 kQ and 10uF capacitor at nNRESET pin to keep reset signal stable.

Table 8.3-9 nRESET Input Characteristics
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8.4 AC Electrical Characteristics

8.4.1 48 MHz Internal High Speed RC Oscillator (HIRC48)

The 48 MHz RC oscillator is calibrated in production.

Symbol. Parameter Min Typ Max Unit Test Conditions
. Ta=25°C,
Oscillator frequnecy - 48 - MHz
VDD =5V
Ta=25°C,
furc -1 - 1 %
. Vpp =5V
Frequency drift over temperarure and
volatge _ o - °
o ) e % Ta=-40°C ~ +105 °C,
VDD =25~55V
lurc™  |Operating current - 640 - PHA |Ta=25°CVop=5V
. ; Ta=-40°C ~ +105 °C,
T [Stable time - - 5 us
VDD =25~55V
Notes:
1. Guaranteed by characterization result, not tested in production.

Table 8.4-1 48 MHz Internal High Speed RC Oscillator(HIRC48) characteristics

8.4.2 22.1184 MHz Internal High Speed RC Oscillator (HIRC)
The 22.1184 MHz RC oscillator is calibrated in production.

Symbol. Parameter Min Typ Max Unit Test Conditions
. Ta=25°C,
Oscillator frequnecy - 22.1184 - MHz
VDD =5V
Ta=25°C,
fhre -1 - 1 %
. VDD =5V
Frequency drift over temperarure and
volatge — 4000 — °
3 ) e % Ta=-40°C ~ +105 °C,
Vpp =2.5~5.5V
lurcI™ |Operating current - 1200 - MA |Ta=25°CVpp=5V
. . Ta=-40°C ~ +105 °C,
T |Stable time - - 20 uSs
VDD =25~55V
Notes:
1. Guaranteed by characterization result, not tested in production.

Table 8.4-2 22.1184 MHz Internal High Speed RC Oscillator(HIRC) characteristics

Oct. 25, 2023 Page 73 of 91 Rev 1.03



NnUvoToN MO071R1/M071S
=

8.4.3 10 kHz Internal Low Speed RC Oscillator (LIRC)

Symbol Parameter Mint | Typ | Max!™ [ Unit Test Conditions
Oscillator frequnecy - 10 - kHz
Ta=25°C,
-10 - +10 %
[*2) Vpp=2.5V~5.5V
Fire Frequency drift over temperarure c
and volatge Ta=-40~105°C
-50 - +50 % Vpp=2.5V~5.5V

Without software calibration

ILre Operating current - 1 - MA  |Vpp=2.5V~5.5V
. Ta=-40~105°C
Ts Stable time 100 - 200 uS
Vpp=2.5V~5.5V
Notes:

1. Guaranteed by characterization, not tested in production.
2. Thel0 kHz low speed RC oscillator can be calibrated by user.
3. Guaranteed by design.

Table 8.4-3 10 kHz Internal Low Speed RC Oscillator(LIRC) characteristics
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8.4.4 External 4~24 MHz High Speed Crystal/Ceramic Resonator (HXT) characteristics

The high-speed external (HXT) clock can be supplied with a 4 to 24 MHz crystal/ceramic resonator
oscillator. All the information given in this secion are based on characterization results obtained with
typical external components. In the application, the external components have to be placed as close as
possible to the XT1 IN and XT1_ Out pins and must not be connected to any other devices in order to
minimize output distortion and startup stabilization time. Refer to the crystal resonator manufacturer for
more details on the resonator characteristics (frequency, package, accuracy).

Symbol Parameter Minl Typ Max{™t Unit Test Conditions
fuxt Oscillator frequency 4 - 24 MHz
- 2 - 4 MHz, Vpp = 5.5V
- 0.8 - 4 MHz, Vpp = 3.3V
- 25 - 12 MHz, Vpp = 5.5V
lpxt Current consumption mA
- 11 - 12 MHz, Vpp = 3.3V
- 3.3 - 24 MHz, Vpp = 5.5V
- 15 - 24 MHz, Vpp = 3.3V
- 2285 - 4 MHz, C_=12.5 pF
Ts Stable time - 650 - uS |12 MHz, C, =12.5 pF
- 460 - 24 MHz, C_ =12.5 pF
Dupxr Duty cycle 40 - 60 %
Notes:
1. Guaranteed by characterization, not tested in production.
2. Safety factor (Sy) must be higher than 5 for HXT to determine the oscillator safe operation during the application life. If
Safety factor isn’t enough, the HXT gain need be changed to higher driving level.
S, = -R _ Rapp+Rs
f ™ CrystalESR Rs

Rapp: The value of smallest series resistance preventing the oscillator from starting up successfully. This resistance is only
used to measure Safety factor (Sj) of crystal in engineer stage, not for mass produciton.

