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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.
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Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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– Full duplex synchronous serial data transfer 
– Variable length of transfer data from 1 to 32 bits 
– MSB or LSB first data transfer 
– Rx and Tx on both rising or falling edge of serial clock independently 
– 2 slave/device select lines when it is as the master, and 1 slave/device select line 

when it is as the slave 
– Support byte suspend mode in 32-bit transmission 
– Support PDMA mode 

• I2C 

– Up to two sets of I2C device 
– 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 allows devices with different bit rates to communicate via 

one serial bus 
– Serial clock synchronization can be used as a handshake mechanism to suspend and 

resume serial transfer 
– Programmable clocks allow versatile rate control 
– Support multiple address recognition (four slave address with mask option) 

• I2S 

– Interface with external audio CODEC 
– Operate as either master or slave mode 
– Capable of handling 8-, 16-, 24- and 32-bit word sizes 
– Mono and stereo audio data supported 
– I2S and MSB justified data format supported 
– Two 8 word FIFO data buffers are provided, one for transmit and one for receive 
– Generates interrupt requests when buffer levels cross a programmable boundary 
– Support two DMA requests, one for transmit and one for receive 

• 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 

• USB 2.0 Full-Speed Device 

– One set of USB 2.0 FS Device 12Mbps 
– On-chip USB Transceiver 
– Provide 1 interrupt source with 4 interrupt events 
– Support Control, Bulk In/Out, Interrupt and Isochronous transfers 
– Auto suspend function when no bus signaling for 3 ms 
– Provide 6 programmable endpoints 
– Include 512 Bytes internal SRAM as USB buffer 
– Provide remote wake-up capability 

• EBI (External bus interface) support (NuMicro™ NUC100/NUC120 Low Density 64-pin 
Package Only) 

– Accessible space: 64KB in 8-bit mode or 128KB in 16-bit mode 
– Support 8-/16-bit data width 
– Support byte write in 16-bit data width mode 
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3.2 Pin Configuration 

3.2.1 NuMicro™ NUC120 Medium Density Pin Diagram 
3.2.1.1 NuMicro™ NUC120 Medium Density LQFP 100 pin 
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Figure 3-2 NuMicro™ NUC120 Medium Density LQFP 100-pin Pin Diagram 
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3.2.1.3 NuMicro™ NUC120 Medium Density LQFP 48 pin 
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Figure 3-4 NuMicro™ NUC120 Medium Density LQFP 48-pin Pin Diagram 
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3.2.2 NuMicro™ NUC120 Low Density Pin Diagram 
3.2.2.1 NuMicro™ NUC120 Low Density LQFP 64 pin 
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Address Space Token Controllers 

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 I2C1_BA I2C1 Interface Control Registers 

0x4013_0000 – 0x4013_3FFF SPI2_BA 
ster/slave function Control Registers 

(NuMicro™ NUC100/NUC120 Medium Density Only) 

SPI2 with ma

0x4013_4000 – 0x4013_7FFF SPI3_BA 
SPI3 with master/slave function Control Registers 

um Density Only) (NuMicro™ NUC100/NUC120 Medi

0x4014_0000 – 0x4014_3FFF PWMB_BA 
PWM4/5/6/7 Control Registers 

(NuMicro™ NUC100/NUC120 Medium Density Only) 

0x4015_0000 – 0x4015_3FFF UART1_BA UART1 Control Registers 

0x4015_4000 – 0x4015_7FFF UART2_BA 
0 Medium Density Only) 

UART2 Control Registers 

(NuMicro™ NUC100/NUC12

0x401A_0000 – 0x401A_3FFF I2S_BA I2S Interface Control Registers 

System Controllers Space (0xE000_E000 ~ 0xE000_EFFF) 

0xE000_E010 – 0xE000_E0FF SCS_BA System Timer Control Registers 

0xE000_E100 – 0xE000_ECFF SCS_BA External Interrupt Controller Control Registers 

0xE000_ED00 – 0xE000_ED8F SCS_BA System Control Registers 

Table 5-1 Address Space As

 

signments for On-Chip Controllers 
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rity “0” is treated as the fourth priority on 
“NMI” and “Hard Fault”. 

