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1 GENERAL DESCRIPTION

The NuMicro™ Mini51 series 32-bit microcontroller is embedded with ARM® Cortex™-MO core for
industrial control 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 operate at 2.5V ~ 5.5V, -40°C ~ 105°C,
and thus can afford to support a variety of industrial control and applications which need high
CPU performance. The NuMicro™ Mini51 series offers 4K/8K/16Kbytes embedded program
flash, size configurable Data Flash (shared with program flash), 2Kbytes flash for the ISP, and
2Kbytes SRAM.

Many system level peripheral functions, such as /O Port, Timer, UART, SPI, I°C, PWM, ADC,
Watchdog Timer, Analog Comparator and Brown-out Detector, have been incorporated into the
NuMicro™ Mini51 series in order 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, which allow the user to update the program memory without
removing the chip from the actual end product.
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2 FEATURES
® Core

ARM® Cortex™-M0 core running up to 24 MHz
One 24-bit system timer

Supports Low Power Sleep mode

A single-cycle 32-bit hardware multiplier

NVIC for the 32 interrupt inputs, each with 4-level of priority

Supports Serial Wire Debug (SWD) interface and two watch points/four
breakpoints

Built-in LDO for wide operating voltage ranged: 25 Vt0 5.5V
Memory
4 KB/ 8 KB/ 16 KB Flash memory for program memory (APROM)
m  Configurable Flash memory for data memory (Data Flash)
B 2 KB Flash for loader (LDROM)
m 2 KB SRAM for internal scratch-pad RAM (SRAM)
®  Clock Control
B Programmable system clock source
€ Switch clock sources on-the-fly
B 4 ~ 24 MHz external crystal input (HXT)

32.768 kHz external crystal input (LXT) for Power-down wake-up and system
operation clock

m  22.1184 MHz internal oscillator (HIRC) (1% accuracy at 25°C, 5V)

€ Dynamically calibrating the HIRC OSC to 22.1184 MHz 1% from -40°C to
105°C by external 32.768K crystal oscillator (LXT)

B 10 kHz internal low-power oscillator (LIRC) for Watchdog Timer and Power-
down wake-up

® |/O Port
B Upto 30 general-purpose I/0O (GPIO) pins for LQFP-48 package
®  Four I/O modes:
€ Input-only with high impendence
€  Push-pull output
¢ Open-drain output
€ Quasi-bidirectional

B TTL/Schmitt trigger input selectable
B |/O pin can be configured as interrupt source with edge/level setting
B Supports high driver and high sink I/O mode
B Configurable default /O mode of all pins after POR
® Timer

B Provides two channel 32-bit timers. One 8-bit pre-scale counter with 24-bit up
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counter for each timer
Independent clock source for each timer
Provides One-shot, Periodic, Toggle and Continuous operation modes

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
e 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)
One SPI devices

B Supports Master/Slave mode
B Full-duplex synchronous serial data transfer
B Provides 3-wire function
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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

[ ]
o
(@]

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

B 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)

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
B Supports Brown-out interrupt and reset option
96-bit unique ID
LVR (Low Voltage Reset)
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B Threshold voltage level: 2.0V

Operating Temperature: -40°C~105°C

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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3 ABBREVIATIONS

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AHB Advanced High-Performance Bus

APB Advanced Peripheral Bus

BOD Brown-out Detection

DAP Debug Access Port

FIFO First In, First Out

FMC Flash Memory Controller

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC 22.1184 MHz Internal High Speed RC Oscillator
HXT 4~24 MHz External High Speed Crystal Oscillator
ICP In Circuit Programming

ISP In System Programming

ISR Interrupt Service Routine

LDO Low Dropout Regulator

LIRC 10 kHz internal low speed RC oscillator (LIRC)
LXT 32.768 kHz External Low Speed Crystal Oscillator
NVIC Nested Vectored Interrupt Controller

PCLK The Clock of Advanced Peripheral Bus

PWM Pulse Width Modulation

SPI Serial Peripheral Interface

SPS Samples per Second

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
ucCiD Unique Customer ID

WDT Watchdog Timer

Table 4.1-1 List of Abbreviations
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION

4.1 NuMicro™ Mini51 Series Selection Code

MINI5X - XXE

CPU core

ARM Cortex MO Temperature

E:-40°C ~ +105C
C:-407C ~ +125C

Flash ROM Version
51: 4 KB Flash ROM D: Vers!on
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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4.2 NuMicro™ Mini51 Series Product Selection Guide

Part Connectivity
N
o
M
[ ISP ISP [ IRC
N| APROM | RAM | Data Flash | Loader | 1/O | Timer Comp. |PWM| ADC ICP | 22.1184 | Package
[ ROM UART | SPI | I’C IAP | MHz
5
1
F
D
E
MINISTFDE | 4KB |2 KB | Configurable | 2 KB “’1’7‘0 322_Xbit 1 1|1 - 3 | axtobit| v v TSSOP20
MINISILDE | 4KB |2KB | Configurable | 2KB “280 sz%éit 1 111 2 6 | 8x10-bit [ v v LQFP48
' upto| 2x i QFN33
MINI51ZDE | 4 KB |2 KB | Configurable | 2 KB 59 | 30-bit 1 1 1 2 6 8x10-bit | v v (5x5)
) upto| 2x i QFN33
MINIS1TDE | 4 KB |2 KB | Configurable | 2 KB 59 | 30pit 1 1 1 2 6 | 8x10-bit | v v (4x4)
MINI52FDE | 8KB |2 KB | Configurable | 2 KB “‘1’7‘0 322_)t‘)it 1 11 = 3 | 4x10-bit [ v v TSSOP20
MINI52LDE | 8KB |2 KB | Configurable | 2 KB “gg° 322-)1()it 1 1 11| 2 6 | 8x10-bit [ v v LQFP48
) upto| 2x o QFN33
MINI52ZDE | 8KB [2KB | Configurable [ 2KB |“55%| 0% | 1 11| 2 6 |8x1o-bit| v v (5:5)
g upto| 2x i QFN33
MINIS2TDE | 8 KB |2 KB | Configurable | 2 KB 59 | 30.bit 1 1 1 2 6 8x10-bit | v \% (4x4)
MINI5S4FDE | 16 KB |2 KB | Configurable | 2 KB “?;0 322_>éit 1 111 - 3 | 4x10-bit [ v v TSSOP20
MINISALDE | 16 KB |2 KB | Configurable | 2KB “géo 322_Xbit 1 1]11] 2 6 |8xio-bit| v v LQFP48
) upto| 2x i QFN33
MINIS4ZDE | 16 KB |2 KB | Configurable [ 2KB [P J%. | 1 111 2 6 | 8x10-bit [ v v (5:5)
' upto| 2x o QFN33
MINIS4TDE | 16 KB [2 KB | Configurable [ 2KB |“55%| 0% | 1 11| 2 6 | 8x10-bit [ v v 4x4)
*MINIS4FHC | 16 KB |2 KB | Configurable | 2 KB “5’7‘0 322_?)” 1 111 - 6 | 3x10-bit [ v v TSSOP20

Table 4.2-1NuMicro™ Mini51 Series Product Selection Guide

* Mini54FHC is a special part number, not pin to pin compatible to others Mini51series part number.
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4.3 PIN CONFIGURATION

431 LQFP 48-pin

3
[0}
=
3 2 338 %
5 23 g
o -
S g < R R
z 2 7 o =
> = n = > 53 3
sz x Z z 92 o
> [ < - o 5 &
> ®» 33T Z -3 . . 3 3
(¢} EN w D o 8 g w o ¢} o -
(I e rr i
S » S » S » » » S w @wW w
© ~ (o2} o & w n - o © © ~
N1 @ 36 | |NC
ACMPO_P, AIN5, P1.5 [ | 2 35 || P0.4, SPISS,PWMS
/RESET [_| 3 34 |_] P0.5, MOSI
ACMP1_N, AIN6, P3.0 [_| 4 33 [_] Po.6, MISO
AVss[ | 5 32 | | P0.7, SPICLK
P54 6 Mini51 a1 [ Jne
ACMP1_P, AIN7,P3.1 | 7 LQFP 48-pin 30 |_] P4.7, ICE_DAT
ACMP1_P, TOEX, STADC, INTO, [ g 29 [] Pas, ICE_CLK
P3.2 6, ICE_
ACMP1_P, SDA, T0,P3.4 [_| 9 28 | _|NC
ACMP1_P, SCL, T1,P3.5 [ | 10 27 [ NC
NC[] 11 26 || P2.6, PWM4, ACMP1_O
NG[ | 12 25 | ] P2.5, PWM3
& 2 & » I ®» © 8 X B 8 R
OO o o
8§33 & § § & 3 5 38 8 8
O> = & © u b poowos
= X X Q) = T T T
a = > > = £ £ =
x 5 B £ £ 2
> S = N
Q
=
3
o

