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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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"

Obsolete

ARM® Cortex®-M0

32-Bit Single-Core

24MHz

I2C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
30

4KB (4K x 8)

FLASH

2K x 8

2.5V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-LQFP
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3.2 PIN CONFIGURATION

3.2.1 LQFP 48-pin
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Figure 3.2-1 NuMicro Mini51™ Series LQFP 48-pin Assignment
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3.3 Pin Description

Pin Number
LOFP QFN Pin Name| Pin Type |Description
48-pin | 33-pin
1 NC Not connected
P15 I/0 Digital GPIO pin
2 1 AINS Al ADC analog input pin
CPPO Al Analog comparator Positive input pin
The Schmitt trigger input pin for hardware device reset. A
“Low” on this pin for 768 clock counter of Internal RC
o | 2 |meser | yem LIS ubzunle ne sem coris uing il eset e
power-on reset by simply connecting an external capacitor to
GND.
P3.0 I/0 Digital GPIO pin
4 3 AING Al ADC analog input pin
CPN1 Al Analog comparator negative input pin
5 AVSS AP Ground pin for analog circuit
6 4 P5.4 I/0 Digital GPIO pin
P3.1 I/0 Digital GPIO pin
7 5 AIN7 Al ADC analog input pin
CPP1 Al Analog comparator positive input pin
P3.2 I/0 Digital GPIO pin
INTO | External interrupt O input pin
° ° STADC | ADC external trigger input pin
TOEX | Timer 0 external capture/reset trigger input pin
P3.4 I/10 Digital GPIO pin
9 7 TO IO Timer 0 external event counter input pin
SDA /0 |I°C data I/O pin
P3.5 I/0 Digital GPIO pin
10 8 T1 I/0 Timer 1 external event counter input pin
SCL /0 |I”C clock /O pin
11 NC Not connected
12 NC Not connected
13 NC Not connected
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4 BLOCK DIAGRAM

4.1 NuMicro Mini51™ Block Diagram

- 10K RC OSC
CONFIG <« 22.1184M RC OSC |
ROMMAP CLK_CTL -t 32.768K XTAL
ISP 2KB - 4~24M XTAL
A A
AHB
LDO
<< > 2.5 ~ 5.5V
v y \ 4
BOD
Flash Control SRAM APB- GPIO
2KB Bridge PO~P5 CRV
AP ROM
16KB A
8KB .1 2ch
- > i > »
4KB Watch Dog Timer [€ < r[ Comparator < > Comparator
Configurable " < >
Data FLASH Timer 0/1 ABC 8d¢/Dl((:Jbit
(Share with SARADC
AP ROM) 12C UART 150K SPS
SPI PWM 0~5
PAD Control
v

Figure 4.1-1 NuMicro Mini51™ Series Block Diagram
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5.1.2 System Memory Map
The memory locations assigned to each on-chip controllers are shown in the following table.

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0000_3FFF |FLASH_BA Flash Memory Space (16 KB)

0x2000_0000 — 0x2000_07FF |SRAM_BA SRAM Memory Space (2 KB)

AHB Controllers Space (0x5000_0000 — 0x501F_FFFF)

0x5000_0000 — 0x5000_01FF |GCR_BA 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 |GP_BA GPIO Control Registers
0x5000_CO000 — 0x5000_FFFF |FMC_BA Flash Memory Control Registers

APB1 Controllers Space (0x4000_0000 — 0x401F_FFFF)

0x4000_4000 — 0x4000_7FFF (WDT_BA Watchdog Timer Control Registers
0x4001_0000 — 0x4001_3FFF |TMR_BA TimerO/Timerl Control Registers
0x4002_0000 — 0x4002_3FFF |I2C_BA I°C Interface Control Registers
0x4003_0000 — 0x4003_3FFF |SPI_BA SPI Control Registers
0x4004_0000 — 0x4004_3FFF |PWM_BA PWM Control Registers

0x4005_0000 — 0x4005_3FFF |UART_BA UART Control Registers

0x400D_0000 — 0x400D_3FFF |CMP_BA Analog Comparator Control Registers

0x400E_0000 — 0x400E_3FFF [ADC_BA Analog-Digital-Converter (ADC) Control Registers

System Controllers Space (0xEO00_E000 — 0xEOQ00_EFFF)

