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1 GENERAL DESCRIPTION

The NuMicro Mini51™ series 32-bit microcontroller is embedded with an ARM® Cortex™-MO core
for industrial controls and applications which require high performance, high integration, and low
cost. The Cortex™-MO is the newest ARM embedded processor with 32-bit performance at a cost
equivalent to the traditional 8-bit microcontroller.

The NuMicro Mini51™ series can run up to 24 MHz, and thus can afford to support a variety of
industrial controls and applications requiring high CPU performance. The NuMicro Mini51™
series provides 4K/8K/16K-byte embedded program flash, size configurable data flash (shared
with program flash), 2K-byte flash for the ISP, and 2K-byte embedded SRAM.

A number of system-level peripheral functions, such as I/O Port, Timer, UART, SPI, I°C, PWM,
ADC, Watchdog Timer, and low voltage detector, have been incorporated in the NuMicro
Mini51™ series to reduce component count, board space, and system cost. These useful
functions make the NuMicro Mini51™ series powerful for a wide range of applications.

Additionally, the NuMicro Mini51™ series is equipped with ISP (In-System Programming) and ICP
(In-Circuit Programming) functions, allowing user to update program memory without removing a
chip from an actual end product.
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2 FEATURES
® Core

€ ARM® Cortex™-MO core running up to 24 MHz
€  One 24-bit system timer
€ Supports low power Idle mode
€ Asingle-cycle 32-bit hardware multiplier
€ NVIC for 32 interrupt inputs, each with 4-level priority
€  Supports Serial Wire Debug (SWD) with 2 watchpoints/4 breakpoints
Built-in LDO for Wide Operating Voltage Range: 2.5V to 5.5V
Memory
¢ 4KB/8KB/16KB flash memory for program memory (APROM)
€ Configurable flash memory for data memory (Data Flash)
€ 2KB flash memory for loader (LDROM)
€ 2KB SRAM for internal scratch-pad RAM (SRAM)
In-System Programming (ISP) and In-Circuit Programming (ICP)
Clock Control
€ Programmable system clock source
B Switch clock sources on-the-fly
€ 4~ 24 MHz crystal oscillator (HXT)
€ 32.768K crystal oscillator (LXT) for idle wake-up and system operation clock
€ 22.1184 MHz internal oscillator (HIRC) (1% accuracy at 25°C, 5V)

B Dynamically calibrating the HIRC OSC to 22.0 MHz +1% from -40°C to
85°C by external 32.768K crystal oscillator (LXT)

€ 10 KHz internal low-power oscillator (LIRC) for watchdog and idle wake-up
® |/O Port
€ Upto 30 GPIO (General Purpose I/O) pins for LQFP-48 package
€ Software-configured I/O type
B Quasi-bidirectional input/output
B Push-pull output
B Open-drain output
B Input-only (high impendence)
€ Optional Schmitt trigger input
® Timer
€  Two 24-bit Timers with 8-bit prescaler
B Supports Event Counter mode

B Supports Toggle Output mode
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B Supports external trigger in Pulse Width Measurement mode
€ Supports external trigger in Pulse Width Capture mode
® \Watchdog Timer
€ Programmable clock source and time-out period
€  Supports wake-up function in Power-down mode and Idle mode
€ Interrupt or reset selectable when time-out happens
° PWM

€ Up to three built-in 16-bit PWM generators with six PWM outputs or three
complementary paired PWM outputs

€ Supports edge alignment or center alignment

L 2

Supports fault detection

€ Individual clock source, clock divider, 8-bit prescalar and dead-zone generator
for each PWM generator

€ PWM interrupt synchronized to PWM period
® UART (Universal Asynchronous Receiver/Transmitters)
One UART device
Buffered receiver and transmitter with 16-byte FIFO
Optional flow control function (CTSn and RTSn)
Supports IrDA (SIR) function

Programmable baud-rate generator up to 1/16 system clock

L K K JBK IR R 4

Supports RS-485 function

®  SPI (Serial Peripheral Interface)

One SPI device

Masters up to 12 MHz, and Slaves up to 4 MHz
Supports SPI Master/Slave mode

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

L K R JER JBR JBR R R 4

Byte Suspend mode in 32-bit transmission

[ ]
OI\J

Supports Master/Slave mode
Bi-directional data transfer between masters and slaves

Multi-master bus (no central master)

L K IR R 4

Arbitration between simultaneously transmitting masters without corruption of
serial data on the bus

2

Serial clock synchronization allowing devices with different bit rates to
communicate via one serial bus
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€  Serial clock synchronization used as a handshake mechanism to suspend and
resume serial transfer

€ Programmable clocks allowing for versatile rate control
€  Supports multiple address recognition (4 slave addresses with mask option)
® ADC (Analog-to-Digital Converter)
€ 10-bit SAR ADC with 150K SPS
€4 Up to 8-ch single-end input and one internal input from band-gap
€ Conversion started by software or external pin
®  Analog Comparator
€ Two analog comparators with programmable 16-level internal voltage reference
€ Built-in CRV (comparator reference voltage)
® BOD (Brown-Out Detection) Reset
€ Three programmable threshold levels: 3.8V/2.7V/2.0V (default as 2.0V)
4 Optional BOD interrupt or reset
96-bit unique ID
Operating Temperature: -40°C~85C
® Packages:
€ Green package (RoHS)
€ LQFP 48-pin (7x7), QFN 33-pin (5x5), QFN 33-pin (4x4)
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3 PARTS INFORMATION LIST AND PIN CONFIGURATION

3.1 NuMicro Mini51™ Series Product Selection Guide

ISP ) Connectivity B IRC
Part Number [APROM | RAM | Data Flash |Loader 110 Timer Comp. |PWM | ADC P 22.1184 Package
ROM UART| SPI | I’C MHz
MINIS1LAN 4 KB | 2KB |Configurable| 2 KB [upto30|2x32-bit| 1 1 1 2 6 |8x10-bit| v Y LQFP48
MINI51ZAN 4KB |2 KB |Configurable| 2KB [upto29|2x32-bit| 1 1 1 2 6 |8x10-bit| v \ QFN33(5x5)
MINIS1TAN 4KB |2 KB |Configurable| 2KB [upto29|2x32-bit| 1 1 1 2 6 |8x10-bit| v \ QFN33(4x4)
MINI52LAN 8 KB 2 KB | Configurable | 2 KB |up to 30 |2x32-bit 1 1 1 2 6 8x10-bit| v \ LQFP48
MINI52ZAN 8 KB | 2KB |Configurable| 2 KB [upto29|2x32-bit| 1 1 1 2 6 |8x10-bit| v \ QFN33(5x5)
MINIS2TAN 8 KB | 2KB |Configurable| 2 KB [upto29|2x32-bit| 1 1 1 2 6 |8x10-bit| v \ QFN33(4x4)
MINIS4LAN 16 KB | 2 KB | Configurable | 2 KB [up to 30 |2x32-bit| 1 1 1 2 6 |8x10-bit| v \ LQFP48
MINI54ZAN 16 KB | 2 KB | Configurable | 2 KB [up to 29 |2x32-bit 1 1 1 2 6 8x10-bit| v \ QFN33(5x5)
MINI5S4TAN 16 KB | 2 KB | Configurable | 2 KB [up to 29 |2x32-bit 1 1 1 2 6 8x10-bit| v \ QFN33(4x4)