Figure 4.3-1 NuMicro™ Mini51 Series LQFP 48-pin Diagram
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4.3.2 QFN 33-pin

> >
o O
> £ 3 » @
o & 383 o o
£ I < 92}
T W U T %
S 9 3 ° 4 3
z X X g x X
> > > > > 9 3
=z P4 =z b = n 92]
¥ 5 85 = & 5 3
T2 <233
> » b o 8§ @ o o
QR = 1 ) | | e
ACMPO_P,AIN5, P15 | 1 | |24 P0.4, SPISS,PWMS5
/RESET [ 2 | |23 P0.5, MOSI
ACMP1_N,AIN6, P3.0 | 3 | |22 P0.6, MISO
P5.4 | 4 | Mini51 |21 P0.7, SPICLK
ACMP1_P,AIN7,P3.1 [ 5 ] QFN 33-pin [20] P47, ICE_DAT
ACMP1_P
_P, P4.6, ICE_CLK
TOEX,STADC,INTO, P3.2 zl E 6.1CEC
ACMP1_P, SDA, T0,P3.4 | 7 | | 18| P2.6, PWM4,ACMP1_O
ACMP1_P, SCL,T1,P35 | 8 | 33 Vss | 17| P2.5, PWM3
1A
OV T ne < n 0 0 0
Xw o g g a N NN
Oo = o IS GRS
4 x X Z W W T
m = > 3 2 2 =
x i £ = £ =
> o - N
o
<
) Top Transparent View

Figure 4.3-2 NuMicro™ Mini51 Series QFN 33-pin Diagram
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4.3.3 TSSOP 20-pin

RXAIN2PI2[ T | "  [20]Voo
TX,AIN3,P1.3[ 2] | 19 ]P0.4,SPISS,PWM5
AIN4,P1.4[ 3] | 18 ]P0.5,MOSI
AIN5PL5[ 4 | MiniS1 [17]po.6MISO
/RESET[ 5| SSOP [16]P0.7,SPICLK
INTO,TOEX,STADC,P3.2[ 6 | 2(0-Pin [ 15]P4.7JCE_DAT
TO,SDA,P3.4[ 7 | [ 14 |P4.6,ICE_CLK
T1,SCL,P3.5[ 8] | 13 ]P2.5,PWM3
XTAL2,P5.1[ 9 [ 12 |P2.4,PWM2
XTALIL,P5.0[ 10 | [ 11 ] Vss

Figure 4.3-3 NuMicro™ Mini51 Series TSSOP 20-pin Diagram

4.3.4 Mini54FHC (TSSOP20-pin)

Voo I | " [20 ]P0.4,SPISS,PWMS5
RX,AIN2,P1.2[ 2 ] [ 19 ]P0.5,MOSI
TX,AIN3,P1.3[ 3] | 18 ]P0.6,MISO
AIN4,P1.4[ 4 |Mini54FHC/ 17 ]P0.7,SPICLK
/RESET[ 5 | SSOP  [16 ]P4.7,JCE_DAT
INTO,TOEX.STADC,P3.2[ 6 | 20-pin  [15P4.6ICE_CLK
TO,SDA,P3.4[ 7 ] 14 |P2.6,PWM4
T1,SCL,P3.5[ 8 | 13 |P2.5,PWM3
vSS[ 9 ] 12 |P2.4,PWM2
PWMO,P2.2[ 10 11 |P2.3,PWMI

Apr 21, 2020

Figure 4.3-4 NuMicro™ Mini51 Series TSSOP 20-pin Diagram
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4.4 Pin Description

Pin Number
LQFP QFN | Tssop I\_Il!lsrlsl504:2I-IOC Pin Name | Pin Type Description
48-pin | 33-pin | 20-pin -
pin
1 NC Not connected
P1.5 /0 General purpose digital I/O pin
2 1 4 AIN5 Al ADC analog input pin
ACMPO_P 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
22.1184 MHz while the system clock is running will reset
the device. /RESET pin has an internal pull-up resistor
3 2 5 S /RESET I(ST) allowing power-on reset by simply connecting an external
capacitor to GND.
Note: It is recommended to use 10 kQ pull-up resistor and
10 uF capacitor on /RESET pin.
P3.0 /0 General purpose digital I/0 pin
4 3 AIN6 Al ADC analog input pin
ACMP1_N Al Analog comparator negative input pin
5 AVsg AP Ground pin for analog circuit
6 4 P5.4 /0 General purpose digital I/O pin
P3.1 /0 General purpose digital I/O pin
7 5 AIN7 Al ADC analog input pin
ACMP1_P Al Analog comparator positive input pin
P3.2 /0 General purpose digital 1/0 pin
INTO | External interrupt O input pin
8 6 6 6 STADC | ADC external trigger input pin
TOEX | Timer 0 external capture/reset trigger input pin
ACMP1_P Al Analog comparator positive input pin
P3.4 /0 General purpose digital I/0 pin
TO /10 Timer 0 external event counter input pin
9 7 7 7
SDA /O  |I’C data I/O pin
ACMP1_P Al Analog comparator positive input pin
P3.5 /0 General purpose digital I/O pin
T1 1/0 Timer 1 external event counter input pin
10 8 8 8
SCL 10 |I’C clock I/O pin
ACMP1_P Al Analog comparator positive input pin
11 NC Not connected.
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Pin Number
LQFP QFN | Tssop I\_Il!gsli;lgzl-:)c Pin Name | Pin Type Description
48-pin | 33-pin | 20-pin -
pin
12 NC Not connected.
13 - - NC Not connected.
P3.6 /0 General purpose digital I/O pin.
ACMPO_O o Analog comparator output pin.
14 9
CKO (o} Frequency divider output pin.
T1EX | Timer 1 external capture/reset trigger input pin.
P5.1 /0 General purpose digital /O pin.
15 10 ° XTAL2 0 The output pin from the internal inverting amplifier. It emits
the inverted signal of XTAL1.
P5.0 /0 General purpose digital /O pin.
16 1 10 The input pin to the internal inverting amplifier. The system
XTAL1 |
clock could be from external crystal or resonator.
12
17 11 9 Vss P Ground pin for digital circuit.
33
18 LDO_CAP P LDO output pin.
General purpose digital 1/0 pin.
19 P5.5 VO [User program must enable pull-up resistor in the QFN-33
package.
P5.2 /0 General purpose digital 1/0 pin.
20 13
INT1 | External interrupt 1 input pin.
21 NC Not connected.
P2.2 /0 General purpose digital /O pin.
22 14 10
PWMO o PWMO output of PWM unit.
P2.3 /0 General purpose digital I/O pin.
23 15 11
PWM1 o PWMT1 output of PWM unit.
P2.4 /10 General purpose input/output digital pin.
24 16 12 12
PWM2 (0] PWM2 output of PWM unit.
P2.5 /0 General purpose digital 1/0 pin.
25 17 13 13
PWM3 o PWM3 output of PWM unit.
P2.6 /0 General purpose digital 1/0 pin.
26 18 14 PWM4 o PWM4 output of PWM unit.
ACMP1_0O (0] Analog comparator output pin.
27 NC Not connected.
28 NC Not connected.
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Pin Number
LQFP QFN | Tssop I\_Il!gsli;lgzl-:)c Pin Name | Pin Type Description
48-pin | 33-pin | 20-pin -
pin
P4.6 110 General purpose digital 1/0 pin.
29 19 14 15 Serial wired debugger clock pin.
ICE_CLK | Note: It is recommended to use 100 kQ pull-up resistor on
ICE_CLK pin.
P4.7 110 General purpose digital 1/0 pin.
30 20 15 16 Serial wired debugger data pin.
ICE_DAT /O  [Note: It is recommended to use 100 kQ pull-up resistor on
ICE_DAT pin.
31 NC Not connected.
P0.7 /0 General purpose digital /O pin.
32 21 16 17
SPICLK /0 SPI serial clock pin.
P0.6 /0 General purpose digital 1/0 pin.
33 22 17 18
MISO /0 SPI MISO (master in/slave out) pin.
P0.5 /0 General purpose digital /O pin.
34 23 18 19
MOSI o SPI MOSI (master out/slave in) pin.
P0.4 /0 General purpose digital I/O pin.
35 24 19 20 SPISS /0 SPI slave select pin.
PWM5 (o} PWMS5 output of PWM unit.
36 NC Not connected.
PO.1 /0 General purpose digital /O pin.
RTSn o UART RTS pin.
37 25
RX | UART data receiver input pin.
SPISS /0 SPI slave select pin.
P0.0 /0 General purpose digital I/O pin.
38 26 CTSn | UART CTS pin.
X (0] UART transmitter output pin.
39 NC Not connected.
40 NC Not connected.
P5.3 /0 General purpose digital /O pin.
41 27
AINO Al ADC analog input pin.
42 Vop P Power supply for digital circuit.
28 20 1
43 AVpp P Power supply for analog circuit.
P1.0 /0 General purpose digital 1/0 pin.
44 29
AIN1 Al ADC analog input pin.
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Pin Number
LQFP aFN | Tssop ¥;13I504F|’:2|-(IJC Pin Name | Pin Type Description
48-pin | 33-pin | 20-pin -
pin
ACMPO_P Al Analog comparator positive input pin.
P1.2 110 General purpose digital 1/0 pin.
AIN2 Al ADC analog input pin.
45 30 1 2
RX | UART data receiver input pin.
ACMPO_P Al Analog comparator positive input pin.
P1.3 /0 General purpose digital 1/0 pin.
AIN3 Al ADC analog input pin.
46 31 2 3
X o UART transmitter output pin.
ACMPO_P Al Analog comparator positive input pin.
P1.4 /0 General purpose digital /O pin.
47 32 3 4 AIN4 /0 PWMS5: PWM output/Capture input.
ACMPO_N Al Analog comparator negative input pin.
48 - - NC Not connected.