OxXE000_EO010 — OXEOOO_EOFF |SCS_BA System Timer Control Registers
OxXEO000_E100 — OXEOOO_ECFF |[SCS_BA Nested Vectored Interrupt Control Registers
0xEO000_EDOO — OXEO0O_ED8F|SCB_BA System Control Block Registers

Table 5.1-1 Address Space Assignments for On-Chip Modules
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Fault”.
Exception Name Exception Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
SVCall 11 Configurable
Reserved 12 ~13 Reserved
PendSVv 14 Configurable
SysTick 15 Configurable
Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable
Table 5.2-1 Exception Model
. IRQ Number .
2P (Bit in Interrupt STELpeT Source IP Exception Description POTET ST
Number . Name Wake-up
Registers)
1~15 - - - System exceptions -
16 0 BOD_OUT | Brown-out Brown-out low voltage detected Yes
interrupt
17 1 WDT_INT WDT Watchdog Timer interrupt Yes
18 2 EINTO GPIO FE)i>:]ternal signal interrupt from P3.2 Yes
19 3 EINT1 GPIO FIfi):]ternal signal interrupt from P5.2 Yes
External signal interrupt from
20 4 GPO/1L_INT GPIO GPIO group PO~P1 Yes
External signal interrupt from
21 > GP2/3/4_INT GPIO GPIO group P2~P4 except P3.2 ves
22 6 PWM_INT PWM PWM interrupt No
23 7 BRAKE_INT PWM PWM interrupt No
24 8 TMRO_INT TMRO  |Timer O interrupt Yes
25 9 TMRL_INT TMR1 |Timer 1 interrupt Yes
26 ~ 27 10~11 - - -
28 12 UART_INT UART UART interrupt Yes
29 13 - - -
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5.4 Clock Controller

5.4.1 Overview

The clock controller generates the clocks for the whole chip, including system clocks and all
peripheral clocks. The clock controller also implements the power control function with the
individually clock ON/OFF control, clock source selection and a 4-bit clock divider. The chip will
not enter Power-down mode until CPU sets the power-down enable bit (PWR_DOWN_EN) and
Cortex-MO core executes the WFI instruction. After that, the chip enters Power-down mode and
wait for wake-up interrupt source triggered to leave Power-down mode. In Power-down mode, the
clock controller turns off the external crystal and internal 22.1184 MHz oscillator to reduce the
overall system power consumption.

5.4.2 Clock Generator
The clock generator consists of 3 sources which are listed below:

® One external 12 MHz (HXT) or 32 KHz (LXT) crystal
® Oneinternal 22.1184 MHz RC oscillator (HIRC)
® Oneinternal 10 KHz oscillator (LIRC)

XTLCLK_EN(PWRCON[1:0])

XT_IN
XTL12M | 12 MHz or 32 KHz 12MHzor32KHz
= Or o
L& 32KHz

XT_OUuT

0SC22M_EN(PWRCON[2])

J

22.1184 MHz 21184 MHz
0SC22Mm -
0SC10K_EN(PWRCON(3])
10 KHz 10KHz

0SC10K

Figure 5.4-1 Clock Generator Block Diagram
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5.4.3 System Clock and SysTick Clock

The system clock has 3 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 below.

HCLK_S (CLKSEL0[2:0])

22.1184M
»| 111 CPUCLK CPU
10K
— el 011
Reserved >
—_— o
e * (HCLK N+ el ae |
Reserved __| 101 PWD_DOWN_EN (PWRCON([7])
————————————»(
HCLK_N (CLKDIV[3:0
12Mor 32K | 0o ( [3:0) PCLK APB

Figure 5.4-2 System Clock Block Diagram

The clock source of SysTick in Cortex-MO core can use CPU clock or external clock
(SYST_CSR[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 g$&z2! $FH ARSI SRR © .