XT1_0UT XT1_IN

Table 8.4-4 External 4~24 MHz High Speed Crystal (HXT) Oscillator
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8.4.4.1 Typical Crystal Application Circuits

For C1 and C2, it is recommended to use high-quality external ceramic capacitors in 10 pF ~ 20 pF
range, designed for high-frequency applications, and selected to match the requirements of the crystal
or resonator. The crystal manufacturer typically specifies a load capacitance which is the series
combination of C1 and C2. PCB and MCU pin capacitance must be included (8 pF can be used as a
rough estimate of the combined pin and board capacitance) when sizing C1 and C2.

CRYSTAL C1 Cc2 R1

4 MHz ~ 24 MHz 10 ~ 20 pF 10 ~ 20 pF without

XT1_OUT XT1_IN

M

Figure 8.4-1 Typical Crystal Application Circuit
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8.4.5 External 4~24 MHz High Speed Clock Input Signal Characteristics

For clock input mode the HXT oscillator is switched off and XT1_IN is a standard input pin to receive
external clock. The external clock signal has to respect the below Table. The characteristics result from
tests performed using a wavefrom generator.

Symbol Parameter Min Typ Max [ Unit Test Conditions
External user clock source
fHXT ext 4 - 24 MHz
- frequency
terex Clock high time 10 - - nS
terex Clock low time 10 - - nS
0, i 0,
teren Clock rise time 2 - 15 nS L.OW .(10 %) to high level (90%)
rise time
i 0, 0,
ter  |Clock fall time 2 - 15 ns  |High (90%) to low level (10%)
fall time
DUg_pxr Duty cycle 40 - 60 %
Vi Input high voltage 0.7*Vpp - Voo \%
Vi Input low voltage Vss - 0.3*Vpp Y

External
clock source]

JuuL

%0 XT1_IN

Notes:
1. Guaranteed by characterization, not tested in production.

Table 8.4-5 External 4~24 MHz High Speed Clock Input Signal
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8.4.6 External 32.768 kHz Low Speed Crystal/Ceramic Resonator (LXT) characteristics

The low-speed external (LXT) clock can be supplied with a 32.768 kHz crystal/ceramic resonator
oscillator. All the information given in this secion are based on characterization results obtained with
typical external components. In the application, the external components have to be placed as close as
possible to the X32_OUT and X32_IN pins and must not be connected to any other devices in order to
minimize output distortion and startup stabilization time. Refer to the crystal resonator manufacturer for
more details on the resonator characteristics (frequency, package, accuracy).

Symbol Parameter Mint | Typ [Max ™| Unit Test Conditions
VpaT Operation voltage 25 - 5.5 \
Tixr Temperature range -40 - 105 °C
Fixr Oscillator frequency 32.768 kHz
lixr Current consumption - 1.6 - pA
TSixT Stable time - 2 - S
Duixr Duty cycle 30 - 70 %
Notes:
1. Guaranteed by characterization, not tested in production.

Table 8.4-6 External 32.768 kHz Low Speed Crystal (LXT) Oscillator
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8.4.6.1 Typical Crystal Application Circuits

CRYSTAL C1 Cc2 R1
32.768 kHz 10 ~ 20 pF 10 ~ 20 pF without
X32_0UT X32_IN

Figure 8.4-2 Typical 32.768 kHz Crystal Application Circuit

8.4.7 PLL Characteristics

Symbol Parameter Minlt Typ Max [t Unit Test Conditions
oL in PLL input clock 4 - 24 MHz
fo out PLL multiplier output clock 25 - 144 MHz
prL veo PLL voltage controlled oscillator 100 - 200 MHz
T PLL locking time - - 100 uS
Jittert Cycle-to-cycle Jitter - 200 350 pS |Peak to peak @ 480M
Notes:
1. Guaranteed by characterization, not tested in production
2. Guaranteed by design, not tested in production