[1] /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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5 BLOCK DIAGRAM

5.1 NuMicro™ Mini51 Block Diagram

Figure 5.1-1 NuMicro™ Mini51 Series Block Diagram
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6 FUNCTIONAL DESCRIPTION

6.1 ARM® Cortex™-MO core

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.
The following figure shows the functional controller of the processor.

Cortex-MO components
Cortex-M0 processor Debug
Interrupts Nested .
P vVectored Cortex-M0 Breakzomt
an
»| Interrupt [ €E—p < » .
ControIIF:-;r Processor Watchpoint
core unit
(NVIC)
\ A 4 A A A
Wakeup v v
Interrupt Debu
Controller | Busmatrix | o | Debugger | | | , =8
(wIC) ” - 7”1 interface | »
A (DAP)
A
\/ \ 4
AHB-Lite interface Serial Wire or
JTAG debug port

Figure 6.1-1 Functional Block Diagram

Features
® Alow gate count processor
ARMvV6-M Thumb® instruction set
Thumb-2 technology
ARMv6-M compliant 24-bit SysTick timer
A 32-bit hardware multiplier
System interface supported with little-endian data accesses

Ability to have deterministic, fixed-latency, interrupt handling

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

B C Application Binary Interface compliant exception model:

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

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

® NVIC

B 32 external interrupt inputs, each with four levels of priority
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B Dedicated Non-maskable Interrupt (NMI) input
Supports for both level-sensitive and pulse-sensitive interrupt lines

B Supports Wake-up Interrupt Controller (WIC) and, providing Ultra-low Power Idle
mode

® Debug support
B Four hardware breakpoints
B Two watch points
B Program Counter Sampling Register (PCSR) for non-intrusive code profiling
B Single step and vector catch capabilities
® Bus interfaces

B Single 32-bit AMBA-3 AHB-Lite system interface that provides simple integration
to all system peripherals and memory

B Single 32-bit slave port that supports the DAP (Debug Access Port)
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6.2 System Manager
6.2.1 Overview

System management includes the following sections:
®  System Reset
®  System Power Architecture
®  System Memory Map
°

System management registers for Part Number ID, chip reset and on-chip controllers
reset, and multi-functional pin control

System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)
System Control registers
6.2.2 System Reset
The system reset can be included by one of the following listed events. For these reset events
flags can be read by RSTSRC register.
Power-On Reset (POR)
Low level on the Reset Pin (/RESET)
Watchdog Timer Time-out Reset (WDT)
Brown-out Detector Reset (BOD)
Cortex™-M0 MCU Reset
CPU Reset

6.2.3 System Power Architecture

In this chip, the power distribution is divided into three segments.

®  Analog power from AVpp and AVgs provides the power for analog components
operation. AVpp must be equal to Vpp to avoid leakage current.

® Digital power from Vpp and Vss supplies power to the I/0O pins and internal regulator
which provides a fixed 1.8V power for digital operation.

®  Build-in a 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. Analog power (AVpp) should be the same voltage level
as the digital power (Vop). The following figure shows the power distribution of the Mini51™DE
series.
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Analog Comparator
AVop - 10-bit
SAR-ADC
AV Low Brown
S8 Rt Voltage Out
Reset Detector
Internal

FLASH Digital Logic 22.1184 MHz and
10 kHz Oscillator

-
T [ ]LDO_CAP
1.8V I
POR18
5Vto 1.8V r ,
LDO 10 cell .| GPIO Pins
A
-
Vop Vss

Mini51™ Series Power Distribution

Figure 6.2-1 NuMicro™ Mini51 Series Power Architecture Diagram
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6.2.4 Whole System Memory Mapping

Mini51/52/54 System Control
4 GB OxXFFFF_FFFF System Control OxXEOOO_EDO0O |SCS_BA
Reserved | External Interrupt Control OxEOOO_E100 |[SCS_BA
OxXEOOO0_FO000 System Timer Control OxXEOOO_EO010 |SCS_BA
OxXEOOO_EFFF
System Control
OxEOO0O0_EOO00
OxEOOO_EOOF
Reserved |
0x6002_0000
0x6001_FFFF
Reserved
0x6000_0000
Ox5FFF_FFFF
Reserved |
0x5020_0000 AHB peripherals
AHB Ox501F_FFFF FMC 0x5000_CO000 |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) |0x0000_1FFF
0x0000_OFFF
4 KB on-chip Flash (Mini51)
0 GB 0x0000_0000
Table 6.2-1 Memory Mapping Table
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6.2.5 System Memory Map

The NuMicro™ Mini51 series provides 4G-byte addressing space. The addressing space
assigned to each on-chip controllers is shown the following table. The detailed register definition,
addressing space, and programming details will be described in the following sections for each
on-chip peripheral. The NuMicro™ Mini51 series only supports little-endian data format.

The memory locations assigned to each on-chip controllers are shown in the following table.

Addressing Space Token Modules

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 Modules Space (0x5000_0000 — 0x501F_FFFF)

0x5000_0000 — 0x5000_01FF GCR_BA System Gilobal 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 (P0~P5) Control Registers
0x5000_C000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers

APB Modules Space (0x4000_0000 — 0x401F_FFFF)

0x4000_4000 — 0x4000_7FFF WDT_BA Watchdog Timer Control Registers

0x4001_0000 — 0x4001_3FFF TMR_BA Timer0/Timer1 Control Registers

0x4002_0000 — 0x4002_3FFF 12C_BA I°C Interface Control Registers

0x4003_0000 — 0x4003_3FFF SPI_BA SPI with Master/slave Function Control Registers
0x4004_0000 — 0x4004_3FFF PWM_BA PWM Control Registers

0x4005_0000 — 0x4005_3FFF UART_BA UART Control Registers

0x400D_0000 — 0x400D_3FFF ACMP_BA Analog Comparator Control Registers
0x400E_0000 — 0x400E_3FFF ADC_BA Analog-Digital-Converter (ADC) Control Registers

System Control Space (0xE000_E000 — 0xE000_EFFF)

0xE000_E010 — OXE000_EOFF SCS_BA System Timer Control Registers
0xE000_E100 — 0xE000_ECFF SCS_BA Nested Vectored Interrupt Control Registers
0xE000_EDOO — 0xE000_ED8F SCB_BA System Control Block Registers

Table 6.2-2 Address Space Assignments for On-Chip Modules
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6.2.6 System Timer (SysTick)

The Cortex™-MO0 includes an integrated system timer, SysTick, which provides a simple, 24-bit
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The
counter can be used as a Real Time Operating System (RTOS) tick timer or as a simple counter.

