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1 GENERAL DESCRIPTION

The NuMicro® NUC123 series is a new 32-bit Cortex®-MO microcontroller with USB 2.0 Full-speed
devices and a 10-bit ADC. The NUC123 series provides the high 72 MHz operating speed, large
20 Kbytes SRAM, 8 USB endpoints and three sets of SPI controllers, which make it powerful in
USB communication and data processing. The NUC123 series is ideal for industrial control,
consumer electronics, and communication system applications such as printers, touch panel,
gaming keyboard, gaming joystick, USB audio, PC peripherals, and alarm systems.

The NUC123 series runs up to 72 MHz and supports 32-bit multiplier, structure NVIC (Nested
Vector Interrupt Control), dual-channel APB and PDMA (Peripheral Direct Memory Access) with
CRC function. Besides, the NUC123 series is equipped with 36/68 Kbytes Flash memory, 12/20
Kbytes SRAM, and 4 Kbytes loader ROM for the ISP. It operates at a wide voltage range of 2.5V
~ 5.5V and temperature range of -40°C ~ +105C and -40°C ~ +85°C. It is also equipped with
plenty of peripheral devices, such as 8-channel 10-bit ADC, UART, SPI, I°C, I°S, USB 2.0 FS
devices, and offers low-voltage reset and Brown-out detection, PWM (Pulse-width Modulation),
capture and compare features, four sets of 32-bit timers, Watchdog Timer, and internal RC
oscillator. All these peripherals have been incorporated into the NUC123 series to reduce
component count, board space and system cost.

Additionally, the NUC123 series is equipped with ISP (In-System Programming), IAP (In-
Application-Programming) and ICP (In-Circuit Programming) functions, which allows the user to
update the program under software control through the on-chip connectivity interface, such as
SWD, UART and USB.

Product Line UART SPI 1’c USB PS/2 1’s PWM ADC

NUC123 2 3 2 1 1 1 4 8

Table 1-1 Key Features Support Table
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- Generates interrupt requests when buffer levels cross a programmable boundary
- Supports two DMA requests, one for transmitting and the other for receiving

e PS/2 Device Controller

- Host communication inhibit and request to send detection

- Reception frame error detection

- Programmable 1 to 16 bytes transmit buffer to reduce CPU intervention
- Double buffer for data reception

- S/W override bus

e USB 2.0 Full-Speed Device

- Onesetof 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

e ADC

- 10-bit SAR ADC with 150K SPS (for NUC123xxxANX)

- 10-bit SAR ADC with 200K SPS (for NUC123xxxAEX)

- Upto 8-ch single-end input

- Single scan/single cycle scan/continuous scan

- Each channel with individual result register

- Scan on enabled channels

- Threshold voltage detection

- Conversion start by software programming or external input
- Supports PDMA mode

e Brown-out detector

- With 4 levels: 4.4 V/3.7VI2.7VI2.2V
- Supports Brown-out Interrupt and Reset option

e Low Voltage Reset

- Threshold voltage levels: 2.0 V
e One built-in LDO

e Operating Temperature: -40C~85C (for NUC123xxxANX)
e Operating Temperature: -40C~105°C (for NUC123xxxAEX)
e Packages:

- All Green package (RoHS)
- LQFP 64-pin

- LQFP 48-pin

- QFN 33-pin
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3 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 4~20 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

SD Secure Digital

SPI Serial Peripheral Interface
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4322 NuMicro® NUC123LxxAEx LQFP 48 pin
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AVpp []37 24[7] PB.9/SPI1_SS1/TM1/PWM1
SPI2_SS0/ADCO/PD.0 []38 23[7] PB.10/SPI0_SS1/TM2
SPI0_SS1/SPI2_CLK/ADC1/PD.1 []39 22[7] PC.0/SPI0_SS0/12S_LRCLK
SPI0_MISO1/SPI2_MISO0/ADC2/PD.2 []40 21[] PC.1/SPI0_CLK/I2S_BCLK
SPI0_MOSI1/SPI2_MOSIO/ADC3/PD.3 []41 20[] PC.2/SPI0_MISO0/12S_DI
SPI2_MISO1/ADC4/PD.4 []42 NUC123LxxAEx 19[7 PC.3/SPI0_MOSI0/2S_DO
SPI2_MOSI1/ADC5/PD.5 []43 LQFP 48-pin 18[] PC.4/SPI0_MISO1/UARTO_RXD
XT1_OUT/PF.0 [|44 17[] PC.5/SPI0_MOSI1/UARTO_TXD
XT1_INIPF.1 []45 16[] USB_D+
nRESET [46 15[] USB_D-
PS2_DAT/I2C0_SDA/ADC6/PF.2 []47 14[] USB_VDD33_CAP
PS2_CLK/I2C0_SCL/ADCTIPF.3 []48 () 13[] USB_VBUS
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SPI2_CLK/UART1_TXD/PB.5

