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ARM-Based

32-bit Microcontroller

CPU core

1/2: Cortex-M0
5/7: ARM7
9: ARM9

Function

Temperature

N: -40°C ~ +85C
E: -40°C ~ +105C
C: -40°C ~ +125C

Reserve

RAM Size

3: Automotive Line
4: Connectivity Line

Package Type

2: 8KB
3: 16 KB

APROM Size

L: LQFP 48
S: LQFP 64
V: LQFP 100

C: 32KB
D: 64 KB
E: 128 KB

Figure 4-1 NuMicro™ NUC230/240 Series Selection Code
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4.2.2.3 NuMicro ™NUC240LxxAE LQFP 48 pin
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Figure 4-7 NuMicro™ NUC240LxxAE LQFP 48-pin Diagram
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4.3 Pin Description

4.3.1 NuMicro™ NUC230 Pin Description

Pin No.
Pin Name P Description
LQFP | LQFP | LQFP Type
100-pin | 64-pin | 48-pin

1 PE.15 1/0 |General purpose digital I/O pin.

2 PE.14 1/0 |General purpose digital I/O pin.

3 PE.13 1/0 |General purpose digital I/O pin.
PB.14 /0 |General purpose digital /O pin.

1 ADO /0 |EBI Address/Data bus bit0

¢ INTO | External interruptO input pin.
SPI3_SS1 /O |2" SPI3 slave select pin.
PB.13 1/0 |General purpose digital I/O pin.

5 2 AD1 /0 |EBI Address/Data bus bitl
ACMP1_O O |Comparatorl output pin.

6 3 1 Vgar P |Power supply by batteries for RTC.

7 4 2 X32_0OUT O |External 32.768 kHz (low speed) crystal output pin.

8 5 3 X32_IN | External 32.768 kHz (low speed) crystal input pin.
PA.11 1/0 |General purpose digital I/O pin.

4 |12C1_SCL I/0  [I*)C1 clock pin.

° ° CAN1_RXD | Data receiver input pin for CAN1.
nRD O |EBI read enable output pin
PA.10 1/0 |General purpose digital I/O pin.

5 12C1_SDA I/O |I°C1 data input/output pin.

10 ! CAN1_TXD O |Data transmitter output pin for CAN1.
nWR O |EBI write enable output pin
PA.9 1/0 |General purpose digital I/O pin.

11 8 6
12C0_SCL 110 [1*CO clock pin.
PA.8 1/0 |General purpose digital I/O pin.

12 9 7
12C0_SDA I/0 |ICO data input/output pin.
PD.8 1/0 |General purpose digital I/O pin.

+ SPI3_SS0 I/0 |1% SPI3 slave select pin.
PD.9 1/0 |General purpose digital I/O pin.

14 SPI3_CLK /0 |SPI3 serial clock pin.

15 PD.10 1/0 |General purpose digital I/O pin.
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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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Pin No.
Pin Name R Description
LQFP | LQFP | LQFP Type P
100-pin | 64-pin | 48-pin
PF.0 /O |General purpose digital 1/0 pin.
92 58 44
XT1_OUT O |External 4~24 MHz (high speed) crystal output pin.
PF.1 /O |General purpose digital 1/0 pin.
93 59 45
XT1_IN | External 4~24 MHz (high speed) crystal input pin.
External reset input: active LOW, with an internal pull-up. Set this
= Y & R SET I pin low reset chip to initial state.
95 61 Vss P |Ground pin for digital circuit.
Power supply for 1/0 ports and LDO source for internal PLL and
e . Voo P |digital circuit.
PF.2 /O |General purpose digital /0 pin.
97
PS2_DAT I/0 |PS/2 data pin.
PF.3 /O |General purpose digital /0 pin.
98
PS2_CLK /0 |PS/2 clock pin.
99 63 47 PVss P |PLL ground.
PB.8 /0 |General purpose digital /0 pin.
STADC | ADC external trigger input.
100 64 48
T™MO 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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6.2.3 System Power Distribution

In this chip, the power distribution is divided into three 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 internal regulator which
provides a fixed 1.8 V power for digital operation and I/O pins.

