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Pin Number ) Pin -
_ _ _ Pin Name Type[” Description
100- pin| 64-pin | 48-pin
pP2.2 1/0 |General purpose digital I/O pin
u - - ECAPO_IC1 | Input 1 of Enhanced Input Capture Unit O
pP2.3 1/0 |General purpose digital I/O pin
% - - ECAPO_ICO | Input 0 of Enhanced Input Capture Unit O
41 28 - pP2.4 1/0 |General purpose digital I/O pin
40 27 - P2.5 1/0 |General purpose digital I/O pin
P2.6 1/0 |General purpose digital I/O pin
39 26 22 |SPIO_SS /0 |SPIO slave select pin
UART1_nCTS | UART1 CTS pin
pP2.7 1/0 |General purpose digital I/O pin
38 25 21 |SPIO_CLK 1/0  |SPIO serial clock pin
UART1_nRTS O |UART1RTS pin
P3.0 1/0 |General purpose digital I/O pin
31 19 17
UARTO_RXD | Data Receiver input pin for UARTO
P3.1 1/0 |General purpose digital I/O pin
32 20 18  |UARTO_TXD O |Data transmitter output pin for UARTO
ACMPO_O AO |Analog comparator O output
P3.2 1/0 |General purpose digital I/O pin
! : ] INTO | External Interrupt O input pin
P3.3 1/0 |General purpose digital I/O pin
2! ] - INT1 | External Interrupt 1 input pin
P3.4 1/0 |General purpose digital I/O pin
6 2 - TMO /0O |TimerO external clock
12C0_SDA 1/0 ]12C0 data input/output pin
P3.5 1/0 |General purpose digital I/O pin
5 1 - ™1 1/0 |Timerl external clock
12C0_SCL 1/0  ]12CO0 clock output pin
4 - - P3.6 1/0 |General purpose digital I/O pin
3 - - P3.7 1/0 |General purpose digital I/O pin
P4.0 1/0 |General purpose digital I/O pin
z - - ECAP1_ICO | Input 0 of Enhanced Input Capture Unit 1
P4.1 1/0 |General purpose digital I/O pin
2 ] - ECAP1_IC1 | Input 1 of Enhanced Input Capture Unit 1
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- 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 Power Distribution

[ ) 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.
® Hardware Reset
Power-on Reset (POR)
Low level on the Reset pin (nRESET)
Watchdog Time-out Reset (WDT)
Low Voltage Reset (LVR)
Brown-out Detector Reset (BOD)

®  Software Reset
® SYSReset - SYSRESETREQ (AIRCR[2])
®  Cortex®-MO Core One-shot Reset - CPU_RST (IPRSTC1[1])
®  Chip One-shot Reset - CHIP_RST (IPRSTC1]0])

Power-on Reset or CHIP_RST (IPRST1[0]) reset the whole chip including all peripherals,
external crystal circuit and BS (ISPCONJ[1]) bit.

SYSRESETREQ (AIRCR][2]) reset the whole chip including all peripherals, but does not reset
external crystal circuit and BS (ISPCON[1]) bit.
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6.2.3 System Power Distribution

In this chip, the power distribution is divided into two segments.

®  Analog power from AVpp and AVss provides the power for analog components
operation.
® Digital power from Vpp and Vss supplies the power to the 1/0 pins and internal

regulator which provides a fixed 1.8V power for digital operation.

The output of internal voltage regulators, LDO_CAP, requires an external capacitor which should

be located close to the corresponding pin. Analog power (AVpp) should be the same voltage level

of the digital power (Vpp).