When system timer is enabled, it will count down from the value in the SysTick Current Value
Register (SYST_CVR) to zero, and reload (wrap) to the value in the SysTick Reload Value
Register (SYST_RVR) on the next clock edge, and then decrement on subsequent clocks. When
the counter transitions to zero, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on
reads.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to
zero before enabling the feature. This ensures the timer to count from the SYST_RVR value
rather than an arbitrary value when it is enabled.

If the SYST_RVR is zero, the timer will be maintained with a current value of zero after it is
reloaded with this value. This mechanism can be used to disable the feature independently from
the timer enable bit.

For more detailed information, please refer to the “ARM® Cortex™-MO0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.
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6.2.7 Nested Vectored Interrupt Controller (NVIC)

6.2.7.1 Overview

The Cortex™-M0 CPU provides an interrupt controller as an integral part of the exception mode,
named as “Nested Vectored Interrupt Controller (NVIC)”, which is closely coupled to the
processor core and provides following features.
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The Cortex ™-MO status and operating mode control are managed System Control Registers.
Including CPUID, Cortex ™-MO interrupt priority and Cortex™-M0 power management can be
controlled through these system control registers.

For more detailed information, please refer to the “ARM® Cortex™-MO0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

6.2.8.1 System Control Block Register Map

R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value
SCS Base Address:

SCS_BA = 0xE000_E000

CPUID SCS_BA+0xD00 |R CPUID Register 0x410C_C200
ICSR SCS_BA+0xD04 |R/W |[Interrupt Control State Register 0x0000_0000
AIRCR SCS_BA+0xDOC |R/W [Application Interrupt and Reset Control Register 0xFA05_0000
SCR SCS_BA+0xD10 |[R/W |System Control Register 0x0000_0000
SHPR2 SCS_BA+0xD1C |R/W |System Handler Priority Register 2 0x0000_0000
SHPR3 SCS_BA+0xD20 |R/W |System Handler Priority Register 3 0x0000_0000
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6.3 Clock Controller
6.3.1 Overview

The clock controller generates 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 clock divider. The chip enters
Power-down mode when Cortex™-MO core executes the WFI instruction only if the
PWR_DOWN_EN (PWRCONJ7]) bit and PD_WAIT_CPU (PWRCONI8]) bit are both set to 1.
After that, chip enters Power-down mode and waits for wake-up interrupt source triggered to exit
Power-down mode. In Power-down mode, the clock controller turns off the 4~24 MHz external
high speed crystal (HXT) and 22.1184 MHz internal high speed RC oscillator (HIRC) to reduce
the overall system power consumption. The following figures show the clock generator and the
overview of the clock source control.

The clock generator consists of 3 sources as listed below:

® 4~24 MHz external high speed crystal oscillator (HXT) or 32.768 kHz (LXT) external
low speed crystal oscillator

® 221184 MHz internal high speed RC oscillator (HIRC)
® 10 kHz internal low speed RC oscillator (LIRC)

XTLCLK_EN (PWRCON([1:0])

XTALA t 4~24 MHz HXT HXT or LXT
or -
XTAL2 | 32.768 kHz LXT

0SC22M_EN (PWRCON[2])

22.1184 MHz HIRC ‘
HIRC

\

0OSC10K_EN(PWRCON[3])

10 kHz LIRC N
LIRC o

Legend:

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
LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-1 Clock Generator Block Diagram
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6.3.2 System Clock and SysTick Clock

The system clock has three clock sources which are generated from clock generator block. The
clock source switches depending on the register HCLK_S (CLKSELO[2:0]). The block diagram is

shown below.
HCLK_S (CLKSELO[2:0])
22.1184 MHz i
HIRC 11
10 kHz LIRC 011
CPUCLK
—CPUCLK Gy
Reserved
010 > HCLK
1/(HCLK_N+1) > AHB |
Reserved 001 o
—> .
32.768 kHz LXT » 000
CPU in Power Down Mode
Legend:
HXT = 4~24 MHz external high speed crystal oscillator
HIRC =22.1184 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator
Note: Before clock switching, both the pre-selected and newly selected clock sources must be turned on and stable.

Figure 6.3-2 System Clock Block Diagram

The clock source of SysTick in Cortex "-MO core can use CPU clock or external clock
(SYST_CSRI2]). If using external clock, the SysTick clock (STCLK) has 4 clock sources. The
clock source switches depending on the setting of the register STCLK_S (CLKSELO[5:3]). The
block diagram is shown below.

STCLK_S (CLKSELO[5:3])
22.1184 MHz ,r

HIRC [ 11
HCLK
4~24 Mz FXT o L_1/2_—>{011

68 kHz LX 1/2 010 STOLK,
Reserved 001
4~24 MHz HXT or »
32.768 kHz LXT » 000
Legend:

HXT = 4~24 MHz external high speed crystal oscillator
HIRC = 22.1184 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

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

Figure 6.3-3 SysTick Clock Control Block Diagram
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6.3.3 ISP Clock Source Selection

The clock source of ISP is from AHB clock (HCLK). Please refer to the register AHBCLK.

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

Figure 6.3-4 AHB Clock Source for HCLK

6.3.4 Module 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 6.3.8.

PCLK - .
WDT_EN (APBCLK[0]) _ Watch Dog Timer

TMRO_EN (APBCLK(2]) - }
TMR1_EN (APBCLK([3]) j—’

FDIV_EN (APBCLK]6]) j—’
12C_EN (APBCLKIS8]) - j—’

SPI_EN (APBCLK[12]) :}

UART_EN (APBCLK[16]) :3—’

PWMO1_EN (APBCLK[20])
PWM23_EN (APBCLK([21]) o }
PWM45_EN (APBCLK([22]) i
ADC_EN (APBCLK[28]) :}
CMP_EN (APBCLK[30]) -

Figure 6.3-5 Peripherals Clock Source Selection for PCLK

Ext. CLK (HXT Or LXT) HIRC LIRC PCLK
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WDT Yes No Yes Yes
Timer0 Yes Yes Yes Yes
Timer1 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 6.3-1 Peripheral Clock Source Selection Table

6.3.5 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
®  Timer 0/1 Clock

6.3.6 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 F./2'® where Fi, is input clock frequency to the clock
divider.

The output formula is Foy = Fi/2™", where F;, is the input clock frequency, F, 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 DIVIDER1(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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Legend:

22.1184 MHz

HIRC

» 11

HCLK

C 10
R

eserved > 01
4~24 MHz HXT or
32.768 kHz LXT 00

FRQDIV_S (CLKSEL2[3:2])

FDIV_EN (APBCLK(6])

A 4

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

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

\ FRQDIV_CLK

Figure 6.3-6 Clock Source of Frequency Divider

DIVIDER_EN
(FRODIV4)
divide-by-2 counter 16 chained FSEL
divide-by-2 counter (FRQDIV[3:0)
FRQDIV_CLK
= 12 | 1722 | 128 | L. 1/215 | 1/216 i FDF'K\SBFVR;
‘ ‘ =000 ( [51)
| 1909,
L1y 16t01
Fi19 1] MUX CKO
Ltg1]
L2
j P
Figure 6.3-7 Block Diagram of Frequency Divider
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6.4 Flash Memory Controller (FMC)
6.4.1 Overview

The NuMicro Mini51™ series is equipped with 4K/8K/16K bytes on chip embedded flash memory
for application program (APROM) that can be updated through ISP procedure. In-System-
Programming (ISP) and In-Application-Programming (IAP) enable user to update program
memory when chip is soldered on PCB. After chip power on Cortex'"-M0 CPU fetches code from
APROM or LDROM decided by boot select (CBS) in CONFIGO. By the way, the NuMicro Mini51™
series also provides Data Flash region that is shared with APROM and its start address is
configurable and defined by user in CONFIG1.

6.4.2 Features

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

2 Kbytes in system programming (ISP) loader program memory (LDROM)
Programmable Data Flash start address

All embedded flash memory supports 512 bytes page erase

In System Program (ISP)/In Application Program (IAP) to update on chip flash memory
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6.5 General Purpose I/0 (GPIO)
6.5.1 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 named
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 1/0O 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 I/O 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.