Figure 3.1-1 NuMicro Mini51™ Series Product Selection Guide
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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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3.2.2  QFN 33-pin
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Figure 3.2-2 NuMicro Mini51™ Series QFN 33-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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Pin Number
LQFP QFN Pin Name| Pin Type |Description
48-pin | 33-pin
P3.6 IO Digital GPIO pin
CPOO (0] Analog comparator output pin
14 9
CKO (0] Frequency divider output pin
T1EX | Timer 1 external capture/reset trigger input pin
P5.1 I/0 Digital GPIO pin
15 10 The output pin from the internal inverti lifier. It emit
XTAL2 o e output pin from the internal inverting amplifier. It emits
the inverted signal of XTAL1.
P5.0 l[e} Digital GPIO pin
16 11 The input pin to the internal inverting amplifier. The system
XTAL1 |
clock could be from external crystal or resonator.
12
17 VSS P Ground pin for digital circuit
33
18 :;DO—CA P LDO output pin
Digital GPIO pin
19 P5.5 10 User program must enable pull-up resistor in the QFN-33
package.
P5.2 I/0 Digital GPIO pin
20 13
INT1 | External interrupt 1 input pin
21 NC Not connected
pP2.2 I/10 Digital GPIO pin
22 14
PWMO (0] PWMO output of PWM unit
P2.3 I/0 Digital GPIO pin
23 15
PWM1 (0] PWM1 output of PWM unit
P2.4 I/0 Digital GPIO pin
24 16
PWM2 (0] PWM2 output of PWM unit
P2.5 I/0 Digital GPIO pin
25 17
PWM3 (0] PWM3 output of PWM unit
P2.6 I/0 Digital GPIO pin
26 18 PWM4 (0] PWM4 output of PWM unit
CPO1 (0] Analog comparator output pin
27 NC Not connected
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Pin Number
LQFP QFN Pin Name| Pin Type |Description
48-pin | 33-pin
28 NC Not connected
P4.6 I/0 Digital GPIO pin
29 19
ICE_CLK | Serial wired debugger clock pin
P4a.7 I/0 Digital GPIO pin
30 20
ICE_DAT I/0 Serial wired debugger data pin
31 NC Not connected
PO.7 I/0 Digital GPIO pin
32 21
SPICLK l[e} SPI serial clock pin
P0.6 l[e} Digital GPIO pin
33 22
MISO I/0 SPI MISO (master in/slave out) pin
P0.5 IO Digital GPIO pin
34 23
MOSI (0] SPI MOSI (master out/slave in) pin
P0.4 l[e} Digital GPIO pin
35 24 SPISS I/10 SPI slave select pin
PWM5 (0] PWMS5 output of PWM unit
36 NC Not connected
PO.1 I/0 Digital GPIO pin
RTSn O UART RTS pin
37 25
RX | UART data receiver input pin
SPISS I/0 SPI slave select pin
P0.0 IO Digital GPIO pin
38 26 CTSn | UART CTS pin
TX (0] UART transmitter output pin
39 NC Not connected
40 NC Not connected
P5.3 IO Digital GPIO pin
41 27
AINO Al ADC analog input pin
42 28 VDD P Power supply for digital circuit
43 AVDD P Power supply for analog circuit
44 29 P1.0 IO Digital GPIO pin
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Pin Number
LQFP QFN Pin Name| Pin Type |Description
48-pin | 33-pin
AIN1 Al ADC analog input pin
P1.2 I/0 Digital GPIO pin
45 30 AIN2 Al ADC analog input pin
RX | UART data receiver input pin
P1.3 I/0 Digital GPIO pin
46 31 AIN3 Al ADC analog input pin
TX (0] UART transmitter output pin
P14 I/0 Digital GPIO pin
47 32 |AIN4 l[e} PWM5: PWM output/Capture input
CPNO Al Analog comparator negative input pin
48 NC Not connected

Table 3.3-1 NuMicro Mini51™ Series Pin Description

[1] I/O type description: I: input, O: output, I/O: quasi bi-direction, D: open-drain, P: power pin,
ST: Schmitt trigger, A: Analog input.
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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 FUNCTIONAL DESCRIPTION
5.1 Memory Organization

5.1.1 Overview

The NuMicro Mini51™ series provides a 4G-byte address space for programmers. The memory
locations assigned to each on-chip modules are shown in §&3R! $AZRMEKIE - . The detailed
register and memory addressing and programming will be described in the following sections for
individual on-chip modules. The NuMicro Mini51™ series only supports little-endian data format.
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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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5.2 Nested Vectored Interrupt Controller (NVIC)

5.2.1 Overview

The Cortex™-MO CPU provides an interrupt controller as an integral part of the exception mode,
named “Nested Vectored Interrupt Controller (NVIC)”. It is closely coupled to the processor kernel
and provides the following features.

5.2.2 Features
Nested and Vectored interrupt support

®  Automatic processor state saving and restoration
®  Dynamic priority change
® Reduced and deterministic interrupt latency

The NVIC prioritizes and handles all supported exceptions. All exceptions are handled in “Handler
mode”. This NVIC architecture supports 32 (IRQ[31:0]) discrete interrupts with 4 levels of priority.
All of the interrupts and most of the system exceptions can be configured to different priority
levels. When an interrupt occurs, the NVIC will compare the priority of the new interrupt to the
current running one’s priority. If the priority of the new interrupt is higher than the current one, the
new interrupt handler will override the current handler.

When an interrupt is accepted, the starting address of the Interrupt Service Routine (ISR) is
fetched from a vector table in memory. There is no need to determine which interrupt is accepted
and branch to the starting address of the correlated ISR by software. While the starting address is
fetched, the NVIC will also automatically save the processor state including the registers “PC,
PSR, LR, RO~R3, R12” to the stack. At the end of the ISR, the NVIC will restore the mentioned
registers from stack and resume the normal execution. Thus it will take less and deterministic time
to process the interrupt request.

The NVIC supports “Tail Chaining” which handles back-to-back interrupts efficiently without the
overhead of states saving and restoration and therefore reduces delay time in switching to
pending ISR at the end of current ISR. The NVIC also supports “Late Arrival” which improves the
efficiency of concurrent ISRs. When a higher priority interrupt request occurs before the current
ISR starts to execute (at the stage of state saving and starting address fetching), the NVIC will
give priority to the higher one without delay penalty. Thus it advances the real-time capability.