 

 

5.2.6.1 Exception Model and System Interrupt Map 

Table 5-2 lists the exception model supported by NuMicro™ NUC100 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 prio
the system, after three system exceptions “Reset”, 

Exception Name Vector Number Priority 

Reset 1 -3 

NMI 2 -2 

Hard Fault 3 -1 

Reserved 4 ~ 10 Reserved 

SVCall 11 Configurable 

Reserved 12 ~ 13 Reserved 

PendSV 14 Configurable 

SysTick 15 Configurable 

Interrupt (IRQ0 ~ IRQ31) 16 ~ 47 Configurable 

Table 5-2 Exception Model 

 

Vector 
Number 

Interrupt 
Number 

(Bit in Interrupt 
Registers) 

Interrupt 
Name Source IP Interrupt description 

0 ~ 15 - - - System exceptions 

16 0 BOD_OUT Brown-Out Brown-Out low voltage detected interrupt 

17 1 WDT_INT WDT Watchdog Timer interrupt 

18 2 EINT0 GPIO External signal interrupt from PB.14 pin 

19 3 EINT1 GPIO External signal interrupt from PB.15 pin 

20 4 GPAB_INT GPIO External signal interrupt from PA[15:0]/PB[13:0] 

21 5 GPCDE_INT GPIO External interrupt from PC[15:0]/PD[15:0]/PE[15:0]

22 6 PWMA_INT PWM0~3 PWM0, PWM1, PWM2 and PWM3 interrupt 

23 7 PWMB_INT PWM4~7 PWM4, PWM5, PWM6 and PWM7 interrupt 

24 8 TMR0_INT TMR0 Timer 0 interrupt 

25 9 TMR1_INT TMR1 Timer 1 interrupt 
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ysTick Clock 
ock generator block. The 

 (CLKSEL0[2:0]). The block diagram is 

5.3.3 System Clock and S
The system clock has 5 clock sources which were generated from cl
clock source switch depends on the register HCLK_S
showed in Figure 5-5. 
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Figure 5-5 System Clock Block Diagram 

The clock source of SysTick in Cortex-M0 core can use CPU clock or external clock 
(SYST_CSR[2]). If using external clock, the SysTick clock (STCLK) has 5 clock sources. The 
clock source switch depends on the setting of the register STCLK_S (CLKSEL0[5:3]). The block 
diagram is showed in Figure 5-6. 

 

Fig m ure 5-6 SysTick Clock Control Block Diagra
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 (Master/Slave) (I2C) 

aster and a Slave synchronously to SCL on the SDA line on a 

CL. A transition on the SDA 

 

5.6 I2C Serial Interface Controller

5.6.1 Overview 
I2C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data 
exchange between devices. The I2C 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. 

Data is transferred between a M
byte-by-byte basis. Each data byte is 8-bit long. There is one SCL clock pulse for each data bit 
with the MSB being transmitted first. An acknowledge bit follows each transferred byte. Each bit is 
sampled during the high period of SCL; therefore, the SDA line may be changed only during the 
low period of SCL and must be held stable during the high period of S
line while SCL is high is interpreted as a command (START or STOP). Please refer to the Figure 
5-9 for more detail I2C BUS Timing. 

Figure 5-9 I2C Bus Timing 

 

ce that meets the I2C bus standard mode 
omously. To enable this port, the bit ENS1 

in I2CON should be set to '1'. The I2C H/W interfaces to the I2C bus via two pins: SDA  and SCL. 
Pull up resistor is needed for I2C operation as these are open drain pins. When the I/O pins are 
used as I2C port, user must set the pins function to I2C in advance. 

The device’s on-chip I2C logic provides the serial interfa
specification. The I2C port handles byte transfers auton