AV - -
> 12-bit Analog Brown Low
AV SAR-ADC Comparator OPA out Voltage
* ™ Detector Reset
Temperature Internal
P FLASH Digital Logic 22.1184 MHz & 10 kHz
Seneor "
Oscillator
E ﬂ LDO_CAP
18V T W
XT1_IN - POR18
4~C24|\:“-||z PLL LDO 10 cell _;»x GPIO
XT1 OUT - rysta PO—\RSO
| X I 1

PVoo Eﬂ

8 8
> >

Figure 6-2 NuMicro® M0519 Series Power Distribution Diagram
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6.2.6 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 core
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,
RO~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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XTL12M_EN (PWRCON][O0]) HXT
XT1_OUT
- 4~24 MHz PLL_SRC (PLLCON[19])
HXT
XT1_IN
» 0
PLL PLL FOUT -
OSC22M_EN (PWRCON[2]) 1
Ll
22.1184 MHz
HIRC
HIRC
OSC10K_EN (PWRCONJ3])
10 kHz LIRC
LIRC o
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 Clock Generator Block Diagram
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6.6 Timer Controller (TIMER)
6.6.1 Overview

The Timer controller includes four 32-bit timers, Timer0O ~ Timer3, 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.

6.6.2 Features

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

Provides one-shot, periodic, toggle-output and continuous counting operation modes
24-bit up counter value is readable through TDR (TDR[23:0])

Supports event counting function

Supports external capture pin event for interval measurement

Supports external capture pin event to reset 24-bit up counter
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6.16 Enhanced Analog-to-Digital Converter (EADC)
6.16.1 Overview

The NuMicro® M0519 Series contains two 12-bit successive approximation analog-to-digital converters
(SAR A/D converter) with 16 input channels. The two A/D converters ADCA and ADCB can be
sampled with Simultaneous or Single Sampling mode. The A/D converters can be started by software,
PWM triggers, timer0~3 overflow pulse triggers, ADINTO, ADINT1 interrupt EOC pulse trigger and
external STADC pin input signal.

Note: The analog input port pins must be configured as input type before the EADC function is
enabled.
6.16.2 Features

Analog input voltage range: 0~Vger(Max to 5.0V).

12-bit resolution and 10-bit accuracy is guaranteed.

Up to 16 single-end analog input channels.

Two SAR ADC converters.

Four EADC interrupts with individual interrupt vector addresses.
Maximum EADC clock frequency: 16MHz.

Up to 1.6M SPS conversion rate, each of ADC converter conversion time less than 1.25ps.

Two operating modes
B Single sampling mode: two ADC converters run at normal operation.

B Simultaneous sampling mode: Allow two ADC converters can be sampled
simultaneously.

® An A/D conversion can be started by:

Writing 1 to ADST(ADSSTRIn]) bit ( n = 0~15) through software
External pin STADC

Timer0~3 overflow pulse triggers

ADINTO, ADINT1 interrupt EOC pulse triggers

PWM triggers

Conversion results are held in 16 data registers with valid and overrun indicators.

SAMPLEAO~7 ADC control logic modules, each of them is configurable for ADCA converter
channel AINAO~7 and trigger source.

® SAMPLEBO~7 ADC control logic modules, each of them is configurable for ADCB converter
channel AINBO~7 and trigger source.

® Channel AINAO supports 2 input sources: external analog voltage and internal OPO Amplifier
output voltage.

® Channel AINBO supports 2 input sources: external analog voltage and internal OP1 Amplifier
output voltage.

® Channel AINA7 supports 4 input sources: external analog voltage, internal fixed band-gap
voltage, internal temperature sensor output, and analog ground.
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6.17 Analog Comparator (ACMP)
6.17.1 Overview

The NuMicro® M0519 Series contains three comparators. The comparator output is logic 1 when
positive input voltage is greater than negative input voltage; otherwise the output is logic 0. Each
comparator can be configured to cause an interrupt when the comparator output value changes.

The block diagram is shown in $£5R! IR AR EFIR - .
6.17.2 Features

Analog input voltage range: 0~ AVpp
Supports hysteresis function
Supports wake-up function
Supports comparator output inverse function
Supports the comparator output can be the brake source for EPWM function
ACMPO supports
B 2 positive sources: ACMPO_P and OP0O_O
B 2 negative sources: ACMPO_N and Internal band-gap voltage (Vgg)
® ACMP1 supports
B 2 positive sources: ACMP1_P and OP1_O
B 2 negative sources: ACMP1_N and Internal band-gap voltage (Vgg)
® ACMP2 supports
B 1 positive sources: ACMP2_P

B 2 negative sources: ACMP2_N and Internal band-gap voltage (Vgg)