For more detailed information, please refer to the “ARM® Cortex™-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

5.2.3 Exception Model and System Interrupt Map

The exception model supported by the NuMicro Mini51™ series is listed in the following table.
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 the priority “0” is treated
as the fourth priority on the system, after the three system exceptions “Reset’, “NMI” and “Hard
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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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Exception lRQ iirber Exception . o Power-down
Number (Bitin Interrupt Name Source IP Exception Description Wake-u
Registers) P
30 14 SPL_INT SPI SPl interrupt No
31 15 - - -
External signal interrupt from
32 16 GP5_INT GPIO  |Spio group P5 except P5.2 Yes
33 17 HFIR(II'\T_'ll_'RIM HFIRC  |HFIRC trim interrupt No
34 18 12C_INT ’C  |i°Cinterrupt No
35~40 19~24 - - -
41 25 ACMP_ INT | acmp |Analog ~ Comparator 0 or 11y,
interrupt
42 ~43 26 ~ 27 - . -
44 o8 PWRWU_INT|  CLKC Clock controller interrupt for chip Yes
wake-up from Power-down state
45 29 ADC_INT ADC ADC interrupt No
46 ~ 47 30~31 - - -

Table 5.2-2 System Interrupt Map

5.2.4 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
based address is fixed at 0x0000_0000. 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 the
exception handler entry as illustrated in the previous section.

Vector Table Word Offset (Bytes) [Description

0x00 Initial Stack Pointer Value

Exception Number x 0x04 Exception Entry Pointer using that Exception Number

Table 5.2-3 Vector Table Format
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5.2.5 NVIC Operation

NVIC interrupts can be enabled or 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, and 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 be activated. 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 the next section.
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5.3 System Manager

5.3.1 Overview
The following functions are included in the system manager section:

®  System Memory Map
System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)

System management registers for product ID

System management registers for chip and module functional reset and multi-function
pin control

Brown-out and chip miscellaneous Control Register

Combined peripheral interrupt source identify

5.3.2 System Reset

The system reset includes one of the following as the event occurs. For these reset events flags
can be read by RSTSRC register.

Power-On Reset (POR)

Low level on the /RESET pin
Watchdog Time-out Reset (WDT)
Brown-out Detected Reset (BOD)
Cortex™-MO CPU Reset

Software one shot Reset

5.3.3 System Power Distribution
In this device, the power distribution is divided into three segments.

® Analog power from AVDD and AVSS supplies power for analog module operation

® Digital power from VDD and VSS supplies power to the internal regulator which
provides a fixed 1.8V power for digital operation and I/O pins

®  Built-in capacitor for internal voltage regulator

The output of internal voltage regulator, LDO_CAP, requires an external capacitor which should
be located close to the corresponding pin. g&:R! FkARF| M@K IE - shows the power architecture
of this device.
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Mini51™ Power Distribution

AVDD >
AVSS > Comparator
10-hit
B t Detect
SAR-ADC rown Out Detector
CRV
. . IRC
Digital Logic
FLASH . 22.1184MHz
(Timer/UART/I2C/SPI---) & 10KHz Osc.

i

LDO 10 cell

1.8v
POR18 _
ﬁ v oLoy PO~P5

POR50

VDD
VSS

Figure 5.3-1 NuMicro Mini51™ Series Power Distribution Diagram
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5.3.4 Memory Mapping Table

NuMicro™ Mini51 Series Data Sheet

Mini51/52/54 System Control
4 GB OxFFFF_FFFF System Control OxEOOO_EDOO |SCS_BA
Reserved | External Interrupt Control OxXEOOO_E100 |SCS_BA
OxEOOO_FO000 System Timer Control OxXEOOO_EO10 |SCS_BA
OxEOOO_EFFF
System Control
OxEOOO_EOO0O0
OxEOOO_EOOF
Reserved |
0x6002_0000
0x6001_FFFF
Reserved
0x6000_0000
Ox5FFF_FFFF
Reserved |
0x5020_0000 AHB peripherals
AHB Ox501F_FFFF FMC 0x5000_C000 |FMC_BA
0x5000_0000 GPIO Control 0x5000_4000 |GP_BA
Ox4FFF_FFFF Interrupt Multiplexer Control |[0x5000_0300 [INT_BA
Clock Control 0x5000_0200 |CLK_BA
Reserved |
System Global Control 0x5000_0000 |GCR_BA
0x4020_0000
Ox401F_FFFF
APB |
1GB 0x4000_0000
Ox3FFF_FFFF
APB peripherals
ADC Control 0x400E_0000 |ADC_BA
Reserved |
ACMP Control 0x400D_0000 |[CMP_BA
UART Control 0x4005_0000 |UART_BA
0x2000_0800 PWM Control 0x4004_0000 |PWM_BA
0x2000_07FF SPI Control 0x4003_0000 |SPI_BA
2 KB SRAM
0.5 GH 0x2000_0000 12C Control 0x4002_0000 |I2C_BA
Ox1FFF_FFFF TimerO/Timerl Control 0x4001_0000 |TMR_BA
WDT Control 0x4000_4000 |WDT_BA
Reserved |
0x0000_4000
16 KB on-chip Flash (Mini54)0x0000_3FFF
8 KB on-chip Flash (Mini52) |Ox0000_1FFF
0x0000_OFFF
4 KB on-chip Flash (Mini51)
0GB 0x0000_0000
Table 5.3-1 Memory Mapping Table
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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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5.4.4 AHB Clock Source Selection

HCLK ———————————————»
ISP_EN (AHBCLK]2))

Figure 5.4-4 AHB Clock Source for HCLK
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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

Feb 9, 2012 Page 31 of 68 Revision V1.03



NuMicro™ Mini51 Series Data Sheet

NnuUvoToN
L TS

Ext. CLK (12M or 32K) | IRC22.1184M IRC10K PCLK

WDT Yes No Yes Yes
Timer0 Yes Yes Yes Yes
Timerl Yes Yes Yes Yes
I°’c No No No Yes
SPI No No No Yes
UART Yes Yes No No

PWM No No No Yes
ADC Yes Yes No Yes
ACMP No No No Yes

Table 5.4-1 Peripherals Engine Clock Source Selection Table
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5.4.6 Power-down Mode Clock

When entering Power-down mode, some clock sources and peripheral clocks and system clocks
will be disabled. Some clock sources and peripheral clocks are still active in Power-down mode.