NuMicro™ NUC120 Data Sheet 

Publication Release Date: Jan.  2, 2012 
- 50 - Revision V2.03 

System clock = Internal 22.1184 MHz high speed oscillator 

Mode0 Mode1 Mode2 
Baud rate 

Parameter Register Parameter Register Parameter Register 

921600 x x A=0,B=11 0x2B00_0000 A=22 0x3000_0016

460800 A=1 0x0000_0001 A=2,B=11 0x2B00
A=1,B=15 0x2F00_0001

_0002
A=46 0x3000_002E

230400 A=4 0x0000_0004 A=
A=

4,B=15
6,B=11

0x2F00_0004
0x2B00_0006

A=94 0x3000_005E

115200 A=10 0x0000_000A A=10,B=15
A=14,B=11

0x2F00_000A
0x2B00_000E

A=190 0x3000_00BE

57600 A=22 0x0000_0016 A=22,B=15 0x2F00_0016 A=382 0x30A=30,B=11 0x2B00_001E
00_017E

38400 A=34 0x0000_0022
A=62,B=8

A=46,B=11
A=34,B=15

0x2800_003E 
0x2B00_002E 
0x2F00_0022

A=574 0x3000_023E

19200 A=70 0x0000_0046
A=126,B=8
A=94,B=11
A=70,B=15

0x2800_007E 
0x2B00_005E 
0x2F00_0046

A=1150 0x3000_047E

9600 A=142 0x0000_008E
A=254,B=8
A=190,B=11
A=142,B=15

0x2800_00FE
0x2B00_00BE
0x2F00_008E

A=2302 0x3000_08FE

4800 A=286 0x0000_011E
A=510,B=8
A=382,B=11
A=286,B=15

0x2800_01FE
0x2B00_017E
0x2F00_011E

A=4606 0x3000_11FE

Table 5-7 UART Baud Rate Setting Table 

The UART0 and UART1 controllers support auto-flow control function that uses two low-level 
signals, /CTS (clear-to-send) and /RTS (request-to-send), to control the flow of data transfer 
between the UART and external devices (ex: Modem). When auto-flow is enabled, the UART is 
not allowed to receive data until the UART asserts /RTS to external device. When the number of 
bytes in the RX FIFO equals the value of RTS_TRI_LEV (UA_FCR [19:16]), the /RTS is de-
asserted. The UART sends data out when UART controller detects /CTS is asserted from external 
evice. If a valid asserted /CTS is not detected the UART controller will not send data out. 

RT controllers also provides Serial IrDA (SIR, Serial Infrared) function (User must set 
Ir  ( E ble ct n defines a short-range 
infrared asynchronous serial transmission mode with one start bit, 8 data bits, and 1 stop bit. The 
maximum data rate is 115.2 Kbps (half duplex). he an IrDA SIR 
Protocol encoder/decoder. The IrDA SIR protocol ha d 
receive data at the same time. The IrDA SIR phys l er 
delay between n and rece  del fe  software. 
For NuMicro™ NUC100/NUC120 Low Density, another alternate function of UART controllers is 
RS-485 9-bit mode functio TS pin or can program GPIO 
(PB.2 for RTS0 and PB.6 for RTS1)  to implement the function by software. The RS-485 mode is 
selected by setting the UA_FUN_SEL register to select RS-485 function. The RS-485 driver 
control is implemented using the RTS control signal from an asynchronous serial port to enable 
the RS-485 driver. In RS-485 mode, many characteristics of the RX and TX are same as UART. 

d
The UA

DA_EN UA_FUN_S L [1]) to ena  IrDA fun ion). The SIR specificatio

 T  IrDA SIR block contains 
is 
ica

lf-duplex only. So it cannot transmit an
layer specifies a minimum 10ms transf

 transmissio ption. This ay ature must be implemented by

n, and direction control provided by R
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5.14

ing 8-, 16-, 24- and 32-bit word sizes 

 Mono and stereo audio data supported 
2 d MSB justified data format supported 

it and one for receive 

n buffer levels cross a programmable boundary 

 

5.14 I2S Controller (I2S) 

5.14.1 Overview 
The I2S controller consists of IIS protocol to interface with external audio CODEC. Two 8 word 
deep FIFO for read path and write path respectively and is capable of handling 8 ~ 32 bit word 
sizes. DMA controller handles the data movement between FIFO and memory. 

.2 Features 
 I2S can operate as either master or slave 

 Capable of handl

 I S an

 Two 8 word FIFO data buffers are provided, one for transm

 Generates interrupt requests whe

 Two DMA requests, one for transmit and one for receive 
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dium Density DC Electrical Characteristics 
(VDD-VSS=3.3 V, TA C = 50 MHz unless ot

 

7.2 DC Electrical Characteristics 

7.2.1 NuMicro™ NUC100/NUC120 Me
 = 25°C, FOS herwise specified.) 

SPEC I N IF CATIO
PARAMETER SYM.

