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1 GENERAL DESCRIPTION

The NuMicro” MO058S is a 32-bit microcontroller with embedded ARM® Cortex®-MO0 core for
industrial control and applications which need rich communication interfaces. The Cortex®-MO is
ARM embedded processor with 32-bit performance and cost-effective microcontroller.

The NuMicro™ MO058S can run up to 50 MHz. Thus it can afford to support a variety of industrial
control and applications which need high CPU performance. The NuMicro MO058S has 32 KB
flash, 4 KB data flash, 4 KB flash for the ISP, and 4 KB SRAM.

Many system level peripheral functions, such as /0 Port, Timer, UART, SPI, I°C, PWM, ADC,
Watchdog Timer, and Brown-Out Detector, have been incorporated into the NuMicro™ M058S in
order to reduce component count, board space and system cost. These useful functions make the
NuMicro™ M058S powerful for a wide range of applications.

Additionally, the NuMicro™ MO058S is equipped with IAP (In-Application Programming), ISP (In-

System Programming) and ICP (In-Circuit Programming) functions, which allow the user to
update the program memory without removing the chip from the actual end product.
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Pin Number Alternate Function
[]_] . .
TSSOP | QFN | LQFP | LQFp | SymPo! L2 Description
1 2 3

20 33 48 64
7 7 10 13 P3.4 TO SDAO 110 UART function use.

The SDAO/SCLO pins are for
8 8 11 14 P3.5 T1 SCLo | cko®? 110 12CO function use.

CKO: HCLK clock output

9 13 16 P3.6 CKO I/0

The STADC pin is for ADC
external trigger input.

The TO/T1 pins are for
Timer0/1 external event
NC 14 17 P3.7 110 counter input.

The TOEX/T1EX pins are for
external capture/reset trigger

input of Timer0/1.
NC 24 32 P4.0 PWMO®? T2EX I/l0 | PORT4: General purpose /O
port, which can be configured
NC 36 48 P4.1 pwmMm1@ T3EX /O by software in four modes. Its

multifunction pins are for
PWMO-3, SCL1, SDAL,

@

NC 48 64 P4.2 PWM2 110 ICE_CLK and ICE_DAT.

NC 12 15 P4.3 PWM32 /o The ICE_CLK/ICE_DAT pins
are for JTAG-ICE function
use.

NC 28 36 P4.4 SCL1 1/0
PWMO0-3 can be used from

NC 29 37 P4.5 SDA1 vo |P2.0-P2.30rP4.0-P4.3.

The T2EX/T3EX pins are for
14 19 30 38 P4.6 ICE_CLK 11O external capture/reset trigger
input of Timer2/3.
15 20 31 39 P4.7 ICE_DAT 110

NC NC 7 P5.1 T1EX 110 PORTS5: General purpose 1/0
port, which can be configured

NC NC s P5.2 SDAO /0 by software in four modes. Its
multifunction pins are for
TOEX, T1EX, SDAO and

NC NC 9 P5.3 SCLO 1/0 SCLO.

NC NC 23 P5.4 o | The TOEX/TIEX pins are for
external capture/reset trigger
input of Timer0/1.

NC NC 24 P5.5 110
The SDAOQ/SCLO pins are for

NC NC 25 P5.6 yo |10 function use.

NC NC 26 P5.7 1/0

NC NC 40 P6.0 110 PORT6: General purpose /0
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Pin Number Alternate Function
[1] . .
TSSOP | QFN | LQFP | LQFp | Symbol Type Description
1 2 3
20 33 48 64
NC NC 41 P6.1 110 port, which can be configured
by software in four modes.
NC NC 42 P6.2 110
NC NC 43 P6.3 110
NC NC 57 P6.6 1/0
NC NC 58 P6.7 I/0

1/0, PORT?7: General purpose 1/O port,
9 10 15 18 P7.0 XTAL2 which can be configured by

0 software in four modes. Its
multifunction pins are for XTAL

/O, | XTAL: External 4~24 MHz (high
I(ST) speed) crystal pin.

