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B Provides two channel 32-bit timers. One 8-bit pre-scale counter with 24-bit up
counter for each timer

Independent clock source for each timer

[ ]

B Provides One-shot, Periodic, Toggle and Continuous operation modes
B 24-bit up counter value is readable through TDR (Timer Data Register)
[ |

Provides trigger counting/free counting/counter reset function triggered by
external capture pin or internal comparator signal

B Provides event counter function
B Supports wake-up from Idle or Power-down mode
® WDT (Watchdog Timer)
B Multiple clock sources
B Supports wake-up from Idle or Power-down mode
B Interrupt or reset selectable on watchdog time-out
° PWM
Independent 16-bit PWM duty control units with maximum six outputs
Supports group/synchronous/independent/ complementary modes
Supports One-shot or Auto-reload mode
Supports Edge-aligned and Center-aligned type
Programmable dead-zone insertion between complementary channels
Each output has independent polarity setting control
Hardware fault brake protections
Supports duty, period, and fault break interrupts
Supports duty/period trigger ADC conversion

Timer comparing matching event trigger PWM to do phase change

Supports comparator event trigger PWM to force PWM output low for current
period

B Provides interrupt accumulation function
® UART (Universal Asynchronous Receiver/Transmitters)
One UART device
Buffered receiver and transmitter, each 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

Supports RS-485 function
®  SPI (Serial Peripheral Interface)
B One SPI devices

B Supports Master/Slave mode
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Full-duplex synchronous serial data transfer

Provides 3-wire function

Variable length of transfer data from 8 to 32 bits

MSB or LSB first data transfer

Rx latching data can be either at rising edge or at falling edge of serial clock
Tx sending data can be either at rising edge or at falling edge of serial clock
Supports Byte Suspend mode in 32-bit transmission

4-level depth FIFO buffer

[
OM

Supports 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

B Serial clock synchronization can be used as a handshake mechanism to
suspend and resume serial transfer

Programmable clocks allow for versatile rate control
Supports 7-bit addressing mode

Supports multiple address recognition (four slave addresses with mask option)

Supports Power-down wake-up function
Support FIFO function
® ADC (Analog-to-Digital Converter)
B 10-bit SAR ADC with 300K SPS
B Up to 8-ch single-end input and one internal input from band-gap

B Conversion started either by software trigger, PWM trigger, or external pin
trigger

B Supports conversion value monitoring (or comparison) for threshold voltage
detection

®  Analog Comparator
B Two analog comparators with programmable 16-level internal voltage reference
B Build-in CRV (comparator reference voltage)
B Supports Hysteresis function
B Interrupt when compared results changed
ISP (In-System Programming) and ICP (In-Circuit Programming)
BOD (Brown-out Detector)
B With 4 programmable threshold levels: 4.4V/3.7V/2.7V[2.2V
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B Supports Brown-out interrupt and reset option
96-bit unique 1D
LVR (Low Voltage Reset)
B Threshold voltage level: 2.0V
®  Operating Temperature: -40°C~105C
®  Reliability: EFT > + 4KV, ESD HBM pass 4KV
® Packages:
B Green package (RoHS)
B 48-pin LQFP (7x7), 33-pin QFN (5x5) , 33-pin QFN (4x4), 20-pin TSSOP
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION

4.1 NuMicro Mini51™ Series Selection Code

MINI5X - XX E

CPU core
ARM Cortex MO

Temperature |
E:-40°C ~+105C
C:-40°C ~+125C

Flash ROM I Version
51: 4 KB Flash ROM D: Version
52: 8 KB Flash ROM H: Version
54: 16 KB Flash ROM

Package Type

F: TSSOP20

Z: QFN 33 (5x5)
T: QFN 33 (4x4)
L: LQFP 48 (7x7)

Figure 4.1-1 NuMicro Mini51™ Series Selection Code
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q Interrupt Number
E,’\jﬁ?\?g'eorn (Bit In Interrupt [Interrupt Name I\S/I?Jl:irucli Interrupt Description Pc:l\\/lv;kr(-al?gwn
Registers) p
29 13 - - -
30 14 SPL_INT SPI SPI interrupt No
31 15 - - -
External signal interrupt from GPIO
32 16 GP5_INT GPIO group P5 except P5.2 Yes
33 17 HIRC—-E.RIM—IN HIRC HIRC trim interrupt No
34 18 12C_INT ’C I°C interrupt Yes
35~40 19~24 - - -
Analog Comparator 0 or Comparator 1
41 25 ACMP_INT ACMP interrupt Yes
42 ~ 43 26 ~ 27 - - -
a4 o8 PWRWU INT CLKC Clock controller interrupt for chip wake- Vol
- up from Power-down state
45 29 ADC_INT ADC ADC interrupt No
46 ~ 47 30~31 - - -

Table 6.2-2 System Interrupt Map Vector Table

6.2.4 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 0x00000000. 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 previous section.