6.5.2 Features

®  Four I/O modes:

Input-only with high impendence
Push-pull output

Open-drain output

L K IR R 4

Quasi-bidirectionall

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

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

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

High driver and high sink 1/0 mode support

Configurable default /0 mode of all pins after reset by CIOINI (Config0[10]) setting
€4 CIOINI =0, all GPIO pins in Quasi-bidirectional mode after chip reset
€4 CIOINI = 1, all GPIO pins in Input tri-state mode after chip reset (default)
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6.6 Timer Controller (TMR)
6.6.1 Overview

The Timer Controller includes two 32-bit timers, TIMERO ~ TIMER1, allowing user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, delay timing, clock generation, and event counting by external input pins, and
interval measurement by external capture pins.

6.6.2 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 four timer counting modes: one-shot, periodic, toggle and continuous
counting

® 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
24-bit up counter value is readable through TDR (Timer Data Register)

Supports event counting function to count the event from external pin (TO, T1)

24-bit capture value is readable through TCAP (Timer Capture Data Register)
Supports external capture pin (TOEX, T1EX) for interval measurement

Supports internal signal (CPOO0, CPO1) for interval measurement

Supports external capture pin (TOEX, T1EX) to reset 24-bit up counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is
generated
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6.7 Enhanced PWM Generator
6.7.1 Overview

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

Every complementary PWM pairs share one 8-bit prescaler. There are six clock dividers providing
five divided frequencies (1, 1/2, 1/4, 1/8, 1/16) for each channel. Each PWM output has
independent 16-bit counter for PWM period control, and 16-bit comparators for PWM duty control.
The six PWM generators provide twelve independent PWM interrupt flags which are set by
hardware when the corresponding PWM period counter comparison matched period and duty.
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.

To prevent PWM driving output pin with unsteady waveform, the 16-bit period down counter and
16-bit comparator are implemented with double buffer. When user writes data to
counter/comparator buffer registers, the updated value will be loaded into the 16-bit down
counter/ comparator at the end of current period. The double buffering feature avoids glitch at
PWM outputs.

Besides PWM, Motor controlling also need Timer, ACMP and ADC to work together. In order to
control motor more precisely, we provide some registers that not only configure PWM but also
Timer, ADC and ACMP, by doing so, it can save more CPU time and control motor with ease
especially in BLDC.

6.7.2 Features

The PWM unit supports the following features:
® Independent 16-bit PWM duty control units with maximum six port pins:

B Six independent PWM outputs — PWMO0, PWM1, PWM2, PWM3, PWM4, and
PWM5

B Three 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)

B Three synchronous PWM pairs, with each pin in a pair in-phase — (PWMO,
PWM1), (PWM2, PWM3) and (PWM4, PWM5)

®  Group control bit — PWM2 and PWM4 are synchronized with PWMO0, PWM3 and
PWMS5 are synchronized with PWM1

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 PWMO0 to PWM5 has independent polarity setting control

Hardware fault brake protections

B Two Interrupt source types:
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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 or CPO1
¢ BKP1: EINT1 or CPOO

® The PWM signals before polarity control stage are defined in the view of positive

logic. The PWM ports is active high or active low are controlled by polarity control
register.

®  Supports independently rising CMR matching (in Center-aligned mode), CNR

matching (in Center-aligned mode), falling CMR matching, period matching to trigger
ADC conversion

®  Timer comparing matching event trigger PWM to do phase change in BLDC
application

®  Supports ACMP output event trigger PWM to force PWM output at most one period
low, this feature is usually for step motor control

®  Provides interrupt accumulation function
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Figure 6.7-1 Application Circuit Diagram
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6.8 Watchdog Timer (WDT)

6.8.1 Overview

The purpose of Watchdog Timer is to perform a system reset when system runs into an unknown
state. This prevents system from hanging for an infinite period of time. Besides, this Watchdog
Timer supports the function to wake-up system from Idle/Power-down mode.

6.8.2 Features

18-bit free running up counter for Watchdog Timer time-out interval

Selectable time-out interval (2* ~ 2'®) WDT_CLK cycle and the time-out interval period is
104 ms ~ 26.3168 s if WDT_CLK = 10 kHz

System kept in reset state for a period of (1 /WDT_CLK) * 63

Supports Watchdog Timer time-out wake-up function only if WDT clock source is selected
as 10 kHz
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6.9 UART Controller (UART)
6.9.1 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.

6.9.2 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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6.10 I°C Serial Interface Controller (1°C)
6.10.1 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.

6.10.2 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 ime-out counter that requests the I°C interrupt if the I°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

Apr 21, 2020 Page 44 of 71 Rev 1.04



NnuvoTonN Mini51
=

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

o Supports Master or Slave mode operation
o Configurable transfer bit length

. Provides four 32-bit FIFO buffers

o Supports MSB first or LSB first transfer

o Supports byte reorder function

. Supports byte or word suspend mode

o Supports Slave 3-wire mode
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6.12 Analog-to-Digital Converter (ADC)
6.12.1 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.

6.12.2 Features

®  Analog input voltage range: 0 ~ Analog Supply Voltage from AVpp
®  10-bit resolution and 8-bit accuracy is guaranteed
®  Upto 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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6.13 Analog Comparator (ACMP)

6.13.1 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.

6.13.2 Features

®  Analog input voltage range: 0 ~ AVpp

®  Supports Hysteresis function

®  Optional internal reference voltage source for each comparator negative input
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7 APPLICATION CIRCUIT

DvCC

AVCC {
AV SPI_SS cs v i
O ® SPI_CLK CLK * SPI Device
pvcc 3FB SPI_MISO MISO
Power Voo SPI_MOSI MOSI Ves
0.1uF —( 0.1uF
Vss =
FB
- AVss
J7 D<VPCC
100K | [100K
pvee pvee
° V
SWD N ICE_DAT O
. ICE_CLK
Interface e nRESET a7k[] a7k
[ Vss
.. LK
2p Mini5xxDE 12C_scL o |© Voo 2C Device
XT1_IN
- LQFP48 12C_SDA DIO —
4~24 MHz Vss
[E—
Crystal 20 | eyl =
XT1_OUT
N DVCC
Reset 1OKE RS232 Transceiver PC COM Port
Circuit
i nRESET UART_RXD |—{ROUT RIN UART
4 TOuF28V=S UART_TXD |—TIN  TOUT
jli LDO_CAP
1uF ——
LDO

Note 1: For the SPI device, the Mini51 series supply voltage must be equal to SPI device working
voltage. For example, when the SPI Flash working voltage is 3.3 V, the Mini51 series supply voltage
must also be 3.3V.

Note 2: It is recommended to use 100 kQ pull-up resistor on both ICE_DAT and ICE_CLK pin.
Note 3: It is recommended to use 10 kQ pull-up resistor and 10 uF capacitor on nRESET pin.
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8 ELECTRICAL CHARACTERISTICS

8.1 Absolute Maximum Ratings

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

1/tcLoL Oscillator Frequency 4 24 MHz
Ta Operating Temperature -40 +105 T
Tst Storage Temperature -55 +150 C

Iop Maximum Current into Vpp - 120 mA

Iss Maximum Current out of Vss - 120 mA

Maximum Current sunk by an I/O pin - 35 mA

Maximum Current sourced by an I/O pin - 35 mA

o Maximum Current sunk by total I/0 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 life and reliability of the device.
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8.2 DC Electrical Characteristics
(VDD -VSS=25~55V, TA=25°C)