Clocks that still be kept active are listed below.
® Clock Generator
€ Internal 10 KHz RC oscillator (LIRC) clock

€ External 32.768 KHz crystal oscillator (LXT) clock (If PD_32K = “1” and
XTLCLK_EN[1:0] = “10”)

®  Peripherals Clock (When these IP adopt 10 KHz as clock source)
€ Watchdog Clock
€ Timer 0/1 Clock
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5.4.7 Frequency Divider Output

This device is equipped with a power-of-2 frequency divider which is composed of 16 chained
divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one
multiplexer is reflected to P3.6. Therefore, there are 16 options of power-of-2 divided clocks with
the frequency from Fin/21 to Fin/217 where Fin is input clock frequency to the clock divider.

The output formula is Fout = Fin/2(N+1), where Fin is the input clock frequency, Fout is the clock
divider output frequency and N is the 4-bit value in FREQDIV.FSEL[3:0].

When FREQDIV.FDIV_EN[4] is set to high, the rising transition will reset the chained counter and
starts counting. When FREQDIV.FDIV_ENI[4] is written with zero, the chained counter
continuously runs until the divided clock reaches low state and stays in low state.

——CLKSEL2.FRQDIV_S[3:2]

APBCLK.FRQDIV_ENI[6]

\ 4
22118aM \—» FRQDIV_CLK
_HOK ) B
12M or 32K
———> 00

Figure 5.4-6 Clock Source of Frequency Divider

FREQDIV.FDIV_EN[4]

Oto1
Reset Clock 16 chained
Divid .
wicer divide-by-2 counter
FRQDIV_CLK 1 1
—> 12 | 122 | 12 V2t 2
\ [ 1 000y,
\ 1001 )
il 16101 P3.6/CPOOIC
| 1101, MUX
1111
| E——

4

FREQDIV.FSEL[3:0]

P3_ALTI6]
P3_MFPI6]

Figure 5.4-7 Block Diagram of Frequency Divider
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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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5.6 Analog-to-Digital Converter (ADC)

5.6.1 Overview

The NuMicro Mini51™ series contains one 10-bit successive approximation analog-to-digital
converters (SAR A/D converter) with 8 input channels. The A/D converters can be started by
software and external STADC/P3.2 pin.

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

5.6.2 Features
Analog input voltage range: 0 ~ Vref (Max to 5.0 V)

10-bit resolution and 8-bit accuracy is guaranteed
Up to 8 single-end analog input channels
Maximum ADC clock frequency is 6 MHz

Up to 150K SPS conversion rate

An A/D conversion is performed one time on a specified channel

An A/D conversion can be started by:
€  Software write “1” to ADST bit
€ External pin STADC
Conversion results are held in data register with valid and overrun indicators

Conversion results can be compared with specified value and user can select whether
to generate an interrupt when conversion results are equal to the compare register
settings

® Channel 7 supports 2 input sources: External analog voltage and internal fixed band-
gap voltage
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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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5.8 General Purpose I/O

5.8.1 Overview

There are 30 General Purpose 1/O pins shared with special feature functions in this MCU. The 30
pins are arranged in 6 ports named PO, P1, P2, P3, P4 and P5. Each of the 30 pins is
independent and has the corresponding register bits to control the pin mode function and data.

The 1/O type of each 1/0O pin can be independently software configured as input, output, open-
drain, or Quasi-bidirectional mode. After reset, the 1/O type of all pins stay in input mode and port
data register Px_DOUT]In] resets to “1”. For Quasi-bidirectional mode, each 1/O pin is equipped
with a very weak individual pull-up resistor about 110KQ ~ 300K for VDD from 5.0V to 2.5V.

5.8.2 Features
® Four I/O modes:

Quasi bi-direction
Push-Pull output

Open-Drain output

L K IR R 4

Input-only with high impendence
®  TTL/Schmitt trigger input selectable
® |/O pin can be configured as interrupt source with edge/level setting

®  High driver and high sink IO mode support
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5.9 I°C Serial Interface Controller (Master/Slave)

5.9.1 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. Serial 8-bit oriented bi-directional data transfers can be made up 1.0
Mbps.

Data is transferred between a master and a slave synchronously to SCL on the SDA line on a
byte-by-byte basis. Each data byte is 8 bits 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 SCL. A transition on the SDA
line while SCL is high is interpreted as a command (START or STOP). Please refer to the
following figure for more detailed I°C BUS Timing.

Repeated

STOP START START STOP
SDA / \ /_
] tBUF > -t T 1
AN/
—» -t — -« - — -

thpjsta tsuista tsu;sto

tHppAT tsu,pat

Figure 5.9-1 Bus Timing

The device’s on-chip I°C logic provides the serial interface that meets the 1°C bus standard mode
specification. The I’c port handles byte transfers autonomously. To enable this port, the bit ENSI
in I2CON should be set to “1”. The I°C hardware interfaces to the 1°C bus via two pins: SDA (P3.4,
serial data line) and SCL (P3.5, serial clock line). Since the pull-up resistor is needed for Pin P3.4
and P3.5 for I°C operation as these are open-drain pins. When the 1/O pins are used as 1°C port,
user must set the pins function to I°C in advance.

5.9.2 Features

The I°C bus uses two wires (SDA and SCL) to transfer information between devices connected to
the bus. The main features of the bus are:

Supports Master/Slave mode

® Bi-directional 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 allowing 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
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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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5.10 Enhanced PWM Generator

5.10.1 Overview

The NuMicro Mini51™ series has built one PWM unit which is specially designed for motor driving
control applications. The PWM unit supports 6 PWM generators which can be configured as 6
independent PWM outputs, PWMO0~PWMS5, or as 3 complementary PWM pairs, (PWMO0, PWM1),
(PWM2, PWM3) and (PWM4, PWM5) with 3 programmable dead-zone generators.

Each PWM generator shares the 8-bit prescaler, clock divider providing 5 divided frequencies (1,
1/2, 1/4, 1/8, 1/16). Each PWM output has independent 16-bit counter for PWM period control,
and 16-bit comparators for PWM duty control. The 6 PWM generators provide six independent
PWM interrupt flags which are set by hardware when the corresponding PWM period counter
comparison matched. Each PWM interrupt source with its corresponding enable bit can request
PWM interrupt. The PWM generators can be configured as One-shot mode to produce only one
PWM cycle signal or Auto-reload mode to output PWM waveform continuously.