Table 8.4-7 PLL characteristics
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8.5 Analog Characteristics

MO071R1/M071S

8.5.1 LDO
Symbol Parameter Min Typ Max Unit Test Condition
Vob Power supply 2.5 - 5.5 \%
Vipo Output voltage 1.62 1.8 1.98 \%
Ta Temperature -40 - 105 °C
Notes:
1. It is recommended a 0.1pF bypass capacitor is connected between Vpp and the closest VSS pin of the device.
2. For ensuring power stability, a 1uF capacitor must be connected between LDO_CAP pin and the closest VSS pin of the
device.
3. Vipo is only used to supply internal power.

8.5.2 Reset and Power Control Block Characteristics
The parameters in below table are derived from tests performed under ambient temperature.
Symbol Parameter Min Typ Max Unit Test Conditions
Iyl LVR operating current - 1 5 HA AVpp = 5.5V
lgopl™ BOD operating current - - 140 HA AVpp = 5.5V, Normal mode
Vpor POR reset voltage 1.6 2 2.4 \%
Vivr LVR reset voltage 1.90 2.00 2.10 \ TA=25°C
Vivr LVR reset voltage 1.70 1.90 2.10 \ TA=-40"C
Veob BOD brown-out detect voltage B
. 2.00 2.20 2.45 \ TA=105"C
(Falling edge)
42 4.4 46 Y, BOV_VL[1:0]= 11
Veop BOD brown-out detect voltage 3.5 3.7 3.9 \% BOV_VL[1:0] =10
1] i
Tuorsu™  |(Falling edge) 2.55 2.7 2.85 Y, BOV_VL [1:0] = 01
BOD brown-out detect voltage
43 45 47 % BOV_VL [1:0] = 11
BOD brown-out detect voltage 3.6 3.8 4.0 \% BOV_VL[1:0] =10
(Rising edge) 26 2.75 2.9 v BOV_VL [1:0] = 01
LVR startup time
2.1 2.25 2.4 BOV_VL[1:0] = 00
- - 230 us -
Tk re'™  |LVR respond time - 30 100 uSs -
Teoo_sul™  |BOD startup time - - 1200 -
Teoo rel™  |BOD respond time - 2 3
Notes:
1.Guaranteed by characterization, not tested in production.
2.Design for specified applcaiton.

Table 8.5-1 Reset and power control unit
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8.5.3 12-bit SAR Analog To Digital Converter (ADC)

Symbol Parameter Min Typ Max Unit Test Conditions
Ta Temperature -40 - 105 °C
AVpp Analog operating voltage 2.5 - 55 Vo Voo =AVpp
VRer Reference voltage 25 - AVpp Y
Vin ADC channel input voltage 0 - Vrer \%
Lo |ADC Operating current (AVoo + Veer| i 32 | ma [AVoo T Voo=VRer =55V
current) Fsps = IMSPS
Nr Resolution 12 Bit
FADC[*”
ADC Clock frequency - - 21 MHz
1/TADC
Fspsl™ Sampling Rate - - 1000 | KSPS
INLEY Integral Non-Linearity Error - - +4 LSB |Vgrer = AVpp,
DNLI Differential Non-Linearity Error - - +3 LSB |Vgrer = AVpp,
Ee[q] Gain error - -2 - LSB |Vger = AVpp,
Eol™y Offset error - 3 - LSB  |Vrer = AVpp,
EaY Absolute Error - 4 - LSB  [Vrer = AVop,
CntY Internal Capacitance - 6 - pF
Ry Internal Switch Resistance - 6.5 - kQ
Notes:
Guaranteed by characterization result, not tested in production.
Rex max formula is used to determine the maximum external impedance allowed for 1/4 LSB error. N = 12 (based on
12-bit resoluton) and Kk is the number of sampling clocks (Tswe). Cex represents the capacitance of PCB and pad and
is combined with Rex into a low-pass filter. Once the Rex and Cex values are too large, it is possible to filter the real
signal and reduce the ADC accuracy.
Regx = k R
7 fane X Gy XIn (2N*2) w
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REX EADC_CHX RIN

I CEX ZX

12-bit
Converter

L

CIN

T

Note: Injection current is a important topic of ADC accuracy. Injecting current on any analog input pins
should be avoided to protect the conversion being performed on another analog input. It is
recommended to add Schottky diodes (pin to ground and pin to power) to analog pins which may
potentially inject currents.