Symbol Parameter Min Typ Max Unit Test Conditions
Voo Operation voltage 25 - 5.5 V  |Vpp =25V ~ 5.5V up to 24 MHz
Vss / AVss Power Ground -0.3 - - \"
Vipo LDO Output Voltage 1.62 1.8 1.98 V |Vpp =225V
1.20 1.24 1.28 V  |Vpp =25V ~55V, Ta=25°C
Vea Band-gap Voltage Voo = 2.5V ~ 55V,
1.1 1.24 1.32 Vv
8 Tp = -40°C~105°C
Allowed Voltage
Vpp-AVpp |Difference for Vpp and| -0.3 0 0.3 V
AVpp
Voo 5.5V
lop1 _ 9.2 _ mA HXT 24 MHz
HIRC Disable
All digital Enabled
modules
Vbp 5.5V
oo ) 7.0 ) mA HXT 24 MHz
HIRC Disabled
Operating Current
HCLK = 24 MHz modules
while(1){}
Executed from Flash Vbp 3.3V
Ipp3 - 7.1 _ mA HXT 24 MHz
HIRC Disable
All digital Enabled
modules
Vbp 3.3V
loos ) 5.0 ) mA HXT 24 MHz
HIRC Disabled
All digital Disabled
modules
Operating Current
Normal Run Mode Voo 5.5V
HCLK =22.1184 i
Ibos s 3 6.1 : mA HXT Disabled
while(1){} HIRC Enabled
Executed from Flash All digital Enabled
modules
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Vbp 5.5V
loos 3.9 ) mA HXT Disabled
HIRC Enabled
All digital Disabled
modules
Vbp 3.3V
looy 6.0 ) mA HXT Disabled
HIRC Enabled
All digital Enabled
modules
Voo 3.3V
Ioos 3.9 B mA HXT Disabled
HIRC Enabled
All digital Disabled
modules
Voo 55V
oo ) 5.5 ) mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Voo 55V
Ibp1o - 4.3 - mA HXT 12 MHz
HIR Disabl
Operating Current ¢ Sealee
Normal Run Mode All digital Disabled
HCLK = 12MHz modules
while(1){}
Executed from Flash Voo 3.3V
oo ) 3.9 . mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Vb 3.3V
Ipp12 - 2.8 - mA HXT 12 MHz
HIRC Disabled
All digital Disabled
modules
Operating Current
Normal Run Mode Vbp 55V
HCLK =4 MH
Ipp13 z - 3.2 - mA HXT 4 MHz
while(1){} HIRC Disabled
Executed from Flash All digital Enabled
modules
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Vbp 55V
lo1e i o8 ) mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 3.3V
loois i 1.8 ) mA HXT 4 MHz
HIRC Disabled
All digital Enabled
modules
Voo 3.3V
loore i 14 ) mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
Voo 55V
HXT Disabled
A HIRC isabled
I - 225 -
oot H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Operating Current Voo ok
Normal Run Mode HXT Disabled
Ibp1s HCLK = 10 kHz 225 - HA HIRC Disabled
while(1){}
Executed from Flash LIRC Enabled
All digital Disabled
modules
Vbp 3.3V
HXT Disa led
A HIRC Disabled
- 200 -
loote H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source

Apr 21, 2020 Page 52 of 71 Rev 1.04



NnuvoTon

Mini51
Vbp 3.3V
HXT Disabled
Ibp2o - 200 - HA HIRC Disabled
LIRC Enabled
All digital Disa led
modules
Vbp 5.5V
lipLE1 - 7.1 _ mA HXT 24 MHz
HIRC Disable
All digital Enabled
modules
Vbp 5.5V
lipLe2 - 4.9 _ mA HXT 24 MHz
HIRC Disabled
Operating Current All digital Disabled
Idle Mode modules
HCLK = 24MHz
Vbp 3.3V
libLE3 - 5.1 _ mA HXT 24 MHz
HIRC Disable
All digital Enabled
modules
Vbp 5.5V
lipLE4 - 29 _ mA HXT 24 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 5.5V
lipLes - 4.1 . mA HXT Disabled
HIRC Enabled
Operating Current All digital Enabled
Idle Mode modules
HCLK=22.1184 MHz
Vob 5.5V
libLes - 2.0 - mA HXT Disabled
HIRC Enabled
All digital Disabled
modules
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Vbp 3.3V
loLer 4.1 ) mA HXT Disabled
HIRC Enabled
All digital Enabled
modules
Vbp 3.3V
lbLEs ) 19 ) mA HXT Disabled
HIRC Enabled
All digital Disabled
modules
Voo 55V
libLE9 - 4.4 i mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Voo 55V
loLE1o ) 3.3 ) mA HXT 12 MHz
HIRC Disabled
Operating Current All digital Disabled
ldle Mode modules
HCLK =12 MHz
Voo 3.3V
loLer ) 29 ) mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Voo 3.3V
loLE12 ) 18 ) mA HXT 12 MHz
HIRC Disabled
All digital Disabled
modules
Vob 55V
loLE13 ) 29 ) mA HXT 4 MHz
HIRC Disabled
Operating Current All digital Enabled
Idle Mode modules
HCLK =4 MHz
Vob 55V
loLE 14 ) o5 ) mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
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Vbp 3.3V
loLes ) 15 ) mA HXT 4 MHz
HIRC Disabled
All digital Enabled
modules
Vbp 3.3V
loLers ) 11 ) mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
Voo 55V
HXT Disabled
A HIRC Disabled
- 225 -
howe7 H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Vbp 55V
HXT Disabled
IIDLE18 - 225 - HA HlRC Disabled
LIRC Enabled
Operating Current All digital Disabled
Idle Mode modules
at 10 kHz
Voo 3.3V
HXT Disabled
A HIRC Disabled
I - 200 -
IDLE9 H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Voo 3.3V
HXT Disabled
libLE20 - 200 - HA HIRC Disabled
LIRC Enabled
All digital Disabled
modules
Vop = 5.5V, All oscillators and analo
lewor Standby Current i 10 i uA bltc))li:ks turned off. ’
Power-down Mode
Deep Sleep Mode i ) Voo = 3.3V, All oscillators and analog
lowne | (DeeP P ) 9 A Iplocks turned off.
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Logic 0 Input Current
I P0/1/2/3/4/5 (Quasi- - -70 -75 pA |Vop=5.5V,Vn=0V
bidirectional Mode)
Logic 1to 0
Transition Current
It P0/1/2/3/4/5 (Quasi- - -690 -750 pA |Vpp=5.5V, V=20V
bidirectional Mode)
[*3]
| Input Leakage 1 i +1 A Vop=5.5V, 0 < Vin< Vop
LK Current P0/1/2/3/4/5 H " |Open-drain or input only mode
Input Low Voltage -0.3 - 0.8 Vop=4.5V
ViLy P0/1/2/3/4/5 (TTL \Y
Input) -0.3 - 0.6 VDD =25V
Input High Voltage 2.0 - Vop + 0.3 Vpp =55V
A P0/1/2/3/4/5 (TTL \
|nput) 1.5 - Vop + 0.3 Vop=3.0V
Vis Input Low Voltage 0 ) 0.8 V. [Voo=45V
XTALT[2] 0 i 0.4 Vop = 2.5V
Input ngh Voltage 35 - VDD + 03 V VDD = 55 V
Viws XTAL1[*2]
24 - Voo + 0.3 Vop=3.0V
Negative-going
v Threshold 0.3 0.2V, v
s (Schmitt Input), e ’ e D ’
/RESET
Positive-going
y Threshold 0.7V y 0.3 Y
S (Schmitt Input), -0 7o ’ oo + L ’
/RESET
Internal /RESETPin
RRst Pull-up Resistor 40 150 kQ |Vpp=25V ~55V
Negative-going
v Threshold 0.3 0.3V, N
s (Schmitt input), e ’ oD ’
P0/1/2/3/4/5
Positive-going
y Threshold 0.7V Y 0.3 Y
HS (Schmitt input), -4 Yep | oo+ F |
P0/1/2/3/4/5
Isr11 -300 -400 - pA |Vop=45V,Vs=24V
Source Current
Isr12 P0/1/2/3/4/5 (Quasi- -50 -80 - pA [Vpp=27V,Vg=22V
bidirectional Mode)
Isr13 -40 -73 - pA |Vop=25V,Vs=2.0V
Isra1 -20 -26 - mA |Vpp=45V,Vg=24V
Source Current
Isre2 P0/1/2/3/4/5 (Push- -3 -5 - mA |Vop=2.7V,Vs=22V
pull Mode)
ISRZS 25 -5 - mA VDD =25 V, Vs =20V
k11 Sink Current 10 15 - mA |Vpp=45V,Vs=045V
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lskiz | PO/1/2/3/4/5 (Quasi- 6 9 - mA |Vop =27V, Vs=0.45V
bidirectional, Open-
tsis | O ode P | 8 - mA |Voo =25V, Vs=0.45V

Notes:
1. /RESET pin is a Schmitt trigger input.
2. XTAL1 is a CMOS input.

