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- Provides remote wake-up capability
® ADC
- 12-bit SAR ADC with 1 MSPS(chip working at 5V)
- Up to 8-ch single-end input or 4-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
® Analog Comparator
- Up to two analog comparators
- External input or internal Band-gap voltage selectable at negative node
- Interrupt when compare result change
- Supports Power-down wake-up
® 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-bit unique customer ID(UCID)
One built-in temperature sensor with 1°C resolution
Brown-out Detector
- With 4 levels: 4.4 VI3.7 VI2.7 V2.2V
- Supports Brown-out Interrupt and Reset option
® Low Voltage Reset
- Threshold voltage level: 2.0 V
® Operating Temperature: -40°C ~ 105C
® Packages:
- All Green package (RoHS)
- LQFP 100-pin / 64-pin / 48-pin
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4.2 Pin Configuration

4.2.1 NuMicro™ NUC230 Pin Diagram

4.2.1.1 NuMicro ™ NUC230VxxAE LQFP 100 pin
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Figure 4-2 NuMicro™ NUC230VxxAE LQFP 100-pin Diagram
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Pin No.
Pin Name P Description
LQFP | LQFP | LQFP Type
100-pin | 64-pin | 48-pin
ADC1 Al |ADC1 analog input.
SCO_RST O |SmartCardO reset pin.
AD12 I/O |EBI Address/Data bus bit12
PA.2 /O |General purpose digital /0 pin.
ADC2 Al |ADC2 analog input.
73 46 * SCO_CLK O |SmartCardO clock pin.
UART3_TXD O |Data transmitter output pin for UART3.
AD11 I/0  |EBI Address/Data bus bit11
PA.3 /O |General purpose digital /0 pin.
ADC3 Al |ADC3 analog input.
74 47 % SCO_DAT O |SmartCardO data pin.
UART3_RXD | Data receiver input pin for UART3.
AD10 /O [EBI Address/Data bus bit10
PA.4 /O |General purpose digital /0 pin.
48 % ADC4 Al |ADC4 analog input.
" AD9 I/ |EBI Address/Data bus bit9
SC1_PWR O |SmartCardl power pin.
PA.5 /O |General purpose digital /0 pin.
49 ¥ ADC5 Al |ADCS analog input.
" ADS8 I/0  |EBI Address/Data bus bit8
SC1_RST O |SmartCardl reset pin.
PA.6 /O |General purpose digital 1/0 pin.
50 % ADC6 Al |ADCS6 analog input.
77 AD7 /O [EBI Address/Data bus bit7
SC1_CLK /O |SmartCard1l clock pin.
UART4_TXD O |Data transmitter output pin for UART4.
PA.7 /0 |General purpose digital /0 pin.
ADC7 Al |ADCY7 analog input.
AD6 I/O  |EBI Address/Data bus bit6
" SC1_DAT O |SmartCardl data pin.
UART4_RXD | Data receiver input pin for UART4.
SPI2_SS1 110 [2™ SPI2 slave select pin.
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6 FUNCTIONAL DESCRIPTION

6.1 ARM® Cortex™-MO Core

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 shows the functional controller of processor.

Cortex™-M0 Components
Cortex M-MO processor Debug
Interrupts Nested ;
Vectored Cortex™-MO0 Brezﬁzomt
»| Interrupt [« Processor |€&—t» Watchpoint
Controller Core Unﬁ
(NVIC)
Wakeup
Interrupt v Y Access
. Debugger Port
A o L A . i A .
C(z\r;\;lrgl)ler » Bus Matrix 1< Interface ~ 17| (DAP)
A A
\ 4 \ 4
AHB-Lite Serial Wire or
Interface JTAG Debug Port

Figure 6-1 Functional Controller Diagram

The implemented device provides the following components and features:
® Alow gate count processor:
- 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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Figure 6-3 NuMicro™ NUC240 Power Distribution Diagram
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6.2.5 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 O
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 “ARM® Cortex™-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual’.
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6.2.6.2 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 6-4 Vector Table Format

6.2.6.3 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.