[ USB transceiver power from Vgys offers the power for operating the USB transceiver.
®  Battery power from Vgar supplies the RTC and external 32.768 kHz crystal.

The outputs of internal voltage regulators, LDO and Vppss, require an external capacitor which
should be located close to the corresponding pin. Analog power (AVpp) should be the same
voltage level with the digital power (Vpp). $52R! R FIZMEAIE - Figure 6-2 shows the NuMicro™
NUC230 power distribution, and Figure 6-3 shows the NuMicro™ NUC240 power distribution.

NUC230 Power Distribution
AVpp —H 12-bit Analog Brown- Low
SAR-ADC Comparator out Voltage
AVss —» P Detector Reset
Temperature Internal
P FLASH Digital Logic 22.1184 MHz & 10 kHz
Seneor .
Oscillator
LDO_CAP
18V | : | 1.8V gl_; o
External POR18
ULDO | | 32.768 kHz RTC PLL LDO 10 cell GPIO
Crystal POR50
A A

Voo

PVSS — >
-
Vss —+—P

Veat
X32_UTO =
X32_IN

Figure 6-2 NuMicro™ NUC230 Power Distribution Diagram
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XTL32K_EN (PWRCONI[1])
X32_0uUT
- 32.768 kHz LXT
LXT o
X32_IN
XTL12M_EN (PWRCON
_EN ( CONI[0]) HXT
XT1_OUT
- | 4~24 MHz PLL_SRC (PLLCON[19])
HXT
XTLIN [ J——
0 PLL FOUT
—» PLL oV »
OSC22M_EN (PWRCON[2]) 1
22.1184 MHz
HIRC
HIRC 4
OSC10K_EN(PWRCONIJ3])
10 kHz BIEC.%
LIRC i
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
LIRC =10 kHz internal low speed RC oscillator

Figure 6-4 Clock Generator Block Diagram
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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 Fi/2" to Fin/2'® where Fin is input clock frequency to the clock
divider.

The output formula is Fqyt = Fin/2™P, where Fy, is the input clock frequency, Fo 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]) ‘

22.1184 MHz 11
e

FRQDIV_CLK
HCLK 10 \ Sy
32.768 kHz A
—>

Y

\4

01

4724 MHz
—» 00

Figure 6-8 Clock Source of Frequency Divider

A\

DIVIDER_EN
(FRQDIV[4]) Enable
divide-by-2 counter 16 chained FSEL .
divide-by-2 counter (G300 feH0)
FRQDIV_CLK
12 | 122 | 12| . 1215 | 1/216 i DIVIDER1
e (FRQDIVI5])
\ [ | 0000 |
\ | 0001 |
I . 1,/16to1
I 17 Mux CLKO
11110 |
11111 |
4444444444\\\\\\ [E—

Figure 6-9 Frequency Divider Block Diagram
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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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6.10 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 (2* ~ 2'®) 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 (CONFIGO0[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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6.15 PS/2 Device Controller (PS2D)
6.15.1 Overview

PS/2 device controller provides a basic timing control for PS/2 communication. All communication
between the device and the host is managed through the PS2_CLK and PS2_DATA pins. Unlike
PS/2 keyboard or mouse device controller, the receive/transmit code needs to be translated as
meaningful code by firmware. The device controller generates the PS2_CLK signal after receiving
a “Request to Send” state, but host has ultimate control over communication. Data of PS2_DATA
line sent from the host to the device is read on the rising edge and sent from the device to the
host is change after rising edge. A 16 bytes FIFO is used to reduce CPU intervention. Software
can select 1 to 16 bytes for a continuous transmission.

6.15.2 Features

Host communication inhibit and "Request-to-Send" state detection
Reception frame error detection
Programmable 1 to 16 bytes transmit buffer to reduce CPU intervention

Double buffer for data reception

Software override bus
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6.16 1°C Serial Interface Controller (1°C)

6.16.1 Overview

I°C 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.