3. Pins of PO, P1, P2, P3, P4 and P5 can source a transition current when they are being externally
driven from 1 to 0. In the condition of VDD=5.5V, the transition current reaches its maximum value

when VIN approximates to 2V.
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8.3 AC Electrical Characteristics

8.3.1 External Input Clock

0.7 Vpp
0.3 Vpp—-—
teheL
Note: Duty cycle is 50%.
Symbol Parameter Min Typ Max Unit Test Conditions
teHex Clock High Time 10 - - ns -
toLex Clock Low Time 10 - - ns -
teLen Clock Rise Time 2 - 15 ns -
teHoL Clock Fall Time 2 - 15 ns -

8.3.2 External 4~24 MHz High Speed Crystal (HXT)

Symbol Parameter Min. Typ. Max Unit Test Conditions
Vixr Operation Voltage 25 - 55 \Y -
Ta Temperature -40 - 105 C -
- 2.5 - mA 12 MHz, Vpp = 5.5V
IhxT Operating Current
- 1.0 - mA 12 MHz, Vpp = 3.3V
frxt Clock Frequency 4 - 24 MHz -

8.3.3 Typical Crystal Application Circuits

Crystal C1 C2

4MHz ~ 24 MHz 10~20 pF 10~20 pF
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XTAL1 XTAL2
1

4724 MHz
Crystal
C1 7IT

o
I

Vss Vss

Figure 8-1Mini5xDE Typical Crystal Application Circuit

8.3.4 22.1184 MHz Internal High Speed RC Oscillator (HIRC)

Symbol Parameter Min Typ Max Unit Test Conditions
VHre Supply Voltage 1.62 1.8 1.98 Vv -
Center Frequency - 22.1184 MHz -
Ta=25"
1 - +1 A i
fHrc Calibrated Internal Vop=5V
Oscillator Frequency Ta=-40C~105TC
-2 - +2 %
Vpp=2.5V~55V
IHrRc Operating Current - 700 - pA Ta=25C,Vop=5V
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HIRC oscillator accuracy vs. temperature
1.00
0.80
0.60
X
o 0.40
oo
s T ——
c 0.20
()]
o / \
2 0.00
a
c / \ s V12X
o
@ -0.40
o / \
_0.60 / \
-0.80
\
-1.00
-40 -30-20-10 0 10 20 25 30 40 50 60 70 80 85 90 100110
Ta T
8.3.5 10 kHz Internal Low Speed RC Oscillator(LIRC)
Symbol Parameter Min Typ Max Unit Test Conditions
Virc Supply Voltage 25 - 5.5 \Y -
Center Frequency - 10 - kHz -
10 ) 10 o |Voo=25V~55V
firc * ° Ta=25C
Oscillator Frequency
40 i 40 o Vpp=2.5V~ 5.5V
* ° | Ta=-40C~+105C
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8.4 Analog Characteristics

8.4.1 10-bit SARADC

Symbol |Parameter Min Typ Max Unit Test Condition
- Resolution - - 10 Bit -
DNL Differential Nonlinearity Error - -1~15 |-1~+2.5| LSB -
INL Integral Nonlinearity Error - +1 2 LSB -
Eo Offset Error - 1 2 LSB -
Eg Gain Error (Transfer Gain) - -1 -3 LSB -
Ea Absolute Error - 3 4 LSB -
- Monotonic Guaranteed - -
B - 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/Tcony)
- - 200 kSPS AVpp =2.5~55V
Taca Acquisition Time (Sample Stage) N-+1 1/Fapc [N is sampling counter,
N=0,1,2, 4,8, 16,32, 4,
Tcony Total Conversion Time N+14 1/Fapc 128, 256,1024
AVpp Supply Voltage 25 - 5.5 \Y -
lopa Supply Current (Avg.) - 600 - HA AVpp =55V
Vin Analog Input Voltage 0 - AVbp v -
Civ Input Capacitance - 3.2 - pF -
Rin Input Load - 6 - kQ -

Note: ADC voltage reference is same with AVpp
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Eg (Full scale error) = Eq + Eg
Gain Error Offset Error
Eg Eo
A
1023 — - - - = /_ - - 7_ - 7_
1022
1021
1020
7 ‘_ Ideal transfer curve
6 —
ADC /
output 5 |- 7/ Ve Actual transfer curve
code / /
4 P —
/s /
3 L - s /
v /s /
2 + 7 DNL
P e |
1 - 1LSB
/
LA l | | | [ l l l l >
|<_>| A ] 1023
Offset Error nalog input voltage
E (LSB)
0]
8.4.2 LDO & Power Management
Symbol Parameter Min Typ Max Unit Test Condition
Vop DC Power Supply 25 - 5.5 \ -
Vipo Output Voltage 1.62 1.8 1.98 \ -
Ta Temperature -40 25 105 C
Notes:

1. ltis recommended a 0.1uF bypass capacitor is connected between Vpp and the closest Vss pin of the device.

8.4.3 Low Voltage Reset

Symbol Parameter Min Typ Max Unit Test Condition
AVpp Supply Voltage 0 - 5.5 \ -
Ta Temperature -40 25 105 C -
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ILvR Quiescent Current - 1 5 A AVpp =5.5V
1.90 2.00 2.10 Vv Ta=25°C
Vivr Threshold Voltage 1.70 1.90 2.05 \Y Ta=-40°C
2.00 2.20 2.45 Vv Ta=105°C

8.4.4 Brown-out Detector

Symbol Parameter Min Typ Max Unit Test Condition
AVpp Supply Voltage 0 - 5.5 \Y -
Ta Temperature -40 25 105 C -
Isop Quiescent Current - - 140 MA AVpp =5.5V
4.2 4.38 455 % BOD_VL [1:0]=11
Brown-out Detector 35 3.68 3.85 % BOD_VL [1:0]=10
Voo (Falling edge) 25 2.68 2.85 % BOD_VL [1:0]=01
2.0 2.18 2.35 % BOD_VL [1:0]=00
4.3 452 475 % BOD_VL [1:0]=11
Veor Brown-out Detector 35 3.8 4.05 % BOD_VL [1:0]=10
(Rising edge) 25 2.77 3.05 % BOD_VL [1:0]=01
2.0 2.25 2.55 Y% BOD_VL [1:0]=00
8.4.5 Power-on Reset
Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 105 C -
Veor Reset Voltage 1.6 2 2.4 \ -

Vpp Start Voltage to Ensure ) )
Veor Power-on Reset 100 mv

Voo Raising Rate to Ensure

RRvoo Power-on Reset 0.025 i . Vims
Minimum Time for Vpp Stays
tror at VPOR to Ensure Power- 0.5 - - ms

on Reset
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Vbb

< POR
RRvop
Veor
Time
Figure 8-2Power-up Ramp Condition
8.4.6 Comparator
Symbol Parameter Min Typ Max Unit Test Condition
Vemp Supply Voltage 2.5 - 5.5 \
Ta Temperature -40 25 105 C -
lcmp Operation Current - 40 80 MA AVpp=5V
Vorr Input Offset Voltage 10 20 mV -
Vsw Output Swing 0.1 - AVpp -0.1 \ -
Vcom Input Common Mode Range 0.1 - AVpp— 0.1 \ -
- DC Gain 40 70 - dB -
. Veon=1.2 V,
Trcp Propagation Delay - 200 - ns Vorr=0.1 V
Vhvs Hysteresis - 30 160 mV Veom=1.2 V
Tste Stable time - - 1 us
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8.5 Flash DC Electrical Characteristics

Symbol Parameter Min Typ Max Unit Test Condition
VELa? Supply Voltage 1.62 1.8 1.98 Vv
Nenour Endurance 20,000 - - cycles'
Trer Data Retention 100 - - year
Terase Page Erase Time - 20 - ms
Ta=25C
TrroG Program Time - 60 - us
Ipp1 Read Current - 6 - mA
Ipp2 Program Current - 8 - mA
Iops Erase Current - 12 - mA
Notes:

1. Number of program/erase cycles.
2. Veia is source from chip LDO output voltage.
3. Guaranteed by design, not test in production.
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9 PACKAGE DIMENSIONS
9.1 48-pin LQFP