6.2.7 System Control

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

For more detailed information, please refer to the “ARM® Cortex™-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual’.
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6.5 External Bus Interface (EBI)

6.5.1 Overview

The NuMicro™ NUC100 series LQFP-64 and LQFP-100 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™ NUC230/240 series has up to 84 General Purpose 1/O pins to be shared with other
function pins depending on the chip configuration. These 84 pins are arranged in 6 ports named
as GPIOA, GPIOB, GPIOC, GPIOD, GPIOE and GPIOF. The GPIOA/B/C/D/E port has the
maximum of 16 pins and GPIOF port has the maximum of 4 pins. Each of the 84 pins is
independent and has the corresponding register bits to control the pin mode function and data.

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

Enabling the pin interrupt function will also enable the pin wake-up function.

6.7 PDMA Controller (PDMA)
6.7.1 Overview

The NuMicro™ NUC230/240 series 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_CSRXx[0]). 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.
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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

6.9.2.1 PWM Function:

® Upto 2 PWM groups (PWMA/PWMB) to support 8 PWM channels or 4
complementary PWM paired channels

® Each PWM group has two PWM generators with each PWM generator supporting one
8-bit prescaler, two clock divider, 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 8 Capture input channels shared with 8 PWM output channels

® Each channel supports one rising latch register (CRLR), one falling latch register
(CFLR) and Capture interrupt flag (CAPIFXx)
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6.13 UART Interface Controller (UART)
6.13.1 Overview

The NuMicro NUC230/240 series 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/UART2) 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/UART1 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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8 ELECTRICAL CHARACTERISTICS

8.1 Absolute Maximum Ratings

SYMBOL PARAMETER MIN MAX UNIT
DC Power Supply Vop—Vss -0.3 +7.0 \%
Battery Power Supply Vear +2.4 +5.0 \%
Input Voltage VN Vss-0.3 Vpp+0.3 \Y
Oscillator Frequency 1ltcicL 4 24 MHz
Operating Temperature Ta -40 +105 °C
Storage Temperature Tsr -55 +150 °C
Maximum Current into Vpp - 120 mA
Maximum Current out of Vss 120 mA
Maximum Current sunk by a I/O pin 35 mA
Maximum Current sourced by a I/O pin 35 mA
Maximum Current sunk by total /O pins 100 mA
Maximum Current sourced by total I/O pins 100 mA

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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SPECIFICATION
PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. | UNIT
libLE19 133 HA 3.3V 32.768 X X \%
libLE20 120 HA 3.3V 32.768 X X X
Voo | HXTLXT |LIRC (kHz)| PLL Ar:']gé%'lt:'
libLE21 122 pA
. 5.5V X 10 X \Y
Operating Current
Idle Mode lipLE2?2 118 ]J.A 5.5V X 10 X X
at 10 kHz
lioLezs 122 pA 3.3v X 10 X v
IIDLE24 118 'J,A 3.3V X 10 X X
HXT/HIRC
Vb LXT (kHz) RTC regﬁgon
lpwp1 15 pA RS
Standby Current
5.5V X X X \Y
Power-down Mode
(Deep Sleep Mode) lpwp2 15 uA 5.5V X X X \%
Vioo =1.6 V lowos 17 LA 3.3V X 32.768 v v
lpwpa 17 HA 3.3V X 32.768 \Y \%
RTC Operatin
Cutrenr g vear 1.6 WA [Vear= 3.0V, RTC enabled
Input Current PA,
PB, PC, PD, PE, PF } ) _ _ _
(Quasi-bidirectional Iy Y 60 | pA [Vop=5.5V, Vin =0V or Vin=Voo
mode)
}EFI)EUSté:'Il'J[H entat Iz 55 45 | -30 | pA |Voo=3.3V, Vi =045V
Input Leakage
Current PA, PB, PC, Ik -2 = +2 'J,A Vpp = 5.5V, 0<Vn<Vpp
PD, PE, PF
Logic 1to O
Transition Current 3] i ) ) _
PA“PF (QuaSi- ITL 650 200 IJ.A VDD = 55V, V|N<2.0V
bidirectional mode)
Input Low Voltage -0.3 - 0.8 Vpp = 4.5V
PA, PB, PC,PD, PE,| Viu v
PF (TTL input) -0.3 5 0.6 Vpp = 2.5V
VDD =
Input High Voltage L ) +0.2 Mol
PA, PB, PC,PD, PE,| Viu v
PF (TTL input) Voo _
1.5 - +0.2 Vpp =3.0V
Input Low Voltage
PA, PB, PC, PD, PE, Vi -0.3 - 0.3Vop \%
PF (Schmitt input)
Input High Voltage v
PA, PB, PC,PD,PE,| Vi | 0.7Vop - +63'32 Y
PF (Schmitt input) ;
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8.4.6 Temperature Sensor Specification

PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Operation Voltage™ 25 . 5.5 Y,
Operation Temperature -40 = 105 @
Current Consumption 16 HA
Gain -1.55 -1.65 -1.75 mV/C
Offset Voltage Temp=0 C 735 745 755 mV

Note: Internal operation voltage comes from internal LDO.

8.4.7 Comparator Specification

PARAMETER CONDITION MIN. TYP. MAX. UNIT
Operation Voltage AVpp - 25 5.5 \%
Operation Temperature - -40 25 105 L€
Operation Current Vpp=3.0 V - 20 40 HA
Input Offset Voltage - - 10 20 mV
Output Swing . 0.1 . Vpp-0.1 Y,
Input Common Mode Range - 0.1 - Vpp-1.2 \%
DC Gain - - 70 - dB
Propagation Delay VCM=1.2 V and VDIFF=0.1 V - 200 - ns

20 mV at VCM=1 V

. 50 mV at VCM=0.1 V
Comparison Voltage 10 20 - mV
50 mV at VCM=Vpp-1.2

10 mV for non-hysteresis

Hysteresis VCM=0.4V ~ Vpp-1.2 V - +10 - mV
; CINP=1.3V

Wake-up Time - - 2 us
CINN=1.2 V
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9.2 64-pin LQFP (7x7x1.4 mm footprint 2.0 mm)

@ 4x [ ]pbb[Y[T-U[Z]
~—-——D/2
PINT CORNER 54 h-— 6o SYMBOL | MIN | NOM [ MAX
| g TOTAL THICKNESS A —— | —— 1] 18
HHHHHHHHHHH HHHH STAND OFF Al 0.05 | —— | 0.15
1 o | 1 48 MOLD THICKNESS AZ 1.35 | 1.4 | 1.45
= i = LEAD WDTH{PLATING) b 013 | 018 | 0.23
— , = LEAD WDTH bi 013 | 0.16 | 019
.:.:‘:': :,:,:'Z' |/F THICKNESS{PLATING) < 009 | —— | 02
E—:] TE';_____+_____¥E_ E:ﬂ L/F THICKNESS cl 009 | —— | 016
== | = | X D g BSC
= ! == Y E 9 BSC
E/2| CT— | — BODY SIZE X 1 7 BSC
o 1 T
16 | =33 Y E1 7 Bs5C
; LEAD PITCH e 0.4 BSC
HHHHHHHHIHHHHHHHH L 0.45 | 06 [ 0.75
7 32 FOOTPRINT L1 1 REF
[l 0 | 35 7
o1} ol 0 | —— | ———
e— e
TOP WIEW Rf
DETAIL F 1 008 | —— [ ———
- e R2 008 | — | 02
H | TN
g ¢ AT S 102 [——]--—
N ! PACKAGE EDGE TOLERANCE| aaa 0.2
= f== LEAD EDGE TOLERANCE bbb 0.2
EDXE"‘ ""‘ *'“' vt [Sece[v] ICOFLANARITY coe 0.08
SEATING [e/2] LEAD OFFSET ddd 0.07
SIDE VIEW MOLD FLATMESS eee 0.05
PLATING —\ /— BASE METAL |
el c
// | A n
l
|— b1 —] R -?GAUGE PLANE
"_h_"' —j— -
[%[ddd@ Al d f
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10 REVISION HISTORY

REVISION DATE DESCRIPTION

1.00 May 12, 2014 Preliminary version

1, Added EBI function

1.01 Dec. 30,2014
2, Rearranged the chepter sequence.

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 datasheef belong to their respective owners.
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