Er (Full scale error) = Eq + Eg
Gain Error  Offset Error
A Es Eo
4095 — - - - = /_ __7___ 7_
/
4094 —
4093 —
4092
7 L Ideal transfer curve
6
ADC
output S / / Actual transfer curve
code V4 V4
4 - S e
/ /
3 L = / /
/1 s s
2 DNL
/
p e |
1 1LSB
/s
| A | | | | |« | | | | >
Analog input volt 4095
Offset Error nalog (Ilrjg;)vo age
Eo

Note: The INL is the peak difference between the transition point of the steps of the calibrated transfer
curve and the ideal transfer curve. A calibrated transfer curve means it has calibrated the offset and
gain error from the actual transfer curve.
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854 Temperture Sensor

The maximum values are obtained for Voo = 5.5 V and maximum ambient temperature (Ta), and the
typical values for Ta= 25 °C and Vop = 3.3 V unless otherwise specified.

Symbol Parameter Min Typ Max | Unit Test Conditions
Vrewr_osl™  [Tempereture sensor offset voltage 735 748 755 mV [Ta=0°C
Tl Temperature Coefficient -1.55 | -1.672 | -1.75 |mV/°C
Irempl™ Temperature sensor operating current - 16 - pA
Note:

1. Guaranteed by characterization, not tested in production
2. Guaranteed by design, not tested in production

3. Viewr (MV) = Tc (MV/°C) x Temperature (°C) + Vrewp_os (MV)
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855 USB Characteristics

8.5.5.1 USB Full-Speed Characteristics

Symbol Parameter Min (4 Typ Max 1] Unit Test Conditions
Vaus USB _fuII speed transceiver 4.0 5.0 55 v
operating voltage
Vopsd USB Internal power regulator 297 33 3.63 v
output
Vin Input high (driven) 2.0 - - \% -
Vi Input low - - 0.8 \% -
Vo Differential input sensitivity 0.2 - - \% |(USB_D+) - (USB_D-)|
Differential
Vewm 0.8 - 25 \% Includes Vp, range
common-mode range
Single-ended receiver threshold 0.8 - 2.0 \% -
VSE
Receiver hysteresis - 200 - mV -
VoL Output low (driven) 0 - 0.3 \% -
Vou Output high (driven) 2.8 - 3.6 \% -
Vcrs Output signal cross voltage 1.3 - 2.0 \% -
Rpy Pull-up resistor 1.425 - 1.575 kQ -
Zprd™d Driver output resistance - 10 - Q Steady state drive
Cin Transceiver capacitance - - 20 pF Pin to GND
Notes:
Guaranteed by characterization result, not tested in production.
To ensure stability, an external 1 yF output capacitor, 1uF external capacitor must be connected between the
USB_Vpp33_CAP pin and the closest GND pin of the device.
3. USB_D+ and USB_D- must be connected with external series resistors to fit USB Full-speed spec request (28 ~
44Q).

Table 8.5-2 USB Full-Speed Characteristics

8.5.5.2 USB Full-Speed PHY characteristics

Symbol Parameter Min U Typ Max [ Unit Test Conditions
Ter rise time 4 - 20 nS C.=50 pF
Tee fall time 4 - 20 nS C.=50 pF
Trrer rise and fall time matching 90 - 111.11 % Terer = Ter/Ter
Note:
1. Guaranteed by characterization result, not tested in production.

Table 8.5-3 USB Full-Speed PHY Characteristics
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8.6 Flash DC Electrical Characteristics

The devices are shipped to customers with the Flash memory erased

Symbol Parameter MinE! Typ Max Unit Test Condition
Vel Supply voltage 1.62 1.8 1.98 \Y,
Terase Page erase time 20 - - mS  [T.=25°C
Teroc Program time 60 - - uS
Nenpur Cycling Endurance 20,000 - - cycles? |T,=-40°C~125°C
100 - - year |T,=25°C
Trer Data retention
10 - - year |T,=85°C
Notes:
1. Veais source from chip internal LDO output voltage.
2. Number of program/erase cycles. The Flash data can only be programmed once at the same address after Flash
erase.
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9 PACKAGE DIMENSIONS
Package is Halogen-free, RoHS-compliant and TSCA-compliant.