Bl

IIOINNA00T

o |
H|J|Tl' HHEHHH_H_HH
AminImannERnRR R

COTRDOL OMAEWSIONS ARE Iy MILLIMETERT

n=
|
LOA0AGNIN0NT
N I
!
!
|
!
TUUTTOIT0
|
Jasininini s mumimimat g

WILLILETER INCH
SVMEDL

Wb, WO, | A, RN | RO, | R,
A — | — 180 | — | — 0083
A | 008 [ pA0 | 08 (0.202|0.004 0006
Ag | 1,38 | 1.40 | 1,45 |[0LO63| 0.056| 0,067
01 |eso | 700 | 700 |0.277 | 0.776| 0,280
E1 |ea0| 700|710 |0.277 | 0.278| 0.280
e |L3E | 040 |0.BE 0014|0020 (0008
D |ea |900|9.10 |0.350|0,354 | 3,355 _
E 549 900 |91 [O.350 (2 354 |0, 358 \ﬁ_L
L o46 | 0.80 | 075 |0.018| 0.024| 0.3 o
LT | — | 10| — | — |03 — 1
C |oog | — | 920 poos | — P0079 - 6
g | |—| & |@ —| 7 L
b | 047 [ 027 | 027 [0.007 eOeT|ea1
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9.2 33-pin QFN (4 mm x 4 mm)
I | =Wl
1 Lk CO.35¥45°
1
o= | 3
NUUUUUUP
| M N L
| B _ " . - S s -
B | =
1 = _ _ — ™
= 2] < b
[=3) [ =]
1 D (]
= —‘EI- ’
nnnaang
D L s K
y
i
r
i
Symbol Min Mom Max:
Total Thickness A 0.7 0.75 0.8
Stand Off Al 0.0 0.02 0.05 P
L/F Thickness A3 0.2 REF. Az
Lead Width b 0.15 0.20 0.25 A
D 4.00 8SC s O
Body Size : 2.00 BSC ? §
Lead Pitch e 0.40 BSC = =
Lead Length L 0.35 0.4 0.45 IE =5
K 0.2 - -
Dimension in mm
Symbol L/FSIZE MIN. NOR. MAX.
D2 2.6 27 2.75
B2 TN — o 27 2.75
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9.3 33-pin QFN (5 mm x 5 mm)

[ZTetele —{= [eeec]
B, {o}
SEATING PLANE
»n ql " |
0
1 / :
P 1 corner | G ;
| l
I
= ]
—_. e [] y
i
I L)
\' |
EEEE
ToP VIEW
SYMBOL | MIN | NOM | MAX
Pl “ne 2 ot to [TOTAL THICKNESS A 0.7 | 075 | 08
frug [J]I|_] UMW L ETAND OFF Al 0 0035 | 0.05
EZIEN /61 MOLD THICKNESS 22 — | 055 | 087
=) X O L/F THICKNESS Al 0.203 REF
— — n LEAD WIDTH b 02 | 025 | 03
X D 5 BSC
K ] =} BODY SIZE =
Bl = — T Y E 5 BSC
- O 1 LEAD PITCH v 0.5 BSC
\ e X 4 34 3.5 3.5
] i~ : Y K 34 35 35
—1
= Y s [EAD LENGTH L 035 | 04 | 045
lnnooonn \_ osen e |PACKAGE EDGE TOLERANCE | aua 0.1
ancenl] 1 e » ATIACH P3| o F | ATNESS bbb 0.1
FFEEE[EAE COPLANARITY cce 0.08
SoTTON VN LEAD OFFSET ddd 0.
B FXPOSED PAD OFFSET gee 0.1
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9.4 20-pin TSSOP

 BEARAAARAH  (;

L)

“TOggEEgEEE. .0 S
1 10

X
aly b e SEATING PLANE
DIMENSICH DIMENSICH
SYMBCL (40D (INCH)
MIN. | NOM. | M&X. | MIN. | NOM. | MAX
i — — 1.2 — — nm7
Al 005 - 015 | oo: - 0006
42 | 020 | 040 1o | omt | oms | oon
E 230 | 240 430 | ouem | oum | oa7r
HE 6,40 E&C 0252 B
D 640 | 5.0 GE0 | 0252 | 06 | 0260
L 030 | 060 0% | oom | oms | oomo
L1 1.00 FEF 0.039 EEF
b 019 | — [ 030 Joow | — | ooz
. 065 EaC 0,026 Bac
. 009 - 0z | oo - 0ms
g o — 8 o — 8
T 0,10 BARIC 0,004 BARIC
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10 REVISION HISTORY

Date Revision Description

2013.10.18 1.00 Preliminary version

2014.05.20 1.01 Supported the Mini54FHC for NuMicro Mini51 series.
2016.04.19 1.02 Updated document format

2016.07.18 1.03 Updated application circuit in chapter 7.

Added notes about the hardware reference design for ICE_DAT, ICE_CLK

2020.04.21 1.04 and /RESET pins in section 4.4 and chapter 7.
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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 dafa and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.

Apr 21, 2020 Page 71 of 71 Rev 1.04



	1 GENERAL DESCRIPTION
	2 FEATURES
	3 ABBREVIATIONS
	4 PARTS INFORMATION LIST AND PIN CONFIGURATION
	4.1 NuMicro™ Mini51 Series Selection Code
	4.2 NuMicro™ Mini51 Series Product Selection Guide
	4.3 PIN CONFIGURATION
	4.3.1 LQFP 48-pin
	4.3.2 QFN 33-pin
	4.3.3 TSSOP 20-pin
	4.3.4 Mini54FHC (TSSOP20-pin)

	4.4 Pin Description

	5 BLOCK DIAGRAM
	5.1 NuMicro™ Mini51 Block Diagram

	6  Functional Description
	6.1 ARM® Cortex™-M0 core
	6.2 System Manager
	6.2.1 Overview
	6.2.2 System Reset
	6.2.3 System Power Architecture
	6.2.4 Whole System Memory Mapping
	6.2.5 System Memory Map
	6.2.6 System Timer (SysTick)
	6.2.7 Nested Vectored Interrupt Controller (NVIC)
	6.2.7.1 Overview

	6.2.8 System Control Registers (SCB)
	6.2.8.1 System Control Block Register Map


	6.3 Clock Controller
	6.3.1 Overview
	6.3.2 System Clock and SysTick Clock
	6.3.3 ISP Clock Source Selection
	6.3.4 Module Clock Source Selection
	6.3.5 Power-down Mode Clock
	6.3.6 Frequency Divider Output

	6.4 Flash Memory Controller (FMC)
	6.4.1 Overview
	6.4.2 Features

	6.5 General Purpose I/O (GPIO)
	6.5.1 Overview
	6.5.2 Features

	6.6 Timer Controller (TMR)
	6.6.1 Overview
	6.6.2 Features

	6.7 Enhanced PWM Generator
	6.7.1 Overview
	6.7.2 Features

	6.8 Watchdog Timer (WDT)
	6.8.1 Overview
	6.8.2 Features

	6.9 UART Controller (UART)
	6.9.1 Overview
	6.9.2 Features

	6.10 I2C Serial Interface Controller (I2C)
	6.10.1 Overview
	6.10.2 Features

	6.11 Serial Peripheral Interface (SPI)
	6.11.1 Overview
	6.11.2 Features

	6.12 Analog-to-Digital Converter (ADC)
	6.12.1 Overview
	6.12.2 Features

	6.13 Analog Comparator (ACMP)
	6.13.1 Overview
	6.13.2 Features


	7 APPLICATION CIRCUIT
	8 ELECTRICAL CHARACTERISTICS
	8.1 Absolute Maximum Ratings
	8.2 DC Electrical Characteristics
	8.3 AC Electrical Characteristics
	8.3.1 External Input Clock
	8.3.2 External 4~24 MHz High Speed Crystal (HXT)
	8.3.3 Typical Crystal Application Circuits
	8.3.4 22.1184 MHz Internal High Speed RC Oscillator (HIRC)
	8.3.5 10 kHz Internal Low Speed RC Oscillator(LIRC)

	8.4 Analog Characteristics
	8.4.1 10-bit SARADC
	8.4.2 LDO & Power Management
	8.4.3 Low Voltage Reset
	8.4.4 Brown-out Detector
	8.4.5 Power-on Reset
	8.4.6 Comparator

	8.5 Flash DC Electrical Characteristics

	9 PACKAGE DIMENSIONS
	9.1 48-pin LQFP
	9.2  33-pin QFN (4 mm x 4 mm)
	9.3 33-pin QFN (5 mm x 5 mm)
	9.4 20-pin TSSOP

	10 REVISION HISTORY