Vector Table Word Offset (Bytes) Description

0x00 Initial Stack Pointer Value

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

Table 6.2-3 Vector Table Format
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Ext. CLK (HXT Or LXT) HIRC LIRC PCLK
WDT Yes No Yes Yes
Timer0 Yes Yes Yes Yes
Timerl Yes Yes Yes Yes
{o 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 6.4-1 Peripheral Clock Source Selection Table

6.45 Power-down Mode Clock

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

The clocks still kept active are listed below:
®  Clock Generator
® 10 kHz internal low speed oscillator (LIRC) clock

® 32.768 kHz external low speed crystal oscillator (LXT) clock (If PD_32K =1 and
XTLCLK_EN[1:0] =10)

®  Peripherals Clock (When 10 kHz low speed oscillator is adopted as clock source)
B Watchdog Clock
B Timer 0/1 Clock

6.4.6 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 the CKO Pin. Therefore there are 16 options of power-of-2 divided
clocks with the frequency from F;,/2" to Fin/216 where Fi, is input clock frequency to the clock
divider.

The output formula is Foy; = Fin/Z(Nﬂ), where Fj, is the input clock frequency, Fo is the clock

divider output frequency and N is the 4-bit value in FSEL (FRQDIV[3:0]).

When writing 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When writing 0
to DIVIDER_EN (FRQDIV[4]), the chained counter continuously runs till divided clock reaches low
state and stay in low state.

if DIVIDERL(FRQDIV[5]) is set to 1, the frequency divider clock (FRQDIV_CLK) will bypass
power-of-2 frequency divider. The frequency divider clock will be output to CKO pin directly.
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FRQDIV_S (CLKSEL2[3:2])
FDIV_EN (APBCLKI6])

22.1184 MHz
HIRC
11
HCLK 10 | \ FRQDIV_CLK
-
Reserved
01
4~24 MHz HXT or )
32.768 kHz LXT CE gl _ .
00 HXT =4~24 MHz external high speed crystal oscillator
LXT =32.768 kHz external low speed crystal oscillator
HIRC =22.1184 MHz internal high speed RC oscillator

Figure 6.4-6 Clock Source of Frequency Divider

DIVIDER_EN
FRQDIV[4
(FRQDIV{4]) Enable
divide-by-2 counter 16 chained r FSE/L&O
divide-by-2 counter (FRQDIV[3:0])
FRQDIV_CLK
2 | w2z | a3 | oL 1/215 | 1/216 l DIVIDER1
0007 (FRQDIV[5])
| } 000
I 1 1,]16t01
:111| MUX CKO
[E S
> \
>J

Figure 6.4-7 Block Diagram of Frequency Divider
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6.5 Analog Comparator (ACMP)

6.5.1 Overview

The NuMicro Mini51™ Series contains two comparators which can be used in a number of
different configurations. The comparator output is logic 1 when positive input greater than
negative input, otherwise the output is 0. Each comparator can be configured to generate interrupt
when the comparator output value changes.

6.5.2 Features

® Analog input voltage range: 0 ~ AVpp
®  Supports Hysteresis function

®  Optional internal reference voltage source for each comparator negative input
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6.6 Analog-to-Digital Converter (ADC)

6.6.1 Overview

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

6.6.2 Features

Analog input voltage range: 0 ~ Analog Supply Voltage from AVpp

10-bit resolution and 8-bit accuracy is guaranteed

Up to eight single-end analog input channels

300 KSPS (AVpp 4.5V - 5.5V) and 200 KSPS (AVpp 2.5V - 5.5V) 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
€ PWM trigger with optional start delay period
Each conversion result is 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 result matches the compare register setting

® Channel 7 supports 2 input sources: External analog voltage and internal fixed band-
gap voltage
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6.8 General Purpose I/O (GPIO)
6.8.1 Overview

The NuMicro Mini51™ series have up to 30 General Purpose I/O pins to be shared with other
function pins depending on the chip configuration. These 30 pins are arranged in 6 ports hamed
as 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 pin can be configured by software individually as Input, Push-pull output,
Open-drain output, or Quasi-bidirectional mode. For Quasi-bidirectional mode, each 1/0O pin is
equipped with a very weak individual pull-up resistor about 110 kQ ~ 300 kQ for Vpp is from 5.0 V
to2.5V.