10 11 16 19 P7.1 XTAL1

Note 1: I/O type description. |: Input, O: Output, I/0O: Quasi-bidirectional, D: Open-drain, P: Power pins, ST: Schmitt trigger.

Note 2: The PWMO ~ PWM3, RXD, TXD, RXD1, TXD1, SCL1, SDA1 and CKO can be assigned to different pins. However, a
pin function can only be assigned to a pin at the same time, i.e. software cannot assign RXD to P0.3 and P3.0 at the same time.

Nov. 27, 2014 Page 20 of 72 Rev.1.03



NuMicro™ MO058S Series Datasheet

NnUvVoTOoN
I

|OxE000_ED00 — OxEO000_EDS8F SCB_BA System Control Block Registers

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

Nov. 27, 2014 Page 27 of 72 Rev.1.03



NuMicro™ MO058S Series Datasheet

NnUvoToN
L m————————

6.2.5 Whole System Memory Mapping

MO058S
4GB OxFFFF_FFFF
Reserved | System Control
0xE000_F000 System Control Block 0xE000_EDOO SCB_BA
System Control OxEO000_EFFF : External Interrupt Controller 0xE000_E100 NVIC_BA
0xE000_E000 - i System Timer Control 0xE000_E010 SYST_BA
O0xE000_DFFF N System Control Space 0xE000_E000 SCS_BA
Reserved |
0x6002_0000
0x6001_FFFF
EBI
0x6000_0000
Ox5FFF_FFFF
Reserved | AHB peripherals
0x5020_0000 FMC 0x5000_C000 FLASH_BA
0x501F_FFFF GPIO Control 0x5000_4000 GPIO_BA
Are 0x5000_0000 A Interrupt Multiplexer Control 0x5000_0300 INT_BA
Ox4FFF_FFFF Clock Control 0x5000_0200 CLK_BA
Reserved | System Global Control 0x5000_0000 GCR_BA
0x4020_0000 APB peripherals
0x401F_FFFF 12C1 Control 0x4012_0000 12C1_BA*
APB | — Timer2/Timer3 Control 0x4011_0000 TMR23_BA
ADC Control 0x400E_0000 ADC_BA
1GB 0x4000_0000 UARTO Control 0x4005_0000 UARTO_BA
Ox3FFF_FFFF PWMO0/1/2/3 Control 0x4004_0000 PWMA_BA
Reserved | SPI0 Control 0x4003_0000 SPI0_BA
12C Control 0x4002_0000 12C0_BA
0x2000_1000 Timer0/Timer1 Control 0x4001_0000 TMRO1_BA
0x2000_OFFF WDT Control 0x4000_4000 WDT_BA
WWDT Control 0x4000_4100 WWDT_BA*
4 KB SRAM |
(M052/M054/M058/M0516)
0.5 GB 0x2000_0000
OX1FFF_FFFF
Reserved I
0x0001_0000
0x0000_7FFF
32 KB on-chip Flash |
0GB 0x0000_0000
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6.2.6 System Timer (SysTick)

The Cortex®-MO includes an integrated system timer, SysTick. SysTick 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 edge, 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
zero 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 0 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 documents “ARM® Cortex®-MO Technical
Reference Manual” and “ARM® v6-M Architecture Reference Manual”.
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6.2.7.1 Exception Model and System Interrupt Map

The following table lists the exception model supported by NuMicro™ MO058S series. 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 %)
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

Interrupt
. Number Power-
Exception Vector " .| Interrupt Source —
Number Address (Bit N Name Module Interrupt description down
Interrupt Wakeup
Registers)
1-15 System exceptions
16 0x40 0 BOD_INT | Brown-out | Brown-out low voltage detected | y o
interrupt
17 0x44 1 WDT_INT wWDT Watchdog Timer interrupt Yes
18 ox48 5 EINTO GPIO Eif]ternal signal interrupt from P3.2 Yes
19 0xAC 3 EINTL GPIO Eif]ternal signal interrupt from P3.3 Yes
External signal interrupt from
20 0x50 4 GPOL_INT GPIO PO[7:0] / P1[7:0] Yes
External interrupt from
21 0x54 5 GP234_INT GPIO P2[7:0]/P3[7:0])/P4[7:0], except | Yes
P32 and P33
27,2014 Page 31 of 72 Rev.1.03
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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 Figure Format

6.2.7.3 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).