6.16.2 Features

The I°C bus uses two wires (I2Cn_SDA and 12Cn_SCL) to transfer information between devices
connected to the bus. The main features of the 1°C bus include:

®  Supports up to two 1°C 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
6.17 Serial Peripheral Interface (SPI)
6.17.1 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™ NUC230/240 series contains up to four 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 and 2-bit
Transfer mode to connect 2 off-chip slave devices at the same time. This controller also supports
the PDMA function to access the data buffer and also supports Dual I/O Transfer mode.
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6.17.2 Features

Up to four sets of SPI controllers

Supports Master or Slave mode operation

Supports 2-bit Transfer mode

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

6.18 I°S Controller (1°S)
6.18.1 Overview

The I12S controller consists of I°S protocol to interface with external audio CODEC. Two 8-word
depth FIFO for reading path and writing path respectively and is capable of handling 8-, 16-, 24-
and 32-bit word sizes. PDMA controller handles the data movement between FIFO and memory.

6.18.2 Features

Supports Master mode and Slave mode
Capable of handling 8-, 16-, 24- and 32-bit word sizes
Supports monaural and stereo audio data

Supports I°S and MSB justified data format

Provides two 8-word FIFO data buffers, one for transmitting and the other for
receiving

®  Supports PDMA transfer
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6.20 Controller Area Network (CAN)
6.20.1 Overview

The C_CAN consists of the CAN Core, Message RAM, Message Handler, Control Registers and
Module Interface (Refer g&zR! $oAFISIEZIE - ). The CAN Core performs communication
according to the CAN protocol version 2.0 part A and B. The bit rate can be programmed to
values up to 1MBiIt/s. For the connection to the physical layer, additional transceiver hardware is
required.

For communication on a CAN network, individual Message Objects are configured. The Message
Objects and Identifier Masks for acceptance filtering of received messages are stored in the
Message RAM. All functions concerning the handling of messages are implemented in the
Message Handler. These functions include acceptance filtering, the transfer of messages
between the CAN Core and the Message RAM, and the handling of transmission requests as well
as the generation of the module interrupt.

The register set of the C_CAN can be accessed directly by the software through the module
interface. These registers are used to control/configure the CAN Core and the Message Handler
and to access the Message RAM.

6.20.2 Features

Supports CAN protocol version 2.0 part A and B.

Bit rates up to 1 MBit/s.

32 Message Objects.

Each Message Object has its own identifier mask.

Programmable FIFO mode (concatenation of Message Obijects).

Maskable interrupt.

Disabled Automatic Re-transmission mode for Time Triggered CAN applications.
Programmable loop-back mode for self-test operation.

16-bit module interfaces to the AMBA APB bus.

Supports wake-up function

6.21 Analog-to-Digital Converter (ADC)
6.21.1 Overview

The NuMicro™ NUC230/240 series contains one 12-bit successive approximation analog-to-
digital converters (SAR A/D converter) with 8 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.

6.21.2 Features

®  Analog input voltage range: 0~VREF
®  12-bit resolution and 10-bit accuracy is guaranteed

® Up to 8 single-end analog input channels or 4 differential analog input channels
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7 APPLICATION CIRCUIT

pvcc
1
AvVCC
AVop SPISSO cs Voo .
SPICLKO CLK SPI Device
pvcc 3FB MISO_0 MISO
Power Voo MOSI_0 MOSI Vss ——
Vss =
Dvcc pvcce
AVss
4.7K 4.7K
SCLo o [CLK Voo _
I2C Device
Voo SDAO DIO 5 —
SWD ICE_CLK Vs
| B ICE_DAT
nterface nRST ke
Vss Smart Card
VCC
%
}T QAL NUC2xx
Series SC_PWR
]
CWStaI 20p | 4-24MHz
crystal
XTAL2 SC_RST Smart Card Slot
SC_CLK
SC_DAT
= SC_Detect
pvcc
CAN Transceiver e
Reset K CAN_TX|—D CAN_H
S CAN
Circuit T CAN_RX— R CAN_L
EI 10uF/25V-
RS232 Transceiver RSESILRE
= RXD——ROUT RIN
UART
T LDO_CAP TXD—TIN  TOUT
1uF
LDO
Note: For the SPI device, the chip supply voltage
must be equal to SPI device working voltage. For
example, when the SPI Flash working voltage is
= 3.3V, the M05xx chip supply voltage must also
be 3.3V.
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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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