STCLK_S (CLKSELO[5:3])

HCLK o1
II'—> STCLK
E——

[ #2 |—»010
12M or 32K

————— > 000

12M or 32K
—

Figure 5.4-3 SysTick Clock Control Block Diagram
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5.4.5 Peripheral Clock Source Selection

The peripheral clock has different clock source switch settings depending on different peripherals.
Please refer to the CLKSEL1 and APBCLK register description in section $&:R! AT EZK

TR o

PCLK >
WDT_EN (APBCLK(0]) Watch Dog Timer

TMRO_EN (APBCLK[2]) j—'
TMR1_EN (APBCLKI3]) j—’

FDIV_EN (APBCLK][6]) j—’ Frequency Divider

12C_EN (APBCLK[8]) : } —
SPI_EN (APBCLK[12]) :
UART_EN (APBCLK16]) :
PWMO1_EN (APBCLK[20]) :
PWM23_EN (APBCLK[21]) :
PWM45_EN (APBCLK[22]) :

ADC_EN (APBCLK[28]) ADC

CMP_EN (APBCLK[30]) ACMP

Figure 5.4-5 Peripherals Clock Source Selection for PCLK
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5.5 Comparator Controller (CMPC)

5.5.1 Overview

The NuMicro Mini51™ Series contains two comparators which can be used in a number of
different configurations. The comparator output is a logical one when positive input is greater than
negative input; otherwise, the output is zero. Each comparator can be configured to cause an
interrupt when the comparator output value changes. The block diagram is shown in $&:R! $# A2

SR -

Note that the analog input port pins must be configured as the input type before Analog
Comparator function is enabled.

5.5.2 Features
®  Analog input voltage range: 0 ~ 5.0V

®  Hysteresis function support
®  Two analog comparators with optional internal reference voltage input at negative end
°

One comparator interrupt requested by one of the comparators
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5.7 Flash Memory Controller (FMC)

5.7.1 Overview

The NuMicro Mini51™ series is equipped with 4K/8K/16K bytes on chip embedded Flash EPROM
for application program memory (APROM) that can be updated through ISP procedure. In System
Programming (ISP) function enables user to update program memory when chip is soldered on
PCB. After chip powered on Cortex-M0O CPU fetches code from APROM or LDROM decided by
boot select (CBS) in Config0. By the way, the NuMicro Mini51™ series also provides DATA Flash
Region, where the data flash is shared with original program memory and its start address is
configurable and defined by user in Configl. The data flash size is defined by user depending on
the application request.

5.7.2 Features
Compatible with AHB interface

Running up to 24 MHz with zero wait state for discontinuous address read access
4K/8K/16KB application program memory (APROM)

2KB in system programming (ISP) loader program memory (LDROM)

Programmable data flash start address and memory size with 512 bytes page erase unit
In System Program (ISP) to update on chip Flash EPROM
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®  Built-in 14-bit time-out counter that requests the I°C interrupt if the 1°C bus hangs up
and timer-out counter overflows

External pull-up needed for higher output pull-up speed
Programmable clocks allowing for versatile rate control

Supports 7-bit addressing mode

Supports multiple address recognition (four slave address registers with mask option)
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5.12 Timer Controller

5.12.1 Overview

The timer module includes two channels, TIMERO~TIMERZ1, which allow user to easily implement
a timer control for applications. The timer can perform functions like frequency measurement,
interval measurement, clock generation, delay timing, and so on. The timer can generate an
interrupt signal upon time-out, or provide the current value of count during operation.

5.12.2 Features
®  Two sets of 32-bit timers with 24-bit up-timer and one 8-bit pre-scale counter

Independent clock source for each channel (TMRO_CLK, TMR1_CLK)

Provides one-shot, periodic, toggle and continuous counting operation modes

Time-out period = (period of timer clock input) * (8-bit pre-scale counter + 1) * (24-bit
TCMP)

Maximum counting cycle time = (1 / T MHz) * (2%) * (2*%); T is the period of timer clock
Internal 24-bit up timer is readable through TDR (Timer Data Register)

Supports event counting function to count the event from external pin

Supports input capture function to capture or reset counter value

Feb 9, 2012 Page 44 of 68 Revision V1.03



NuMicro™ Mini51 Series Data Sheet

NnuUvoToN
L TS

5.13.2 Features
®  Full duplex, asynchronous communications

®  Separates receive/transmit 16 bytes entry FIFO for data payloads

®  Supports hardware auto flow control/flow control function (CTSn, RTSn) and
programmable RTSn flow control trigger level

Programmable receiver buffer trigger level
Supports programmable baud-rate generator for each channel individually