The general registers associated with the NVIC are all accessible from a block of memory in the
System Control Space and will be described in next section.
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates 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(J7]) bit and PD_WAIT_CPU (PWRCON[8]) bit are both set to 1.
After that, chip enters Power-down mode and waits for wake-up interrupt source triggered to exit
Power-down mode. In Power-down mode, the clock controller turns off the 4~24 MHz external
high speed crystal (HXT) and 22.1184 MHz internal high speed RC oscillator (HIRC) to reduce
the overall system power consumption. The following figures show the clock generator and the
overview of the clock source control.

6.3.2 Clock Generator Block Diagram
The clock generator consists of 4 clock sources as listed below:

®  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 (HXT) or 22.1184 MHz internal high speed
oscillator (HIRC)) (PLL FOUT)

22.1184 MHz internal high speed RC oscillator (HIRC)
10 kHz internal low speed RC oscillator (LIRC)

XTL12M_EN (PWRCONIO
_EN ( [0) HXT
XTAL1 1
4~24 MHz HXT PLL_SRC (PLLCON[19])
XTAL2 i i
>0 PLL FOUT
—» PLL >
OSC22M_EN (PWRCONJ[2]) 1
22.1184 MHz
HIRC
HIRC
OSC10K_EN(PWRCONI3])
10 kHz SRS
LIRC -
Legend:
HXT = 4~24 MHz external high speed crystal oscillator
HIRC =22.1184 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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6.3.4 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 oscillator clock

®  Peripherals Clock (when 10 kHz low speed oscillator is adopted as clock source)

6.3.5 Frequency Divider Output

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

The output formula is Fqy = Fin/2(N+1), where F;, is the input clock frequency, Fq is the clock
divider output frequency and N is the 4-bit value in FREQDIV.FSEL[3:0].

When write 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When write 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]) set to 1, the frequency divider clock (FRQDIV_CLK) will bypass power-
of-2 frequency divider. The frequency divider clock will be output to CKO pin directly.

FRQDIV_S (CLKSEL2[3:2])

ottgany | FDIV_EN (APBCLK[6])

HIRC

4

Y

HCLK 10 \ FRQDIV_CLK

10 kHz LIRC
z > 01

4~24 MHz HXT Legend: , ,
» 00 HXT =4724 MHz external high speed crystal oscillator

HIRC =22.1184 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-6 Clock Source of Frequency Divider
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6.5 General Purpose I/O (GPIO)

6.5.1 Overview

There are 58 General Purpose 1/O pins shared with special feature functions in this MCU. The 58
pins are arranged in 9 ports named with PO, P1... to P7. Each port equips maximum 8 pins
except P7[1:0]. Each one of the 58 pins is independent and has the corresponding register bits to
control the pin mode function and data

The 1/O type of each of I/O pins can be software configured individually as input, output, open-
drain or quasi-bidirectional mode. The all pins of I/O type stay in quasi-bidirectional mode and port
data register Px_DOUT][7:0] resets to 0x000_0OFF. Each I/O pin equips a very weakly individual
pull-up resistor which is about 110KQ~300KQ for Vpp which is from 5.0V to 2.5V.