® Shares one ACMP interrupt vector for all comparators
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SPECIFICATION

PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. UNIT
Operating Current Io21 11.7 mA |55V]| X v X v
Normal Run Mode loom 53 A lssvl x v X X
At 22.1184MHz
while(1){} executed Iob23 11.6 mA 133v] X v X v
from flash
Vipo =1.8V
e lopz 5.2 mA [33v] x | ¥ | x X
Operating Current Iop2s 8.6 mA |[5.5V|12MHz| X X v
Normal Run Mode
Iooze 4.9 mA [5.5V|12MHz[ X X X
At 12MHz
while(1){} executed lopzr 7.2 mA [33V|12MHz| X | X v
from flash
Vipo =1.8V
0 loozs 3.4 mA |33v|iemHz| X | X X
HXT/ ioi
Operating Current VDD LT LIRC | PLL Arlrl]gﬂltgl
Normal Run Mode ooz 0.13 mA
At 10kHz 5.5V X 10KHz X v
while(1){} executed loo30 0.12 mA |55v| X |1okHz| X X
from flash
Vipo =1.8V lbps1 0.11 mA [3.3v|] X |10KHz| X v
Iops2 0.11 mA [33Vv| X |10KHz| X X
_ vop | HxT | HirRe | PLL [ A dc"g'lta'
Operating Current loLes 30.1 mA module
Idle Mode 55V|12MHz| X v v
At 72MHz =
while(1){} executed = 9.2 mA IssviiemHzl X X
from flash loLes 28.6 mA |3.3V|12MHz| X v v
VLDO =1.8V
lipLea .7 mA |[3.3V|12MHz| X v X
Operating Current lioLes 25.7 mA [5.5v]|12MHz| X v v
Idle Mode
libLes 8.2 mA [5.5v]|12MHz| X v X
At 60MHz
while(1){} executed lioLe7 24.2 mA [3.3V]|12MHz| X v v
from flash
Vivo =1.8V lotes 6.7 mA [33v|iamHz| x | ¥ X
Operating Current libLes 23.0 mA |[55V]|12MHz| X v v
Idle Mode
lipLeo 8.4 mA |55V|12MHz| X v X
At 50MHz
while(1){} executed loLELL 21.5 mA [3.3v]ioamHz| X v v
from flash
Vivo =1.8V libLEL2 6.9 mA |3.3V|12MHz X v X
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SPECIFICATION

PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. UNIT
Ipwos - pA [33v] X X v X
Logic O Input Current (Quasi-
bidirectional mode) he ) ) 75 HA
Input Leakage Current (input ) )
only) I 2 wA
Logic 1 to 0 Transition
Current (Quasi-bidirectional (e - - -660 pA Voo = 5.5V, Viy<2.0v
mode)
Int | Pull-High Resistor of
/ggg?_rmu igh Resistor o Resr 15 ) ) KO
Input Low Voltage (TTL
ingut) ge ( Vi -0.3 - 0.2Vpp-0.1 | v
Input Low Voltage (Schmitt
ingut) ge ( Vi -0.3 0.3Vop v
Input Low Voltage (/RESET,
YPAL in ge ( Vi -0.3 015Vop | V
ilrr]lslljtt)ngh Voltage (TTL Vi 0.2Vpp+0.9 ) Vop +0.3 v
Input High Voltage (Schmitt )
input, /RESET, XTAL in) Vi 0-7Voo Voo #0.3 |V
Hysteresis voltage of
(Schmitt input) Vi ) 0.-2Voeo ) v
-360 - - ],J.A VDD = 45V, Vs =2.4V
Source Current (Quasi- _ _
bidirectional Mode) lon 60 i . WA [Voo =27V, Vs = 2.2V
-50 - - pA  |Vopo = 2.5V, Vs = 2.0V
-25 - - mA |Vpp =4.5V, Vs = 2.4V
I\S/I%Léjg)e Current (Push-pull o " ] ] mA Voo = 2.7V, Ve = 2.2V
-3 - - mA |Vpp = 2.5V, Vs = 2.0V
16 - - mA [Vpp = 4.5V, Vs = 0.45V
Sink Current (Quasi-
bidirectional and Push-pull loL 10 - - mA [Vpp = 2.7V, Vs = 0.45V
Mode)
9 - - mA [Vpp = 2.5V, Vs = 0.45V
Note:

1. /RESET pin is a Schmitt trigger input.
2. Crystal Input is a CMOS input.