°

°

®  Supports CTSn wake-up function

®  Supports 7-bit receiver buffer time-out detection function
°

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
detection function

® Fully programmable serial-interface characteristics
€ Programmable number of data bit, 5, 6, 7, 8 character

€ Programmable parity bit, even, odd, no parity or stick parity bit generation and
detection

€ Programmable stop bit, 1, 1.5, or 2 stop bit generation
®  Supports IrDA SIR function mode

€  Supports 3/16-bit duration for normal mode
®  Supports RS-485 function mode

€ Supports RS-485 9-bit mode

€  Supports hardware or software RTSn control or software GPIO control to control
transfer direction
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6 ARM® CORTEX™-MO CORE

6.1 Overview

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 processors. 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. g&

I IRATREEAE - shows the functional controller of the processor.

Cortex-M0O components
Cortex-MO processor Debug
Interrupts Nested .
> Vectored Cortex-MO Breakzomt
» Interrupt €« Processor < > Watchpoint
Controller core ¢
unit
(NVIC)
vV V A A A
Wakeup v v
Interrupt Debu
Controller »| Busmatrix | »| Debugger | »| Access gorl
(WIC) yy interface (DAP)
A
v A\ 4
AHB-Lite interface Serial Wire or
JTAG debug port

Figure 6.1-1 Functional Block Diagram
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Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit
Vpp = 5.5V at 32.768 KHz,
Ipp17 116 pA
all IP Enabled
Operating current oo 113 WA Voo = 5.5V at 32.768 KHz,
Normal run mode all IP Disabled
at 32.768 KHz crystal | 112 A Vpp = 3.3V at 32.768 KHz,
i DD19
oscillator " lail 1P Enabled
Vpp = 3.3V at 32.768 KHz,
Ibp20 100 HA )
all IP Disabled
lbp21 109 pA  |Vpp = 5.5V at 10 KHz, all IP Enabled
Operating current
P g Ibp22 108 pA |Vop = 5.5V at 10 KHz, all IP Disabled
Normal run mode
at 10 KHz IRC Ibp23 100 pA  |Vpp = 3.3V at 10 KHz, all IP Enabled
Ibb24 98 pA  |Vpp = 3.3V at 10 KHz, all IP Disabled
libLEL 5.5 mA |Vpp = 5.5V at 24 MHz, all IP Enabled
Operating current -
libLE2 3.5 mA |Vpp =5.5V at 24 MHz, all IP Disabled
Idle mode
| 3.8 mA |Vpp = 3.3V at 24 MHz, all IP Enabled
at 24 MHz IDLEs eo
libLE4 1.8 mA |Vpp=3.3Vat24 MHZ, all IP Disabled
libLES 3.3 mA |Vpp = 5.5V at 12 MHz, all IP Enabled
Operating current libLES 2.6 mA  [Vpp = 5.5V at 12 MHz, all IP Disabled
Idle mode
lipLE7 2 mA |Vpp = 3.3V at 12 MHz, all IP Enabled
at 12 MHz
libLES 1 mA |Vpp = 3.3V at 12 MHz, all IP Disabled
libLES 3 mA |Vpp = 5.5V at 4 MHz, all IP Enabled
Operating current libLEL0 2.3 mA  |Vpp = 5.5V at 4 MHz, all IP Disabled
Idle mode
lipLE1L 1 mA |Vpp = 3.3V at 4 MHz, all IP Enabled
at 4 MHz
libLE12 0.7 mA [Vpp = 3.3V at 4 MHz, all IP Disabled
Vpp = 5.5V at 22.1184 MHz,
lipLE13 3.0 mA
all IP Enabled
Operating current
Vpp = 5.5V at 22.1184 MHz,
ldle mode lbLEL4 1.2 mA _
all IP Disabled
at 22.1184 MHz IRC
3.0 Vop = 3.3V at 22.1184 MHz,
| . mA
IPLELS all IP Enabled
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Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit
12 A Vop = 3.3V at 22.1184 MHz,
| . m
IPLEL® all IP Disabled
Vpp = 5.5V at 32.768 KHz,
libLE17 110 pA
all IP Enabled
Operating current 107 Vop = 5.5V at 32.768 KHz,
lipLE18 HA .
Idle mode all IP Disabled
at 32.768 KHz crystal 105 WA Vop = 3.3V at 32.768 KHz,
i |
oscillator IDLELS all IP Enabled
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