5.10.2 Features
The PWM unit supports the following features:

® Six independent 16-bit PWM duty control units with maximum 6 port pins:

€ 6 independent PWM outputs — PWMO, PWM1, PWM2, PWM3, PWM4, and
PWM5

€ 3 complementary PWM pairs, with each pin in a pair mutually complement to
each other and capable of programmable dead-zone insertion — (PWMO,
PWM1), (PWM2, PWM3) and (PWM4, PWM5)

€ 3 synchronous PWM pairs, with each pin in a pair in-phase — (PWMO0, PWM1),
(PWM2, PWM3) and (PWM4, PWM5)

Group control bit — PWM2 and PWM4 are synchronized with PWMO
One-shot (only support edge alignment mode) or Auto-reload mode PWM
Up to 16-bit resolution

Supports Edge-aligned and Center-aligned mode

Programmable dead-zone insertion between complementary paired PWMs

Each pin of PWMO to PWMS5 has independent polarity setting control

Hardware fault brake protections
4 Two Interrupt source types:

B Synchronously requested at PWM frequency when down counter
comparison matched (edge- and center-aligned mode) or underflow (edge-
aligned mode)

B Requested when external fault brake asserted
¢ BKPO: EINTO
€ BKP1: EINT1 or CPOO

® The PWM signals before polarity control stage are defined in view of positive logic.
Whether the PWM ports are active high or active low is controlled by the polarity
control register.
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Figure 5.10-1 Application Circuit Diagram
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5.11 Serial Peripheral Interface (SPI) Controller

5.11.1 Overview

The Serial Peripheral Interface (SPI) is a synchronous serial data communication protocol which
operates in full duplex mode. Devices communicate in Master/Slave mode with 4-wire bi-direction
interface. NuMicro Mini51™ series contain one set of SPI controller 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. SPI controller can be set as a master; it also can be set as a
slave controlled by an off-chip master device.

5.11.2 Features
. Supports Master or Slave mode operation

. MSB or LSB first transfer
. Byte or word Suspend mode
. Variable output serial clock frequency in Master mode

. Supports two programmable serial clock frequencies in Master mode

Feb 9, 2012 Page 43 of 68 Revision V1.03



NuMicro™ Mini51 Series Data Sheet

NnUvVOTON
L TS

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
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5.13 UART Interface Controller

The NuMicro Mini51™ series provides one channel of Universal Asynchronous
Receiver/Transmitters (UART). UART performs Normal Speed UART, and support flow control
function.

5.13.1 Overview

The Universal Asynchronous Receiver/Transmitter (UART) 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, and RS-485
mode functions. Each UART channel supports six types of interrupts, including transmitter FIFO
empty interrupt (INT_THRE), receiver threshold level reaching interrupt (INT_RDA), line status
interrupt (parity error or framing error or break interrupt) (INT_RLS), receiver buffer time-out
interrupt (INT_TOUT), MODEM/Wake-up status interrupt (INT_MODEM), and Buffer error
interrupt (INT_BUF_ERR). Interrupt number 12 (vector number is 28) supports UART interrupt.
Refer to Nested Vectored Interrupt Controller chapter for System Interrupt Map.

The UART is built-in with a 16-byte transmitter FIFO (TX_FIFO) and a 16-byte receiver FIFO
(RX_FIFO) that reduces the number of interrupts presented to the CPU and the CPU can read the
status of the UART at any time during the operation. The reported status information includes the
type and condition of the transfer operations being performed by the UART, as well as 4 error
conditions (parity error, framing error, break interrupt and buffer error) probably occur while
receiving data. The UART includes a programmable baud rate generator that is capable of
dividing crystal clock input by divisors to produce the clock that transmitter and receiver need. The
baud rate equation is Baud Rate = UART_CLK /M * [BRD + 2], where M and BRD are defined in
Baud Rate Divider Register (UA_BAUD). The following table lists the equations in the various
conditions and the UART baud rate setting table.

Table 5.13-1 UART Baud Rate Setting Table

Mode | DIV_X_EN |[DIV_X_ONE | Divider X | BRD [Baud Rate Equation
0 0 0 B A |UART_CLK/[16 * (A+2)]
1 1 0 B A g:AgT_CLK / [(B+1) * (A+2)] , B must
2 1 1 Don'’t care A |UART_CLK/ (A+2), A must >=3
Table 5.13-2 UART Baud Rate Setting Table
System clock =22.1184 MHz
Baud rate ModeO Model Mode2
921600 Not Support A=0, B=11 A=22
B A=1, B=15 _
460800 A=1 A=2 B=11 A=46
_ A=4, B=15 _
230400 A=4 A=6 B=11 A=94
115200 A=10 A=10, B=15 A=190
Feb 9, 2012 Page 45 of 68 Revision V1.03




NuMicro™ Mini51 Series Data Sheet
NUVOTON

A=14, B=11
_ A=22, B=15 _
57600 A=22 A=30, B11 A=382
A=62, B=8
38400 A=34 A=46, B=11 A=574
A=34, B=15
A=126, B=8
19200 A=T0 A=94, B=11 A=1150
A=T0, B=15
A=254, B=8
9600 A=142 A=190, B=11 A=2302
A=142, B=15
A=510, B=8
4800 A=286 A=382, B=11 A=4606
A=286, B=15

5.13.1.1 Auto-Flow Control

The UART controller supports auto-flow control function that uses two low-level signals, CTSn
(clear-to-send) and RTSn (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 RTSn to external device. When the number of bytes in the
RX FIFO equals the value of RTS_TRI_LEV (UA_FCR[19:16]), the RTSn is de-asserted. The
UART sends data out when UART controller detects CTSn is asserted from external device. If a
validly asserted CTSn is not detected the UART controller will not send data out.

5.13.1.2 IrDA Function Mode

The UART controllers also provides Serial IrDA (SIR, Serial Infrared) function (user must set
IrDA_EN (UA_FUN_SELJ[1:0]) to enable IrDA function). The SIR specification 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). The IrDA SIR block contains an IrDA SIR
Protocol encoder/decoder. The IrDA SIR protocol is half-duplex only. Thus it cannot transmit and
receive data at the same time. The IrDA SIR physical layer specifies a minimum 10ms transfer
delay between transmission and reception. This delay feature must be implemented by software.

5.13.1.3 RS-485 Function Mode

Alternate function of UART controllers is RS-485 9 bit mode function, direction control provided by
RTSn pin or can program GPIO (P0.1 for RTSn) 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 RTSn 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 the
same as UART.
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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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5.14 Watchdog Timer

5.14.1 Overview

The purpose of Watchdog Timer (WDT) is to perform a system reset after software runs into a
problem. This prevents system from hanging for an infinite period of time. Besides, the Watchdog
Timer supports another function to wake up CPU from Power-down mode. The Watchdog timer
includes an 18-bit free running counter with programmable time-out intervals. The following table
shows the Watchdog time-out interval selection and the following figure shows the timing of
Watchdog interrupt signal and reset signal.