6.5.2 Features
[ ) Four I/0 modes:

B Input only with high impedance
B Push-pull output
B Open-drain output
Quasi-bidirectional TTL/Schmitt trigger input mode selected by Px_MFP[23:16]
1/0 pin configured as interrupt source with edge/level setting
1/0 pin internal pull-up resistor enabled only in Quasi-bidirectional /O mode
Enabling the pin interrupt function will also enable the pin wake-up function
Configurable default /O mode of all pins after reset by CIOINI(CONFIG[10]) setting
B CIOINI =0, all GPIO pins in Input tri-state mode after chip reset

B CIOINI = 1, all GPIO pins in Quasi-bidirectional mode after chip reset
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6.12 Serial Peripheral Interface (SPI)

6.12.1 Overview

The Serial Peripheral Interface (SPI) applies to synchronous serial data communication and
allows full-duplex transfer. Devices communicate in Master/Slave mode with 4-wire bi-direction
interface. The NuMicro™ MO058S contains one set 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. SPI controller can be configured as a master or a slave device.

6.12.2 Features
[ ) One set of SPI controllers

Supports Master or Slave mode operation

Configurable transfer bit length

Provides transmit/receive can be transferred up to two times word transaction in one transfer

B Provides FIFO buffers
Supports MSB or LSB first transfer

Supports byte reorder function
Supports byte or word suspend mode

Supports Slave 3-wire mode

SPI bus clock rate can be configured to equal the system clock rate
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7 ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Ratings

SYMBOL PARAMETER MIN MAX UNIT
DC Power Supply Vb -Vss -0.3 +7.0 \
Input Voltage VIN Vss-0.3 Vpp +0.3 \
Oscillator Frequency 1teicL 4 24 MHz
Operating Temperature TA -40 +85 °C
Storage Temperature TST -55 +150 °C
Maximum Current into Vpp o 120 mA
Maximum Current out of Vsg 120 mA
Maximum Current sunk by a I/O pin 35 mA
Maximum Current sourced by a I/O 35 Ty
pin
N_IaX|mum Current sunk by total 1/O 100 mA
pins
Maximum Current sourced by total 100 mA
1/0 pins

Note: Exposure to conditions beyond those listed under absolute maximum ratings may adversely affects the lift and reliability of the device.
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7.2 DC Electrical Characteristics
(Vop -Vss=2.5~5.5V, TA = 25°C, Fosc = 50 MHz unless otherwise specified.)

SPECIFICATION
PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. UNIT

Operation voltage Voo 25 515 \% Vpp =2.5V ~ 5.5V up to 50 MHz

LDO Output Voltage Viso 17 18 19 V|V =25V

Band Gap Analog Input Ve -5% 1.20 +5% \% Vpp =2.5V ~ 5.5V

Analog Operating

Voltage AVoo Voo Voo \/

VDD = 55V@ 50 MHZ,

IDD1 20.6 mMA | enable all peripherals and PLL, XTAL=12
MHz

Vop =55V@ 50 MHZ,

. IDD2 14.4 mA [disable all peripherals and enable PLL,
Operating Current XTAL=12 MHz

Normal Run Mode
@ 50 MHz Voo = 3.3V@ 50 MHz,

IDD3 18.9 mMA | enable all peripherals and PLL, XTAL=12
MHz

Vpp = 33V@ 50 MHz,

IDD4 12.8 mA | disable all peripherals and enable PLL,
XTAL=12 MHz

Voo = 5.5V@ 22 MHz,

IDD5 6.2 mA | enable all peripherals and IRC 22 MHz,
disable PLL

Vpp =5.5V@ 22 MHz,

IDD6 3.4 mA |disable all peripherals and enable IRC 22
Operating Current MHz, disable PLL

Normal Run Mode Vpp = 3.3V@ 22 MHz,

@ 22 MHz IDD7 6.1 mA | enable all peripherals and IRC 22 MHz,
disable PLL

VDD = 33V@ 22 MHZ,

disable all peripherals and enable IRC 22
MHz, disable PLL

IDD8 3.4 mA

Vpp = 5.5V@ 12 MHz,
IDD9 5.3 mA | enable all peripherals and disable PLL,
XTAL=12 MHz
Vpp =5.5V@ 12 MHz,
: IDD10 3.7 mA | disable all peripherals and disable PLL,
Operating Current XTAL=12 MHz
Normal Run Mode
@ 12 MHz Vpp = 3.3V@ %2 MHz, '
IDD11 4.0 mA | enable all peripherals and disable PLL,
XTAL=12 MHz
Vpp = 33V@ 12 MHz,