12C1_SDA/SPI2_MISOO0/SPI1_MISO0/PA.10

SPI2_MISO0/UART1_nCTS/PB.7

SPI1_SS1/SPI2_SS0/UART1_RXD/PB.4

SPI2_MOSIO/UART1_nRTS/PB.6

12C1_SCL/SPI2_MOSIO0/SPI1_CLK/PA.11

Figure 4-6 NuMicro® NUC123LxxAEx LQFP 48-pin Diagram
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nRESET [}

|J:|’ Glitch Filter

| 36 us

~50k ohm
@5v POR_DIS_CODE(PORCR[15:0])

Power-on
Voo Reset

LVR_EN(BODCR([7])

Low Voltage Reset Pulse Width
AVoo Reset _} 3.2ms

BOD_RSTEN(BODCRI[3])

Brown-out
Reset L |
WDT/WWDT Reset Pulse Width System Reset
Reset 64 WDT clocks |

CHIP Reset
CHIP_RST(IPRSTC1[0])
MCU Reset — \ Software Reset | Reset Pulse Width
SYSRESETREQ(AIRCRI[2]) —1 J 2 system clocks
CPU Reset

CPU_RST(IPRSTC1[1])

Figure 6-2 System Reset Resources

There are a total of 8 reset sources in the NuMicro® family. In general, CPU reset is used to reset
Cortex®-MO only; the other reset sources will reset Cortex®-MO0 and all peripherals. However,
there are small differences between each reset source and they are listed in Table 6-1.

Reset Sources
. POR NRESET WDT LVR BOD CHIP MCU CPU

Register

RSTSRC Bit0=1 Bitl1=1 Bit2=1 |[Bit3=1 |[Bit4=1 |[Bit0O=1 Bit5=1 |Bit7=1

CHIP_RST 0x0 - - - - - - -

(IPRSTC1[0])

BOD_EN Reload from|Reload Reload Reload - Reload from|Reload -
CONFIGO |[from from from CONFIGO |[from

(BODCRIO]) CONFIGO |CONFIGO |CONFIGO CONFIGO

BOD_VL

(BODCRJ[2:1])

BOD_RSTEN

(BODCRI[3])

XTL12M_EN Reload from|Reload Reload Reload Reload Reload from|Reload -
CONFIGO [from from from from CONFIGO  |[from

(PWRCON [0) CONFIGO |CONFIGO |CONFIGO |CONFIGO CONFIGO

WDT_EN 0ox1 - 0x1 - - 0ox1 - -

(APBCLK][O0])

HCLK_S Reload from|Reload Reload Reload Reload Reload from|Reload -

. CONFIGO |from from from from CONFIGO |from
(CLKSELO[2:0]) CONFIGO |CONFIGO |CONFIGO |CONFIGO CONFIGO
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WDT_S 0x3 0x3 - - - - - -
(CLKSEL1[1:0])
XTL12M_STB 0x0 - - - - - - -
(CLKSTATUS[0])
PLL_STB 0x0 - - - - - - -
(CLKSTATUS[2])
OSC10K_STB 0x0 - - - - - - -
(CLKSTATUS[3])
0SC22M_STB 0x0 - - - - - - -
(CLKSTATUS[4])
CLK_SW_FAIL 0x0 0x0 0x0 0x0 0x0 0x0 0x0 -
(CLKSTATUS[7])
WTE Reload from|Reload Reload Reload Reload Reload from
(WTCR[7]) CONFIGO |from from from from CONFIGO
CONFIGO |CONFIGO |CONFIGO |CONFIGO
WTCR 0x0700 0x0700 0x0700 0x0700 0x0700 0x0700 - -
WTCRALT 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDTRLD 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDTCR 0x3F0800 |0x3F0800 |Ox3F0800 |0x3F0800 |0x3F0800 |Ox3F0800 |- -
WWDTSR 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDTCVR Ox3F Ox3F Ox3F Ox3F Ox3F Ox3F - -
BS Reload from|Reload Reload Reload Reload Reload from|- -
CONFIGO |[from from from from CONFIGO
(ISPCONL]) CONFIGO |CONFIGO |[CONFIGO |CONFIGO
DFBADR Reload from|Reload Reload Reload Reload Reload from|- -
CONFIG1 [from from from from CONFIG1
CONFIG1 |CONFIG1 |CONFIG1 |[CONFIG1
CBS Reload from|Reload Reload Reload Reload Reload from|- -
. CONFIGO [from from from from CONFIGO
(ISPSTA[2:1)) CONFIGO |CONFIGO |[CONFIGO |CONFIGO
VECMAP Reload Reload Reload Reload Reload Reload base |- -
. base on base on base on base on base on on
(ISPSTA[20:9]) CONFIGO |CONFIGO [CONFIGO |CONFIGO |CONFIGO |[CONFIGO
(NUC123xxxAEx Only)
Other Peripheral Reset Value -
Registers
FMC Registers Reset Value
Note: ‘- means that the value of register keeps original setting.