3. 1/0 pin can source a transition current when they are being externally driven from 1 to 0. In the condition of Vpp=5.5V,
5he transition current reaches its maximum value when V|y approximates to 2V.
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7.3 AC Electrical Characteristics

——— ftoeL ————»

0.7 Vpp-——--
0.3 Vpp -
teHeL
Note: Duty cycle is 50%.

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
teHex Clock High Time 10 - - nS
terex Clock Low Time 10 - - nS
teren Clock Rise Time 2 - 15 nS
temeL Clock Fall Time 2 - 15 nS

7.3.1 External 4~24MHz Crystal

PARAMETER CONDITION MIN. TYP.. MAX. UNIT
Operation Voltage Vpp - 25 - 5.5 Y,
Temperature - -40 - 85 T
Operating Current 12 MHz at Vpp = 5V - 1 - mA
Clock Frequency External crystal 4 24 MHz

7.3.1.1 Typical Crystal Application Circuits

CRYSTAL C1 Cc2 R
4 MHz ~ 24 MHz 10~20 pF 10~20 pF without
c1
\\}_{ XTALL
R L]
1 XTAL2

Cc2

Figure 7—1 Typical Crystal Application Circuit
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7.3.2 Internal 22.1184 MHz Oscillator

PARAMETER CONDITION MIN. TYP. MAX. UNIT
Supply voltage - 25 - 55 \%
- - 22.1184 - MHz
Frequency +25°C; Vpp = 5V -1 - +1 %
Aft librati
(After calibration) 40 to +105°C;
-2 - +2 %
Vpp = 2.5V~5.5V
Operation Current Vpp =5V - 500 - UuA
7.3.3 Internal 10 kHz Oscillator
PARAMETER CONDITION MIN. TYP. MAX. UNIT
Supply voltage - 25 - 55 \%
Center Frequency - - 10 - kHz
+25C; Vop =5V -30 - +30 %
Calibrated Internal Oscillator Frequency -40°C~+85C
' -50 - +50 %
Vpp=2.5V~5.5V
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7.4 Analog Characteristics

7.4.1 12-bit SARADC

PARAMETER SYMBOL CONDITON MIN. TYP. MAX. UNIT
Resolution - - - 12 Bit
Differential nonlinearity error DNL - -1~2 -1~4 LSB
Integral nonlinearity error INL - +2 +4 LSB
Offset error EO - +1 10 LSB
Full scale error EG - 1 1.005 LSB
Monotonic - Guaranteed
AVDD =5V - - 16
ADC clock frequency Fapc MHz
AVDD =3V - - 8
AVDD =5V - - 800
Sample rate Fs ksps
AVDD =3V - - 400
Sample time Ts - 8 - Clock
Conversion time Taoc - 12 - Clock
Supply voltage AVpp 25 - 5.5 Vv
Vger Voltage Vrer 2.0 AVpp
Supply current Iopa - 15 - mA
Reference current Irer - 1 - mA
Input voltage VIN 0 - VRrer \%
Capacitance CIN - 5 - pF
7.4.2 LDO
PARAMETER MIN. TYP. MAX. UNIT NOTE
Input Voltage Vpp 2.5 5.5 V  |Vop input voltage
Output Voltage 1.62 1.8 1.98 V |Vop>25V
Operating Temperature -40 25 105 T
Chp - 1 - uF  |Resk=1Q
Note:

1. It is recommended that a 10 uF or higher capacitor and a 100 nF bypass capacitor are connected between Vpp and the
closest Vss pin of the device.