Setting WTE (WTCRJ[7]) will enable the watchdog timer and the WDT counter starts counting up.
When the counter reaches the selected time-out interval, the Watchdog timer interrupt flag WTIF
will be set immediately to request a WDT interrupt if the Watchdog timer interrupt enable bit WTIE
is set; in the meanwhile, a specified delay time (1024 * TWDT) follows the time-out event. User
must set WTR (WTCRJ[0]) (Watchdog Timer Reset) high to reset the 18-bit WDT counter to avoid
CPU from Watchdog Timer Reset before the delay time expires. The WTR bit is cleared
automatically by hardware after the WDT counter is reset. There are eight time-out intervals with
specific delay time which are selected by Watchdog timer interval select bits WTIS (WTCR[10:8]).
If the WDT counter has not been cleared after the specific delay time expires, the Watchdog timer
will set Watchdog Timer Reset Flag (WTRF) high and reset CPU. This reset will last 63 WDT
clocks (TRST) and then CPU restarts executing program from reset vector (0x0000_0000). WTRF
will not be cleared by Watchdog reset. User may poll WTRF through software to recognize the
reset source. WDT also provides the wake-up function. When chip is powered down and the
Watchdog Timer Wake-up Function Enable bit (WTCR[4]) is set, if the WDT counter has not been
cleared after the specific delay time expires, the chip will be waked up from Power-down state.

WTR Timeout | Interrupt Period | WTR Timeout Interval | WTR Reset Interval
WTIS Interval (WDT_CLK =10 KHz) | (WDT_CLK = 10 KHz)
Tus Tint Tns Twtr
000 24* Tywor 1024 * Twor 1.6 ms 104 ms
001 25 * Twor 1024 * Twor 6.4 ms 108.8 ms
010 28 * Typr 1024 * Twor 25.6 ms 128 ms
011 210 * Tywor 1024 * Twor 102.4 ms 204.8 ms
100 212* Typr 1024 * Twor 407 ms 512 ms
101 2" * Twor 1024 * Twor 1.638 s 1.741s
110 216 * Tyypr 1024 * Twor 6.553 s 6.6.656 s
111 2'8* Tywpr 1024 * Twor 26.214 s 26.316 s

Table 5.14-1 Watchdog Time-out Interval Selection
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Figure 5.14-1 Timing of Interrupt and Reset Signal

5.14.2 Features
®  18-bit free running counter to avoid CPU from Watchdog Timer Reset before the delay
time expires.

®  Selectable time-out interval (24 ~ 218) and the time-out interval is 104 ms ~ 26.3168 s
(if WDT_CLK = 10 KHz).

® Reset period = (1/10 KHz) * 63, if WDT_CLK =10 KHz.
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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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6.2 Features
[ ] A low gate count processor

€  ARMvV6-M Thumb® instruction set
Thumb-2 technology

ARMvV6-M compliant 24-bit SysTick timer
A 32-bit hardware multiplier

Supports little-endian data accesses

Deterministic, fixed-latency, interrupt handling

L K R K R R 4

Load/store-multiples and multicycle-multiplies that can be abandoned and
restarted to facilitate rapid interrupt handling

L 2

C Application Binary Interface compliant exception model:

ARMv6-M, C Application Binary Interface (C-ABI) compliant exception model
that enables the use of pure C functions as interrupt handlers

€ Low power Idle mode entry using Wait For Interrupt (WFI), Wait For Event
(WFE) instructions, or the return from interrupt sleep-on-exit feature

[ NVIC
¢ 32 external interrupt inputs, each with four levels of priority
€ Dedicated Non-Maskable Interrupt (NMI) input
€ Supports both level-sensitive and pulse-sensitive interrupt lines
€  Wake-up Interrupt Controller (WIC) with ultra-low power Idle mode support
® 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 Debug Access Port DAP (DAP)
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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 \
Input voltage VIN Vss-0.3 Vpp+0.3 \%
Oscillator frequency 1/tcLeL 4 24 MHz
Operating temperature TA -40 +85 °C
Storage temperature TST -55 +150 °C
Maximum current into VDD - 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 1/0O 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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8.2 DC Electrical Characteristics
(VDD-VSS =5.0V, TA = 25°C, FOSC = 24 MHz unless otherwise specified.)

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit
Operation voltage Vbb 2.5 55 V |Vbb=25V~55Vupto 24 MHz
Vpp rise rate to ensure
internal operation Vwrise | 0.05 VimS
correctly
Vss
Power ground -0.3 \Y,
AVss
LDO output voltage Vibo |-10% | 1.8 | +10% V  |Vbp=2.5V~55V
Analog operating
voltage AVoo 0 Voo v
Ibp1 9.5 mA |Vpp =5.5V at 24 MHz, all IP Enabled
Operating current .
Ibp2 7.5 mA |Vpp = 5.5V at 24 MHz, all IP Disabled
Normal run mode
Ibp3 7.5 mA |Vpp = 3.3V at 24 MHz, all IP Enabled
at 24 MHz
lopa 6 mA |Vpp = 3.3V at 24 MHz, all IP Disabled
lops 5.5 mA |Vpp = 5.5V at 12 MHz, all IP Enabled
Operating current .
Ibpe 4.5 mA |Vpp =5.5V at 12 MHz, all IP Disabled
Normal run mode
lop7 4 mA |Vpp = 3.3V at 12 MHz, all IP Enabled
at 12 MHz
Ibps 3 mA |Vpp = 3.3V at 12 MHz, all IP Disabled
lopg 3.6 mA |Vpp = 5.5V at 4 MHz, all IP Enabled
Operating current -
lop1o 3.3 mA |Vpp = 5.5V at 4 MHz, all IP Disabled
Normal run mode
lob11 1.7 mA |Vpp = 3.3V at 4 MHz, all IP Enabled
at 4 MHz
lbb12 1.4 mA |(Vbp=3.3Vat4 MHz, all IP Disabled
Vpp = 5.5V at 22.1184 MHz,
Ipp13 6.6 mA
all IP Enabled
Vpp = 5.5V at 22.1184 MHz,
Operating current lpp1a 5 mA _
all IP Disabled
Normal run mode
Vop = 3.3V at 22.1184 MHz,
at 22.1184 MHz IRC lob1s 6.6 mA
all IP Enabled
Vop = 3.3V at 22.1184 MHz,
Ipp16 5 mA
all IP Disabled
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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

Vpp = 3.3V at 22.1184 MHz,

| 1.2 mA
IDLE16 all IP Disabled

Vpp = 5.5V at 32.768 KHz,

libLE17 110
WA all IP Enabled
Operating current | 107 WA Vop = 5.5V at 32.768 KHz,
IDLE18 .
Idle mode all IP Disabled
at 32.768 KHz crystal Vop = 3.3V at 32.768 KHz,
oscillator libLELS 105 HA
all IP Enabled
102 WA Vpp = 3.3V at 32.768 KHz,
|
IDLE20 all IP Disabled
lipLE21 103 pA  |Vop = 5.5V at 10 KHz, all IP Enabled
Operating current -
|dl|o dg loLers 102 WA |Voo = 5.5V at 10 KHz, all IP Disabled
e mode
at 10 KHz IRC lipLe23 96 pA  |Vop = 3.3V at 10 KHz, all IP Enabled
libLE24 95 },IA Vpp = 3.3V at 10 KHz, all IP Disabled
| 10 Vpp = 5.0V, CPU STOP
PWD1
Standby current hA All IP and Clock OFF
Power-down mode Vop = 3.3V, CPU STOP
lpwp2 5 LA