MIN. TYP. MAX. UNIT
TEST CONDITIONS 

Operation voltage VDD 2.5  5 V V 2.5 V ~ 5. p to 505. DD = 5 V u  MHz 

Power Ground 
VSS 

AVSS
-0.3   V  

LDO Output Voltage VLDO -10% 2.5 +10% V V  > 2.7 V DD

Analog Operating Voltage AVDD 0  VDD V  

Analog Reference Voltage Vref 0  AVDD V  

IDD1  54  mA enable all IP and PLL, XTAL=12 
MHz 

VDD = 5.5 V@50 MHz, 

IDD2  31  mA
VDD = 5.5 V@ 50 MHz, 

disable all IP and enable PLL, 
XTAL=12 MHz 

IDD3  51  mA
VDD = 3 V@50 MHz, 

enable all IP and PLL, XTAL=12 
MHz 

Operating Current 

Normal Run Mode 

@ 50 MHz 

IDD4  28  mA
VDD = 3 V@50 MHz, 

disable all IP and enable PLL, 
XTAL=12 MHz 

IDD5  22  mA
VDD = 5.5 V@12 MHz, 

enable all IP and disable PLL, 
XTAL=12 MHz 

IDD6  14  mA
VDD = 5.5 V@12 MHz, 

disable all IP and disable PLL, 
XTAL=12 MHz 

Operating Current 

Normal Run Mode 

@ 12 MHz 

IDD7  20  mA
VDD = 3 V@12MHz, 

enable all IP and disable PLL, 
XTAL=12 MHz 
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Note: 

1. /RESET pin is a Schmitt trigger input. 

2. Crystal Input is a CMOS input. 

E ca rc tion rren y  b ing externally driven from 1 to 0. In the 
sition n its m im h IN ximates to 2 V. 

3. Pins of PA, PB, PC, PD and P
condition of VDD=5.5 V, 5he tran

n sou
 curre

e a transi
t reaches 

cu
ax

t when the
um value w

 are
en V

e
 appro
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SPECIFICATION 
PARAMETER SYM.

MIN. TYP. MAX. UNIT
TEST CONDITIONS 

I   mA
VDD = 3 V@12 MHz, 

disable a , 
XTAL=

DD8 11.5  ll IP and disable PLL
12 MHz 

IDD9  13.5 m
VDD = 5 V@4 MHz, 

XTAL=4 MHz 
 A enable all IP and disable PLL, 

IDD10  10  mA
DD = 5 V@4 MHz, 

disable all IP and disable PLL, 
XTAL=4 MHz 

V

IDD11  12  mA
 MHz, 

enable all IP and disable PLL, 
TAL=4 MHz 

VDD = 3 V@4

X

Operating Current 

@ 4 MHz 

m
VDD = 3 V@4 MHz, 

isable all IP and disable PLL, 
XTAL=4 MHz 

Normal Run Mode 

IDD12  8  A d

IIDLE1  30  mA
VDD= 5.5 V@50 MHz, 

enable all IP and PLL, XTAL=12 
MHz 

IIDLE2  13  mA
VDD=5.5 V@50 MHz, 

disable all IP and enable PLL, 
XTAL=12 MHz 

IIDLE3  28  mA
VDD = 3 V@50 MHz, 

enable all IP and PLL, XTAL=12 
MHz 

Operating Current 

Idle Mode 

@ 50 MHz 

IIDLE4  12  mA
VDD = 3 V@50 MHz, 

disable all IP and enable PLL, 
XTAL=12 MHz 

IIDLE5  11  mA
VDD = 5.5 V@12 MHz, 

enable all IP and disable PLL, 
XTAL=12 MHz 

IIDLE6  5  mA
VDD = 5.5 V@12 MHz, 

disable all IP and disable PLL, 
XTAL=12 MHz 

Operating Current 

Idle Mode 

@ 12 MHz 

IIDLE7  10  mA
VDD = 3 V@12 MHz, 

enable all IP and disable PLL, 
XTAL=12 MHz 
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SPECIFICATION 
PARAMETER SYM.