Table 6-1 Reset Value of Registers

6.2.2.1 nRESET Reset

The nRESET reset means to generate a reset signal by pulling low nRESET pin, which is an
asynchronous reset input pin and can be used to reset system at any time. When the nRESET
voltage is lower than 0.2 Vpp and the state keeps longer than 36 us (glitch filter), chip will be
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6.2.4 System Power Distribution

In this chip, 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 1/O pins.

® USB transceiver power from VBUS offers the power for operating the USB
transceiver.

The outputs of internal voltage regulators, LDO and USB_VDD33_CAP, require 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). Figure 6-8 shows the power distribution of the
NuMicro® NUC123 series.

r e — — — il [ ___________ I
| | I |
: : | USB —+c{uss D+
| 10-bit | | Transceiver —1] USB_D-
AVpp [P ADC I I |
| | NUC123 | A |
| [ Distribution | | 1 1uE
: Low Brown- : | | S
i | Voltage out | : 5V to 3.3V LDO !
I Reset Detector | | | 4:—E USB_VBUS
| |
Lo _________ : S
Didital 22.1184 MHz 10 kHz
SRAM FLASH L(? ic HIRC LIRC
9 Oscillator Oscillator
1 J J 1 LDO_CAP
1.8V l 1uF
-
PLL POR18 PORso | | Voo 1018V o cel | apio

I Lo

3 8 4

E > >

Figure 6-8 NuMicro® NUC123 Power Distribution Diagram

Jul. 6, 2016 Page 39 of 99 Rev.2.03



NUVOTON NUC123
—

6.2.5 System Memory Map

The NuMicro® NUC123 series provides 4G-byte addressing space. The memory locations
assigned to each on-chip controllers are shown in the Table 6-5. The detailed register definition,
memory space, and programming detailed will be described in the following sections for each on-
chip peripherals. The NuMicro® NUC123 Series only supports little-endian data format.

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0000_FFFF FLASH_BA FLASH Memory Space (64KB)

0x2000_0000 — 0x2000_4FFF SRAM_BA SRAM Memory Space (20KB)

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_CO000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers

APB1 Controllers Space (0x4000_0000 ~ 0x400F_FFFF)

0x4000_4000 — 0x4000_7FFF WDT_BA Watchdog/Window Watchdog Timer Control Registers
0x4001_0000 — 0x4001_3FFF TMRO1_BA Timer0/Timerl Control Registers

0x4002_0000 — 0x4002_3FFF 12C0_BA I°CO Interface Control Registers

0x4003_0000 — 0x4003_3FFF SPI0_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)

0x4010_0000 — 0x4010_3FFF PS2_BA PS/2 Interface Control Registers

0x4011_0000 — 0x4011_3FFF TMR23_BA Timer2/Timer3 Control Registers

0x4012_0000 — 0x4012_3FFF 12C1_BA I’C1 Interface Control Registers

0x4013_0000 — 0x4013_3FFF SPI2_BA SPI2 with master/slave function Control Registers
0x4015_0000 — 0x4015_3FFF UART1_BA UARTL1 Control Registers

0x401A_0000 — 0x401A_3FFF 12S_BA IS Interface Control Registers

System Controllers Space (OxEO00_EO00 ~ OxE000_EFFF)

0xEO000_E010 — OXEOO0O_EOFF SCS_BA System Timer Control Registers
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6.3.2 System Clock and SysTick Clock

The system clock has 5 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 6-11.