All IP and Clock OFF

Vpp = 5.0V, CPU STOP
Standby current lpwos 12 HA Al IP and Clock OFF except
Power-down mode with 32.768KHz crystal oscillator
32.768 KHz crystal Vpp = 3.3V, CPU STOP

enabled lpwo4 7 HA Al IP and Clock OFF except
32.768KHz crystal oscillator

Input current PO~P5

(Quasi-bidirectional | -50 -60 A [Vop=55V,Vn=0VorVin=Vop
IN1 Hu

mode)

P Suffpent &t e | 55 | 45 | -30 | WA |Vop=3.3V, V=045V

Input leakage current e 01 ) +0.1 WA Voo = 5.5 V, 0<Vin<Vop

PA, PB, PC, PD, PE

Logic 1 to 0 transition
current PA~PE (Quasi- | [ F -650 - -200 pA  |Vpop=5.5V,Vn<2.0V
bidirectional mode)

Input low voltage Vi | 0.3 - 0.8 V. Voo =45V
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Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit
PO~P5 (TTL input) 0.3 - 0.6 Vop =2.5V
20 | - | 0o Voo = 5.5V
Input high voltage : Vv
PO~P5 (TTL input) Viny Voo
1.5 - +0.2 VDD =3.0V
Input low voltage 0.4 Vv
PO~P5, (Schmitt input) | ViL2 Voo
Input high voltage 0.6 v
PO~P5, (Schmitt input) | V1H2 Voo
Hysteresis voltage of 0.2 Vv
PO~P5 (Schmitt input) | VHY Voo
Input Ic?yz\g voltage v 0 . 08 v Vop = 4.5V
XTALL Pl o - | o4 Voo = 3.0V
35 - :/6’3 V  |Vop=5.5V
Input high voltage :
XTALL™ Vins v
DD —
2.4 - +0.2 Vpp = 3.0V
Internal /RESET pin
pull-up resistor Rrst 40 i 100 | Ka
Negative going
threshold Viis 05 _ 0.3 Vob \Vj
(Schmitt input), /RESET
Positive going
threshold vV 0.6 . |[VootO. |,
o IHS Vob 5
(Schmitt input), /RESET
Isr11 -300 | -370 | -450 pA  |Vop = 4.5V, Vs = 2.4V
Source current PO~P5.
(Quasi-bidirectional | -50 -70 -90 pA  |Vop = 2.7V, Vs = 2.2V
SR12
mode)
ISR12 -40 -60 -80 },LA VDD = 2.5V, Vs =2.0V
lsksr | 20 | -24 | -28 | mA |Vpp=4.5V,Vs=24V
Source current PO~P5, _ _
(PUSh-pU” mode) lsr22 -4 -6 -8 mA |Vpp =2.7V, Vs =2.2V
lsro2 -3 -5 -7 mA |Vpp =2.5V, Vs =2.0V
Isk1 10 16 20 mA |Vop = 4.5V, Vs =0.45V
Sink current PO~P5,
Quasi-bidirectional and| | 7 10 13 mA |Vpp = 2.7V, Vs = 0.45V
SK1
Push-pull mode)
ki 6 9 12 mA  |Vpp = 2.5V, Vs = 0.45V

Notes:

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

3. Pins of PO~P5 can source a transition current when they are being externally driven from 1 to 0. In the condition of
Vpp=5.5V, the transition current reaches its maximum value when V,y approximates to 2V.
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8.3 AC Electrical Characteristics

8.3.1 External Input Clock

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Clock high time tcHex 20 nS
Clock low time teLex 20 nS
Clock rise time teLen 10 nS
Clock fall time teHeL 10 nS

tcHCL

Note: Duty cycle is 50%.

8.3.2 External 4 ~ 24 MHz XTAL Oscillator

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Oscillator frequency frxTAL 4 12 24 | MHz |Vpp = 2.5V ~5.5V

Temperature Taxa | -40 +85 °c

Operating current IHxTAL TBD mA [Vbp = 5.0V

8.3.3 Typical Crystal Application Circuit

CRYSTAL C1 c2

4 MHz ~ 24 MHz Optional (depending on crystal specification)

‘\}_{ }—4|jXTAL1
w}—{ @XTALZ
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Figure 8.3-1 Typical Crystal Application Circuit

8.3.4 External 32.768 KHz XTAL Oscillator

Specification
PARAMETER Sym. TEST CONDITIONS

Min. | TYP. | Max. | Unit
Oscillator frequency fLxaL 32.768 KHz |Vpp = 2.5V ~5.5V
Temperature Tlyra | -40 +85 °C
Operating current [HxTAL TBD pA  |Vob = 5.0V

8.3.5 Internal 22.1184 MHz RC Oscillator

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. |Max.| Unit

Supply voltage™ VhRe 1.8 v

21.89 |22.1184(22.34| MHz [25°C, Vpp =5V
20.57 |22.1184(23.23| MHz |-40°C~+85°C, Vpp = 2.5V~5.5V
Center frequency Furc -40°C~+85°C, Vpp = 2.5V~5.5V

21.78 | 22.0 |22.22| MHz |32.768K crystal oscillator Enabled
and TRIM_SEL =1

Operating current lire TBD mA

Note: Internal operation voltage comes from LDO.

8.3.6 Internal 10 KHz RC Oscillator

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Supply voltage™ ViRe 1.8 Y

7 10 13 KHz [25°C, Vpp = 5V
10 15 KHz [-40°C = ~+85°C, Vpp = 2.5V~5.5V

Center frequency FiLrc

Operating current ILrc TBD pA  |Vpp =5V

Note: Internal operation voltage comes from LDO.
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8.4 Analog Characteristics
(Vbp-Vss = 5.0V, TA = 25°C, FOSC = 24 MHz unless otherwise specified.)