2. To ensure power stability, a 1 pF or higher capacitor must be connected between LDO_CAP pin and the closest Vss
pin of the device.
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7.4.3 Low Voltage Reset

MO0519

PARAMETER CONDITION MIN TYP. MAX. UNIT
Operation Voltage - 0 - 5.5 \%
Quiescent Current AVpp=5.5V - 1 5 pA
Operation Temperature - -40 25 105 C
Threshold Voltage - 1.6 2.0 24 \%
Hysteresis - 0 0 0 \%
7.4.4 Brown-out Detector
PARAMETER CONDITION MIN TYP. MAX. UNIT
Operation Voltage - 0 - 5.5 \%
Temperature - -40 25 105 T
Quiescent Current AVpp=5.5V - - 125 uA
BOD_VL[1:0]=11 4.2 4.4 4.6 Y
BOD_VL [1:0]=10 35 3.7 3.9 \Y
Brown-out Voltage
BOD_VL [1:0]=01 2.6 2.7 2.8 \Y,
BOD_VL [1:0]=00 21 2.2 2.3 \Y,
Hysteresis - 30 - 150 mVv
7.4.5 Power-On Reset (5V)
PARAMETER CONDITION MIN TYP. MAX. UNIT
Operation Temperature - -40 25 105 T
Reset Voltage V+ - 2 - \%
Quiescent Current Vin > reset voltage - 1 - nA
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7.5 Flash DC Electrical Characteristics

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Voo Supply Voltage 1.62 1.8 1.98 vi
Nenour Endurance 10000 cycles™
Trer Data Retention At 25C 100 year
Terase Page Erase Time 20 ms
Tver Mass Erase Time 40 ms
Teroc Program Time 40 s
lop1 Read Current - 0.15 0.5 mA/MHz
lop2 Program/Erase Current 7 mA

Note : This table is guaranteed by design, not test in production.

[1] Number of program/erase cycles.
[2] Voo is source from chip LDO output voltage.
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8 PACKAGE DIMENSIONS

8.1 LQFP 100V (14x14x1.4 mm footprint 2.0mm)

100

LY |
Controlling Dimension : Millimeters

symbol Qimension in inch Qimension in mm
Min [Nom | Max | Min |Nom | Max

A — | — |o0o63| — | — | 160
Al 0002 | — | — | 005| — | —
A 0.053 | 0.055 [ 0.057 | 1.35 | 1.40| 145
b 0.007 | 0.009 | 0011 | 017 | 022 | 027
c 0.004 | 0.006 {0.008 | 0.10 | 0.15| 0.20
D 0.547 | 0.551 | 0.556 | 13.90 | 14.00 | 14.10
E 0.547 | 0.551 | 0.556 | 13.90 | 14.00 | 14.10
e — 0020 — | — | 050| —
Hpo  |0.622 |0.630 | 0.638 | 15.80 | 16.00 | 16.20
He 0.622 | 0.630 | 0.638 | 15.80 | 16.00 | 16.20
L 0.018 | 0.024 [ 0030 | 045 | 060 075
L1 — 10039 | — — 100 | —
y — | — 0004 — | — | 010
0° — 7° 0° — 7°
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8.3 LQFP 48L (7x7x1.4mm footprint 2.0mm)

36 25 ikhw
I /Jf
37; 524
48§C EB
UMUUUUUUUUU =
1 = »‘J‘P 12

[ |
s pe A HHHHHHH AR I

5

Controlling dimension : Millimeters

Dimensionininch Dimension in mm
Min [Nom | Max | Min |Nom | Max
A JE— — — — JE— —
Az 0.002| 0.004 | 0.006 | 005 | 010 | 0.15
Az 0.053 |0.055 |0.057 | 1.35 | 140 |145

Symbol

b 0.006 {0.008 [0.010 | 015 | 020 |[0.25
C 0.004 |0.006 | 0008 | 0.10 |0.15 |0.20
D 0272|0276 |0280 | 690 | 700 | 7.10
E 0272|0276 | 0280 | 690 | 700 | 7.10
e 0.014 | 0.020 | 0.026 | 035 | 050 |0.65
Hp 0.350 [0.354 | 0358 | 890 [9.00 |9.10
He 0350 [0.354 |0.358 | 890 |9.00 |9.10
L 0018 |0.024 |0.030 | 045 | 060 |0.75
L1 — 10039 | — — | 100 | —
Y — | — |ooo4a| — | — |o10
3] 0 — | 7 0 — | 7
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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.

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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