6.8.2 Features

®  Four I/O modes:
Input-only with high impendence
Push-pull output

Open-drain output

L R IR R 2

Quasi-bidirectional

TTL/Schmitt trigger input mode selected by Px_MFP[23:16]

I/0O pin configured as interrupt source with edge/level setting

I/0 pin internal pull-up resistor enabled only in Quasi-bidirectional I/O mode
Enabling the pin interrupt function will also enable the pin wake-up function

High driver and high sink 1/O mode support

Configurable default I/O mode of all pins after reset by CIOINI (Config0[10]) setting
4 CIOINI =0, all GPIO pins in Quasi-bidirectional mode after chip reset
€ CIOINI = 1, all GPIO pins in Input tri-state mode after chip reset (default)
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6.9 12C Serial Interface Controller (12C)
6.9.1 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. The I°C also supports Power-down wake up function.

6.9.2 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 include:

Master/Slave mode

®  Bi-directional data transfer between masters and slaves
®  Multi-master bus
® 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

®  Built-in 14-bit time-out counter that requests the I1°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)

Supports Power-down wake-up function

Support FIFO function
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6.11 Serial Peripheral Interface (SPI)

6.11.1 Overview
The Serial Peripheral Interface (SPI) applies to synchronous serial data communication and
allows full duplex transfer. Devices communicate in Master/Slave mode with 4-wire bi-direction
interface. The 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 configured as a master or a slave device.

6.11.2 Features

. Supports Master or Slave mode operation

Configurable transfer bit length

o Provides four 32-bit FIFO buffers

. Supports MSB first or LSB first transfer
. Supports byte reorder function

. Supports byte or word suspend mode

. Supports Slave 3-wire mode
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6.13 UART Controller (UART)
6.13.1 Overview

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

6.13.2 Features

Full duplex, asynchronous communications

Separates 16-byte receive and transmitted FIFO for data payloads

Supports hardware auto flow control, flow control function (CTS, RTS) and
programmable RTS flow control trigger level

Programmable receiver buffer trigger level
Supports programmable baud-rate generator for each channel individually
Supports CTS wake-up function

Supports 8-bit receiver buffer time-out detection function

Programmable transmitting data delay time between the last stop and the next start bit
by setting DLY(UA_TOR[15:8]) register

®  Supports break error, frame error, parity error and receive/transmit buffer overflow
detection function

) Fully programmable serial-interface characteristics
B Programmable number of data bit, 5-, 6-, 7-, 8- bit character
B Programmable parity bit, even, odd, no parity or stick parity bit
B Programmable stop bit, 1, 1.5, or 2 stop bit

®  Supports IrDA SIR function mode
B Supports 3/16-bit duration for normal mode

®  Supports RS-485 function mode
B Supports RS-485 9-bit mode

B Supports hardware or software enable to program RTS pin to control RS-485
transmission direction directly
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Vbp 3.3V
oot ) 14 » mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 55V
HXT Disabled
| - > HIRC [isabled
pow ) ) K LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Vbbb 55V
HXT Disabled
Ibp1s - 225 - HA HIRC Disabled
. LIRC Enabled
Operating Current
Normal Run Mode All dlgltal Disabled
HCLK = 10 kHz modules
while(1){}
Executed from Flash Vob 3.3V
HXT Disalled
| 200 n HIRC Disabled
bt H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
A 3.3V
HXT Disabled
Ipp2o - 200 - HA HIRC Disabled
LIRC Enabled
All digital Disalled
modules
, Vop 5.5V
Operating Current
ok ldle Mode ) 21 i mA HXT 24 MHz
HCLK = 24MHz HIRC Disable
All digital Enabled
modules
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Logic 1to O
Transition Current
I P0/1/2/3/4/5 (Quasi- - -690 -750 pA  [Vpp =55V, Vin=2.0V
bidirectional Mode)
[*3]
| Input Leakage 1 ) h A Vop =5.5V, 0 < Vn< Vop
LK Current P0/1/2/3/4/5 K2 lopen-drain or input only mode
Input Low Voltage -0.3 - 0.8 Vpp =45V
Vi P0/1/2/3/4]5 (TTL \Y,
Input) -0.3 S 0.6 Vop =25V
Input High Voltage 2.0 - Vpp + 0.3 Vop =55V
ViH1 P0/1/2/3/4]5 (TTL \%
Input) 1.5 O Vpp + 0.3 Vop=3.0V
Via Input Low Voltage 0 i 0.8 V. [Voolgds v
*
] 0 - 0.4 Vop = 2.5V
v Input High Voltage 3.5 i Voo + 0.3 V. Voo =55V
IH3
XTALl[*Z] 2.4 0 Vpp + 0.3 Vop=3.0V
Negative-going
¥ Threshold 0.3 0.2V .
s (Schmitt Input), e i e i
/RESET
Positive-going
v Threshold 0.7V Vo + 0.3 v
S (Schmitt Input), R b i
/IRESET