IDD12 2.3 mA | disable all peripherals and disable PLL,
XTAL=12 MHz
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7.3.3 Typical Crystal Application Circuits

CRYSTAL C1 Cc2

Optional
(Depend on crystal specification)

4 MHz ~ 24 MHz

w}_{ }—4|jXTAL1
= ixnu

Figure 7.3-1 Typical Crystal Application Circuit
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7.3.4 Internal 22.1184 MHz RC Oscillator

PARAMETER CONDITION MIN. TYP. MAX. UNIT
Center Frequency - - 22.1184 MHz
+25°C; Vpp =5V -3 - +3 %
Calibrated Internal Oscillator 5 o
Frequency -40°C~+85°C; 5 b +5 %
Vpp=2.5V~5.5V
Operating current Vop =5V - 500 - UA
7.3.5 Internal 10 kHz RC Oscillator
PARAMETER CONDITION MIN. TYP. MAX. UNIT
Supply voltage™ . 25 . 55 \Y
Center Frequency - - 10 - kHz
+25°C; Vpp =5V -30 - +30 %
Calibrated Internal Oscillator 5 o
Frequency -40°C~+85°C; 50 R +50 %
Vpp=2.5V~5.5V
Operating current Vpp =5V - 5 - UA
Notes:

1. Internal operation voltage comes from LDO.
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7.4.2 LDO Specification

RAMETER MIN TYP MAX UNIT NOTE
Input Voltage 25 5.5 \% Vpp input voltage
Output Voltage -10% 1.8 +10% \% LDO output voltage
Temperature -40 25 85 {8
C - 1 - uF Resr=1ohm

Note:

1. Iltis recommended a 100nF bypass capacitor is connected between vy, and the closest Vg
pin of the device.

2. For ensuring power stability, a 1uF or higher capacitor must be connected between LDO pin
and the closest Vss pin of the device.
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8.2 QFN-33 (5X5 mm?, Thickness 0.8mm, Pitch 0.5 mm)

[r— o] PAEE Blceelc]
W
32 SEATING PLANE
| e
1
1 |
/ .
PIN 1 CORNER — |
|
I A
1
1
1
|
TOP VIEW
S [a0o[C] —_—
[ S -
J SYMBOL | MIN NOM MAX
[&eee]ClAlB] TOTAL THICKNESS A 0.7 0.75 0.8
25 32 STAND OFF Al 0 0.035 | 005
| PIN 1 1D
J u u u | u u u L v e MOLD THICKNESS A2 -—= 0.55 0.57
X L/F THICKNESS A3 0.203 REF
24
£ i w [l LEAD WIDTH b 0.2 0.25 0.3
i BODY SIZE [x D > BsC
] | . y [ v E 5 BSC
e/2
] : 1 A LEAD PITCH e 0.5 BSC
[ [ J 3.4 35 3.6
IIEI ] ! = [ v K 3.4 3.5 36
[eec[C[AlB] — T — " —*+——— - —
— = LEAD LENGTH L 0.35 0.4 0.45
PACKAGE EDGE TOLERANGE aaa 0.1
[ ] i ] MOLD FLATNESS bbb 0.1
COPLANARITY cec 0.08
- ! - LEAD OFFSET ddd 0.1
Y ! U ls EXPOSED PAD OFFSET cee o1
!
A000000D N e
6 I 9 ATTACH PAD
32x LA 32X b —=| L
[@[ded@]|c|A[B] BOTTOM VIEW

Nov. 27, 2014 Page 68 of 72 Rev.1.03



NuMicro™ MO058S Series Datasheet

NnUvVoTOoN
L m————————

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.

Flease 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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