MIN. TYP. MAX. UNIT
TEST CONDITIONS 

Bandgap voltage VBG 1.20 1.26 DD = 2.5 V~5.5 V 1.32 V V

Note: 

inp

2. Crystal Input is a CMOS input. 

 PE can source a transition current w they  b y driven from 1 to 0. In the 
nsition current reaches its maximum value wh IN  to 2 V. 

 

1. /RESET pin is a Schmitt trigger ut. 

3. Pins of PA, PB, PC, PD and
condition of VDD=5.5 V, 5he tra

hen  are
en V

eing externall
 approximates
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7.2.3 Operating Current Curve (Test condition: run NOP) 
1. XTAL clock = 12 MHz, PLL disable, all-IP disable: 

Unit: mA 

 
 

2. XTAL clock = 12 MHz, PLL disable, all-IP enable 

Unit: mA 
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7.2. urrent Curve 
1. XTAL clock = 12 MHz, PLL disable, all-IP disable 

Unit: mA 

4 Idle C

 
 

2. XTAL clock = 12 MHz, PLL disable, all-IP enable 

Unit: mA 
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7.2. r Down Current Curve 
XTAL clock = 12 MHz, PLL Disable 

Unit: mA 

5 Powe
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7.4.8.1 US l Characteristi

 

7.4.8 Specification of USB PHY 
B DC Electrica cs 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

VIH Input high (driven)  2.0   V 

VIL Input    0.8 low V 

VDI t sensitivity |PADP-PADM| 0.2    Differential inpu V

VCM 
Differential  

common-mode range 
es VDI range  0  2.5 Includ .8 V 

VSE Single-ended receiver threshold  0.8  2.0 V 

 Receiver hysteresis   200  mV

VOL Output low (driven)  0  0.3 V 

VOH Output high (driven)  2.8  3.6 V 

VCRS Ou  voltage tput signal cross  1.3  2.0 V 

RPU Pull 1 1.575-up resistor   .425  kΩ

VTRM Termina Voltage for 
upst l up (RPU) 3.0  3.6 tion 

ream port pul  V 

ZDRV D ce  Steady state drive* river output resistan  10  Ω 

CIN Tra tance Pin to GND nsceiver capaci   20 pF

*Driver o eries resistor res tance. 

 

7.4.8.2 USB Full-Speed Driver Electrical Chara

utput resistance doesn’t include s is

cteristics 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

TFR Rise Time 4  20 ns CL=50p 

TFF 20 Fall Time CL=50p 4  ns 

TFRFF Rise and fall time matching 90  111.11 % TFRFF=TFR/TFF 

 

7.4.8.3 USB Power Dissipation 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Standb uAy 50 

Input mode  uA
IVDDREG 

(Full 
Speed) 

VD REG Supply 
Current (Stea

Output mode  uA

DD and VDD
dy State)   
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.5 Flash DC Electrical Characteristics 7
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Nendu Endurance  10000   cycles[1]

Tret Retention time Temp=25 ℃ 100   year

Terase 4 mPage erase time  20  0 s 

Tmass e time 40 50 mMass eras  60 s 

Tprog 40 55 us Program time  35 

Vdd e  2.25 2.5 2.75 V[2] Supply voltag

Idd1    14 mA Read current 

Idd2 Program/Erase current    7 mA 

Ipd 1Power down current    0 uA 

1. Numbe cles. 
 is source from chip L ge. 
is tab sign, not test in producti

r of program/erase cy
2. Vdd
3. Th

DO output volta
le is guaranteed by de on. 
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otprint 2.0 mm) 

0 70

1.00

0.750.60

12.00

0.45

0.039

0.0300.024

0.472

0.018

0.50

0.20

0.27

1.45

1.60

10.00

1.40

0.09

0.17

1.35

0.05

0.008

0.011

0.057

0.063

0.393

0.055

0.020

0.004

0.007

0.053

0.002

Symbol
Min Nom Max MaxNomMin

Dimension in inch Dimension in mm

A

b
c
D

e
HD

HE

L

y
0

A
A

L 1

1

2

E

0.008 0.20

 7

0.393 10.00

0.472 12.00

0.006 0.15

0.004 0.10

3.5 3.5  

 