Internal /RESETPIn ~ _
Rest Pull-up Resistor &Y 150 kQ |Vop=25V~55V

Negative-going

Vv Threshold 00 e Vv
LS (Schmitt input), e i ~=YbD i
P0/1/2/3/4/5
Positive-going
v Threshold ey Ve .
s (Schmitt input), e po ™= .
P0/1/2/3/4/5
Isr11 -300 -400 - pA [Vop=4.5V,Vs=24V
Source Current
Isr12 P0/1/2/3/4/5 (Quasi- -50 -80 - pA (Vpp=27V,Vs=22V
bidirectional Mode)
Isr13 -40 -73 - pA [Vop=25V,Vs=2.0V
Isr21 -20 -26 - mA [Vpp=45V,Vs=24V
Source Current
Isr22 P0/1/2/3/4/5 (PUSh- -3 -5 - mA |Vpp=2.7V,Vs=22V
pull Mode)
ISRZS -2.5 -5 - mA VDD =25 V, Vs =20V
Isk1 Sink Current 10 15 = mA [Vpp =45V, Vs =0.45V

P0/1/2/3/4/5 (Quasi-

Isk12 bidirectional, Open- 6 9 - mA  Vpp = 2.7V, Vs=0.45V
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9.4 Analog Characteristics

9.4.1 10-bit SARADC

Symbol |Parameter Min Typ Max Unit Test Condition
- Resolution - - 10 Bit -
DNL Differential Nonlinearity Error - -1~1.5 |-1~+25| LSB -
INL Integral Nonlinearity Error - +1 +2 LSB -
Eo Offset Error - 1 2 LSB -
Ec Gain Error (Transfer Gain) - -1 -3 LSB -
Ea Absolute Error - 3 4 LSB -
- Monotonic Guaranteed - 5
- - 4.2 AVpp =4.5~55V
Fapc ADC Clock Frequency MHz
- - 2.8 AVpp =2.5~5.5V
- - 300 kSPS AVpp =4.5~55V
Fs Sample Rate (Fapc/Tconv)
- - 200 kSPS AVpp = 2.5~5.5V
Taco Acquisition Time (Sample Stage) N+1 1/Fapc |N is sampling counter,
N=0,1,2, 4,8, 16,32, 4,
Tconv Total Conversion Time N+14 1/Fapc 128, 256,1024
AVpp Supply Voltage 2.5 - 55 \% -
lopa Supply Current (Avg.) - 600 - HA AVpp =55V
Vin Analog Input Voltage 0 - AVpp Y, -
Cin Input Capacitance - 3.2 - pF -
Rin Input Load - 6 - kQ -

Note: ADC voltage reference is same with AVpp
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10.4 20-pin TSSOP

 BHAAARAARR [

L)

I

A EEEEEEEER
1 10

TSR ;j;@
ALl = U

X
aly b o SEATING PLANE
DIMENSICN DIMENSION
STMEOL (MM (INCHD
MIN. | NOM. | MAX. | MIN. | NOM. | MAX
A - - 1m | — — | am?
a1 | ams | — | o1 |ooe | — | ome

AZ 0.30 0.2 1.0 0.051 0035 0.1
430 4.40 4.50 0.189 017 0177
HE £.40 BaC 052 E8C

=

D [ean | eso | ee0 [ozz | oz | oo
L [oso | oe | om [omo | oms | omo
L1 1.00 EEF 0.089 REF
b o|ow [ — [ oos0 [oow | — [ omz
. 065 BSC 0026 BSC
c |oos [ — [ om [ome | — [ oms
8 0" — 3 r — 3
Y 010 BASI 0,004 BASIC
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11 REVISION HISTORY

Revision Date Description
1.00 Oct. 18, 2013 Preliminary version
1.01 May 20, 2014 Supported the Mini54FHC for NuMicro Mini51 series.

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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