HIRC (22.1184 MHz) 111
e Ty

LIRC (10 KH
LRC(10KHz) 414 CPUCLK —»{ cPu |
PLLFOUT
010 | 1/(HCLK_N+1) HCLK H AHB ‘
+
172 001 ’—>Q =
HXT (4724 MHz) 000

v
% CPU in Power Down Mode ‘1/(APBDIV+1)H PCLK }—»{ APB \
HCLK_S (CLKSELO[2:0])

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

Figure 6-11 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 6-12.

HIRC (22.1184 MHz) -
HRC 2Tt M [
HCLK
STCLK
HXT (4724 MHz) 000

LA

STCLK_S (CLKSELO[5:3])

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

Figure 6-12 SysTick Clock Control Block Diagram

6.3.3 Peripherals Clock

The peripherals clock had different clock source switch setting depending on different peripherals.
Please refer to the CLKSEL1 and CLKSEL2 register description in g&zR! $R AR SNSRI - .

6.3.4 Power-down Mode Clock

When chip enters into Power-down mode, system clocks, some clock sources, and some

peripheral clocks will be disabled. Some clock sources and peripherals clock are still active in
Power-down mode.

The clocks kept active are listed below:

® Clock Generator

- Internal 10 kHz low speed oscillator clock
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6.14 Serial Peripheral Interface (SPI)
6.14.1 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. This NuMicro® NUC123 series contains up to three 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.

This controller supports variable serial clock function for special application and it also supports 2-
bit Transfer mode. The controller also supports PDMA function to access the data buffer and also
supports Dual I/O transfer mode.

6.14.2 Features

Up to three 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 transfer word from 8 to 32-bit
Provide separate 8-layer depth transmit and receive FIFO buffers
Supports MSB first or LSB first transfer sequence

Up to two slave select lines in Master mode

Supports Byte Reorder function

Supports configurable suspend interval in Master mode
Variable output serial clock frequency in Master mode

Supports PDMA transfer

Supports 3-Wire, no slave select signal, bi-direction interface
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7 ELECTRICAL CHARACTERISTICS (NUC123XXXANX)

7.1 Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vob — Vss DC Power Supply -0.3 +7.0 \Y
Vin Input Voltage Vss-0.3 Vpp + 0.3 \%

1tcieL Oscillator Frequency 4 24 MHz
Ta Operating Temperature -40 +85 °C
Tst Storage Temperature -55 +150 C
lop Maximum Current into Vpp - 120 mA
Iss 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

o Maximum Current sunk by total I/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 affect the lift and reliability of
the device.