8.4.1 Brown-Out Reset (BOD)

Specification
PARAMETER Sym. TEST CONDITIONS

Min. | TYP. | Max. | Unit
Operating voltage VBop 2.0 5.5 \Y
. VDD =5V
Operating current
perating lsop 5 15 | A |Bop27 and BOD38 Enabled
BOD38 detection level Veagat | 3.6 3.8 4.0 VvV |25°C
BOD27 detection level Veorat | 2.6 2.7 2.8 VvV |25°C

8.4.2 Low Voltage Reset (LVR)

Specification
PARAMETER Sym. TEST CONDITIONS

Min. | TYP. | Max. | Unit
Operating voltage Vsop 2.0 55 \%
Operating current Isop 1 2 pA
Detection level 2.0 VvV |25°C
LVR always enabled Vr 196 | 20 | 24 V  |-40°C ~ +85°C

8.4.3 Analog Comparator

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Operating voltage Veob 25 3.3 55 \%

Operating current lemp 40 80 pA

Input offset voltage VorrseT 10 20 mV

Output swing voltage Vswin 0.2 Vpp-0.2| V

Input common mode range

(Vew) Vewm 0.1 Vpp-0.1] V

DC gain Goe 70 dB

_ Vem = 1.2V

Propagation delay TeoLy 200 ns |The difference voltage in CPPx and
CPNxis 0.1V
One bit control

Hysteresis Vhys 110 mV |W/O and W. hysteresis

@Vew= 0.2V ~ VDD-0.2V
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Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Stable time TsTaL 2 uS |CPPx =1.3V and CPNX = 1.2V

8.4.4 Analog Comparator Reference Voltage (CRV)

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Operating voltage VsoD 2.5 5.5 \%
. VDD =5V
CRYV step size '
P Vsep Voo/24 V' |BoD27 and BOD38 Enabled
CRYV output voltage absolute 0
accuracy Acrv -5 S %
Unit resistor value Rcry 2K ohm

8.4.5 10-bit ADC

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit

Operating voltage AVpp 2.7 55 V  |AVbb = Vbp

Operating current lapc 1 mA |AVpp = Vpp =5V, Fsps = 150K
Resolution Rabc 10 bit

Reference voltage VRer Avop V  |Vrer connected to Aypp in chip
ADC input voltage Vin 0 VRrer \Y

Conversion time Tcony 6.7 uS

Sampling rate Fsps | 150K Hz Voo = 5V, ADC clock = 6MHz

Free running conversion

Integral non-linearity error

INL 1 LSB
(INL)
Differential non-linearity
DNL 1 LSB
(DNL)
Gain error Eg 2 LSB
Offset error EorrseT 3 LSB
Absolute error Enss 4 LSB
ADC clock frequency Faoc 5K 6M Hz |Vbp =5V
Clock cycle ADcyc | 38 Cycle
Bang-gap voltage VeG 127 | 1.35 | 144 V  |-40°C ~ +85°C
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8.4.6 Flash Memory Characteristics

Specification
PARAMETER Sym. TEST CONDITIONS
Min. | TYP. | Max. | Unit
Cycling (erase/write)
Ncye | 100 K cycle
Program memory
Data retention Trer 10 years |Ta=+85°C
Erase time of ISP mode Terase | 2.3 2.5 2.7 mS |Erase time for one page
Program time of ISP mode TrroG 57 62 67 us Programming time for one
word
Program current IprROG 3.3 mA |Vpp = 5.5V
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9 PACKAGE DIMENSION

9.1 48-pin LQFP

36 75 N;#«M
IR N
= o
4850 313
UWUUUUUUUUU \ﬁ
T =12

I = )

[ )
ST A R

Controlling dimension : Millimeters

Dimensionininch Dimension in mm
Min |[Nom | Max | Min |[Nom | Max
A J— J— J— J— J— J—
At 0.002|0.004 | 0006 | 005 | 0.10 | 0.15
Az 0053 |0.055 |0057 | 135 140 |145

b 0.006 [0.008 |0.010 | 015 | 020 |025
c 0.004 (0006 {0008 | 010 |0.15 |0.20
D 0272 |0.276 {0280 | 690 | 700 | 7.10
E 0272|0276 [0280 | 690 | 700 | 7.10
e 0.014 | 0020 {0.026 | 035 | 050 |065
Ho |0350 [0.354 |0.358 | 890 [9.00 [9.10
He 0350 |0354 |0.358 | 890 |9.00 |9.10
L 0018 |0.024 | 0030 | 045 | 060 |0.75
L1 — |0039 | — | — | 100 | —
Y — | — |oo004| — | — |o10
0 0 — |7 0 — |7
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9.2 33-pin QFN (4mm x 4mm)

| - D2 C0.35%45"
| ! = | az
N b
TqUuuuuuy]
I ﬁ o ] l
—- - - N 3 — [ -
- = Y
| _iJ - - Ci_ L
) ]
| 1 — — Y
1A o
J0aonnng
D | sxL ok

14
f
|
w
r DIMENSION|  MILLIMETERS
SYMBOLS | MIN. | NOM. | MAX.
t A 0.80 | 0.85 | 0.90
A1 0.00 | 0.02 | 0.05
A3 0.20 REF.
b 0.15 | 0.20 [ 0.25
1 A1 D 4.00 BSC
A3 E 4.00 BSC
- e 0.40 BSC
A L 0.35 | 0.40 [ 0.45
o L1 | 0.332]0.382[0.432
2|3 K 020 — | —
=
L
o=
SE E2 D2
qle PAD SIZE| MIN. | NOM.| MAX. | MIN. | NOM. | MAX.
— a4 u 2.60 [ 2.70 | 2.75 | 2.60 [2.70 [ 2.75
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9.3 33-pin QFN (5mm x 5mm)

TOP VIEW
- 0]

32 25

BOTTOM VIEW

D2
25 L 32
Lo,
@{*EL L]
— ]
— [ <ﬂ
[ ] ] SEATING PLANE S S g =hTo
] ] )
L] ]
VAN N
T anfmnonn
16 T 9
al' Ll
DIMENSION DIMENSION SYMBOL e £
SYMBOL MM> (INCH>
MIN. NOM., MAX, MIN. NOM, MAX. MIN‘\ NOM, MAX. | MIN, ‘ NOM, \ MAX,
A 0.70 0.75 0.80 00275 | 00295 | 0.0315 DIM&N@IDN 3.4 ‘ 35 36 3.4 ‘ 35 ‘ 36
Al 0 002 0.05 0 0.001 0.002
A3 0.20 REF 0008 REF
b 0.8 ‘ 0.25 ‘ 0.30 0.007 ‘ 0.010 ‘ 0012
D 5.00 BSC 0197 BSC
£ 5.00 BSC 0197 BSC
[e] 050 BSC 00197 BSC
L 0.30 ‘ 0.40 ‘ 0.50 0012 ‘ 0.016 ‘ 0.020
y 0.10 0.0039
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10 REVISION HISTORY

Date Revision | Changes

Sep 6, 2011 1.00 Initial release

1. Change electrical characteristics of comparator, 22MHZ RC
oscillator, ADC and band-gap.

Oct 20, 2011 1.01 Add electrical characteristics of Flash memory

Change maximum SPI frequency as 12MHz

Fix some typos.

Fix electrical characteristics of 22MHZ RC oscillator

Modify all “1XX” description in registers and related figures.
Dec 1, 2011 1.02 ) ) ) o
Modify 33-pin QFN 5mmx5mm package outline specification.

Fix some typos.

Added the VDD rise rate specification.

Feb 9, 2012 103 Revised the minimum ADC clock frequency specification.

e e I ) B <

Revised the minimum and maximum specification of band-
gap voltage.
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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 datasheet belong to their respective owners.
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