9.1 LQFP 64L (14x14x1.6 mm?3, Footprint 0.8 mm)
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= | | o L/F THICKNESS o1 | 0.08 | —- | 0.8
Eu: E? X D 16 BSC
] Tg - + - ] i E 10 BSC
E E ooy sizE —— 4
] = | =JCT LEZD PiTCH = 0.8 BSC
= == L 045 | 06 [ 075
160 =1 FOOTPRINT L 1_REF
mm 8 v [a5 | 7
17 al [} — -

43 n* 12" 13
Rl | 0.08 | —= | —=

| i | 1z 1y
E

4% [l ooa[HIT-U]2

Rz 0.08 | —= | 0.2
TOP_VIEW - PETAL F 3 Y [ p—
? FACKAGE EDGE TOLERANCE| aoa 0.2
J'!:anmmkmm:h. [E20 EDCE TOLERANCE | bbb 0z
72} S coPLANARITY coc X
smu_ SE| ||I- —-”-—ﬂw LEAD GFFSET ddd 0.2
! OLD FLATNESS eee 0.05
SINF WFW
PLATING ‘\ i;—BAB‘E METAL
i
el ¢
|
b1
b
[#[dda@[r[T-L[7]
SECTION G=G DETAIL F
SCALE: 100/1 SCALE: 1541
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9.2 LQFP 64L (7x7x1.4 mm3, Footprint 0.4 mm)

@ 4% [ ]bbb[¥T-U[Z]
PIN1 CORNER 64 h-_ GG ' SYMBOL | MIN | NOM | MAX
HHHHHHHH'H H H[H]H HHH TOTAL THICKNESS A — | —] 18
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10 ABBREVIATIONS

10.1 Abbreviations

Acronym Description
ACMP Analog Comparator Controller
ADC Analog-to-Digital Converter
AES Advanced Encryption Standard
APB Advanced Peripheral Bus
AHB Advanced High-Performance Bus
BOD Brown-out Detection
CAN Controller Area Network
DAP Debug Access Port
DES Data Encryption Standard
EBI External Bus Interface
EPWM Enhanced Pulse Width Modulation
FIFO First In, First Out
FMC Flash Memory Controller
FPU Floating-point Unit
GPIO General-Purpose Input/Output
HCLK The Clock of Advanced High-Performance Bus
HIRC 22.1184 MHz Internal High Speed RC Oscillator
HXT 4~24 MHz External High Speed Crystal Oscillator
IAP In Application Programming
ICP In Circuit Programming
ISP In System Programming
LDO Low Dropout Regulator
LIN Local Interconnect Network
LIRC 10 kHz internal low speed RC oscillator (LIRC)
MPU Memory Protection Unit
NVIC Nested Vectored Interrupt Controller
PCLK The Clock of Advanced Peripheral Bus
PDMA Peripheral Direct Memory Access
PLL Phase-Locked Loop
PWM Pulse Width Modulation
QEI Quadrature Encoder Interface
SDIO Secure Digital Input/Output
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SPI Serial Peripheral Interface

SPS Samples per Second

TDES Triple Data Encryption Standard

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unique Customer ID

usB Universal Serial Bus

WDT Watchdog Timer

WWDT Window Watchdog Timer
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11 REVISION HISTORY

Date Revision Description

2020.08.13 1.00 . Initial version.

. Added Package Type table in section 3.1.
. Added Selection guide in section 3.2
2022.11.24 1.01 . Added Naming Rule table in section 3.3.

. Added “Package is Halogen-free, RoHS-compliant and
TSCA-compliant.” in chapter 3 and 9.

. Moved Abbreviations to chapter 10.

. Modified general description in chapter 1
. Modified the package type table in section 3.1.
. Modified MO71R1/M071S selection guide table in section 3.2.

2022.12.21 1.02 o Modified the MO71R1/M071S naming rule table in section
3.3.

. Modified the MO71R1/M071S multi-function pin diagram in
section 4.1

. Modified the MO71R1/M071S block diagram in section 5.1

2023.10.25 1.03 . Modified MO71R1/M071S selection guide in section 3.2.
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all types
of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims
to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages
and liabilities thus incurred by Nuvoton.

Please note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners
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