Jul. 6, 2016 Page 66 of 99 Rev.2.03



NUVOTON NUC123
—

SPECIFICATIONS
PARAMETER SYM TEST CONDITIONS
MIN TYP MAX UNIT

at 4 MHz Voo = 5V at 4 MHz,

Ipp1o 3 mA  |All IP and PLL Disabled,
XTAL = 4 MHz

Vpp = 3V at 4 MHz,

Ipp11 4 mA  [All IP Enabled and PLL Disabled, XTAL =
4 MHz

Vpp = 3V at 4 MHz,

Iop12 2 MA  |All IP and PLL Disabled,
XTAL = 4 MHz

Vpp = 5.5V at 72 MHz,

lipLeL 29 mA (Al IP and PLL Enabled,
XTAL =12 MHz

Vpp= 5.5V at 72 MHz,

lioLe2 14 mMA  [All IP Disabled and PLL Enabled, XTAL =

Operating current 12 MHz

Idle mode

at 72 MHz Vpp = 3V at 72 MHz,

lioLes 28 mA  |All IP and PLL Enabled,
XTAL = 12 MHz

Vpp = 3V at 72 MHz,

lioLea 13 mA  [All IP Disabled and PLL Enabled,
XTAL=12 MHz

Vpp = 5.5V at 12 MHz,

lioLes 6 mA  [All IP Enabled and PLL Disabled, XTAL =
12 MHz

Vpp = 5.5V at 12 MHz,

) libLes 3 MA  |All IP and PLL Disabled,
Operating current XTAL = 12 MHz

Idle mode
at 12 MHz

Vpp = 3V at 12 MHz,

lioLe 5 mA  [All IP Enabled and PLL Disabled, XTAL =
12 MHz

Vpp =3V at 12 MHz,

lipLes 2 mA  |All IP and PLL Disabled,
XTAL =12 MHz

Vpp =5V at 4 MHz,

lioLes 3 mA  [All IP Enabled and PLL Disabled, XTAL =
4 MHz

Vpp = 5V at 4 MHz,

. lipLE10 2 MA  |All IP and PLL Disabled,
Operating current XTAL = 4 MHz

Idle mode
at 4 MHz

Vpp = 3V at 4 MHz,

lioLen 2 mA  [All IP Enabled and PLL Disabled, XTAL =
4 MHz

Vpp = 3V at 4 MHz,

lipLe12 1 mA  |All IP and PLL Disabled,
XTAL =4 MHz
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SPECIFICATIONS
PARAMETER SYM TEST CONDITIONS
MIN TYP MAX UNIT
Isr11 -300 -370 -450 pA  |Vop =4.5V, Vs =2.4V
Source Current PA, PB, PC, PD, _ —
PE, PF (Quasi-bidirectional Mode) Israz -50 -70 -90 WA Voo = 2.7V, Vs = 2.2V
ISRlZ -40 -60 -80 ]J.A VDD = 25V, Vs =2.0v
Isr21 -20 -24 -28 mA  |Vpp = 4.5V, Vs = 2.4V
Source Current PA, PB, PC, PD, _ _
PE| PF (PUSh-pU” Mode) ISR22 -4 -6 -8 mA VDD = 2.7V, Vs =2.2V
Isr22 -3 -5 -7 mA  |Vpp = 2.5V, Vs = 2.0V
Isk1 10 16 20 mA  |Vop = 4.5V, Vs = 0.45V
Sink Current PA, PB, PC, PD, PE,
PF (Quasi-bidirectional and Push- Isk1 7 10 13 mA  |Vpp = 2.7V, Vs = 0.45V
pull Mode)
Isk1 6 9 12 mA  |Vop = 2.5V, Vs = 0.45V
Brown-out voltage with
BOV_VL [1:0] 00b Veozo | 21| 22 23 4V
Brown-out voltage with
BOV_VL [1:0] =01b Veoo7 | 26 | 27 | 28 v
Brown-out voltage with
BOV_ VL [1:0] =10b Veo3s 3.7 3.8 3.9 \%
Brown-out voltage with
BOV_VL [1:0] =11b Veoss | 44 | 45 | 46 v
Hysteresis range of BOD voltage Ven 30 - 150 mV  [Vpp = 2.5V - 5.5V
Notes:

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

3. Pins of PA, PB, PC, PD and PE can source a transition current when they are being externally driven from 1 to 0. In the
condition of Vpp=5.5 V, 5he transition current reaches its maximum value when Vy approximates to 2V.
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8 ELECTRICAL CHARACTERISTICS (NUC123XXXAEX)

8.1 Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vob — Vss DC Power Supply -0.3 +7.0 \Y
Vin Input Voltage Vss-0.3 Vpp + 0.3 \%

1tcieL Oscillator Frequency 4 24 MHz
Ta Operating Temperature -40 +105 °C
Tst Storage Temperature -55 +150 C
lop Maximum Current into Vpp - 120 mA
Iss 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

o Maximum Current sunk by total I/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 affect the lift and reliability of

the device.
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SPECIFICATIONS
PARAMETER SYM TEST CONDITIONS
MIN TYP MAX UNIT
Isr11 -300 -370 -450 pA  |Vop =4.5V, Vs =2.4V
Source Current PA, PB, PC, PD, _ _
PE, PF (Quasi-bidirectional Mode) Isri2 -50 -70 -90 wA Voo =2.7V, Vs = 2.2V
ISRlZ -40 -60 -80 ]J.A VDD = 25V, Vs =2.0v
Isr21 -24 -28 -32 mA  |Vpp = 4.5V, Vs = 2.4V
Source Current PA, PB, PC, PD, _ _
PE| PF (PUSh-pU” Mode) ISR22 -4 -6 -8 mA VDD = 2.7V, Vs =2.2V
Isr22 -3 -5 -7 mA  |Vpp = 2.5V, Vs = 2.0V
Isk1 10 16 20 mA  |Vop = 4.5V, Vs = 0.45V
Sink Current PA, PB, PC, PD, PE,
PF (Quasi-bidirectional and Push- Isk1 7 10 13 mA  |Vpp = 2.7V, Vs = 0.45V
pull Mode)
Isk1 6 9 12 mA  |Vop = 2.5V, Vs = 0.45V
Brown-out voltage with
BOV_VL [1:0] =00b Veozz | 2.1 22 23 v
Brown-out voltage with
BOV_VL [1:0] =01b VBo2.7 2.6 2.7 2.8 \%
Brown-out voltage with
BOV_ VL [1:0] =10b Veo3s 3.5 3.7 3.9 \%
Brown-out voltage with
BOV_VL [1:0] =11b Veoss | 4.2 | 44 | 46 v
Hysteresis range of BOD voltage Ven 30 - 150 mV  [Vpp = 2.5V - 5.5V
Notes:

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

3. Pins of PA, PB, PC, PD and PE can source a transition current when they are being externally driven from 1 to 0. In the
condition of Vpp=5.5 V, 5he transition current reaches its maximum value when Vy approximates to 2V.
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8.3.3 Internal 22.1184 MHz High Speed Oscillator

PARAMETER CONDITIONS MIN TYP MAX UNIT
Supply voltage™ - 25 - 5.5 \Y
Center Frequency - - 22.1184 - MHz
+25C; Vop =5V -1 - +1 %
Calibrated Internal Oscillator Frequency -40°C~+105C:
-3 - +3 %
Vpp=2.5V~5.5V
Operation Current Vpp =5V - 500 - UuA

8.3.4 Internal 10 kHz Low Speed Oscillator

PARAMETER CONDITIONS MIN TYP MAX UNIT
Supply voltage™ - 25 - 55 Y,
Center Frequency - - 10 - kHz
+25C; Vop =5V -30 - +30 %
Calibrated Internal Oscillator Frequency -40°C~+105°C:
-50 - +50 %
Vpp=2.5V~5.5V

Note: Internal operation voltage comes from LDO.
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Cop External Bypass Capacitor 1.0 - uF
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8.5 Flash DC Electrical Characteristics

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Voo Supply Voltage 1.62 1.8 1.98 vt
Nenour Endurance 20000 cycles®
Trer Data Retention At 25°C 100 year
Terase Page Erase Time 20 ms
Tver Mass Erase Time 40 ms
Trroc Program Time 35 us
loo1 Read Current - TBD mA/MHz
Ibp2 Program/Erase Current 7 mA
lpp Power Down Current - 1 20 uA

Notel: Vpp is source from chip LDO output voltage.
Note2: Number of program/erase cycles.

Note3: This table is guaranteed by design, not test in production.
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8.6 SPI Dynamic Characteristics

NUC123

SYMBOL PARAMETER MIN TYP MAX UNIT
SPI Master mode (Vpp = 4.5V ~ 5.5V, 30pF loading Capacitor)
tos Data setup time 4 2 - ns
ton Data hold time 0 - - ns
tv Data output valid time - 7 11 ns
SPI Master mode (Vpp = 3.0V ~ 3.6V, 30pF loading Capacitor)
tos Data setup time 5 3 - ns
ton Data hold time 0 - - ns
tv Data output valid time - 13 18 ns
SPI Slave mode (Vpp = 4.5V ~ 5.5V, 30pF loading Capacitor)
tos Data setup time 0 - - ns
ton Data hold time 2*PCLK+4 - - ns
tv Data output valid time - 2*PCLK+11 2*PCLK+19 ns
SPI Slave mode (Vpp = 3.0V ~ 3.6V, 30pF loading Capacitor)
tos Data setup time 0 - - ns
ton Data hold time 2*PCLK+6 - - ns
tv Data output valid time - 2*PCLK+19 2*PCLK+25 ns
CLKP=0 I \ I \ I
SPICLK
CLKP=1 / \ / \
iy
MOsI >< Data Valid Data Valid ><
CLKP=0, TX_NEG=1, RX_NEG=0
%tDS*F*tDH—»* OCrLKP=1, TX_NEG=0, RX_NEG=1
MISO X Data Valid Data Valid
Y
MOSI Data Valid >< Data Valid ><
CLKP=0, TX_NEG=0, RX_NEG=1
tos a1 grLKle, TX_NEG=1, RX_NEG=0
MISO Data Valid Data Valid ><
Figure 8-2 SPI Master Dynamic Characteristics timing
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