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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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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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4.3.2 QFN 33-pin
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Figure 4.3-2 NuMicro Mini51™ Series QFN 33-pin Diagram
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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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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

May 22, 2014 Page 26 of 70 Revision 1.01



NuMicro MINI51™ DE Series Datasheet

NnNUVOTON
a—_—_—_—_—_—_—___;_,_,_,_,_,_,_,_,_

6.4.3 ISP Clock Source Selection

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

HCLK ————————————
ISP_EN (AHBCLKI2])

Figure 6.4-4 AHB Clock Source for HCLK

6.4.4 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 Error! Reference

source not found..
PCLK Lt -
WDT_EN (APBCLK][0]) .

TMRO_EN (APBCLK[2])
TMR1_EN (APBCLK][3])

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

12C_EN (APBCLK[8]) }
SPI_EN (APBCLK[12]) }’ SPI
UART_EN (APBCLK16]) . j—'
PWMOL_EN (APBCLK[20]) j—’
PWM23_EN (APBCLK[21]) - j—’
PWMA45_EN (APBCLK[22)) j—'
ADC_EN (APBCLK[28]) j—’
CMP_EN (APBCLK([30]) . j—’

Figure 6.4-5 Peripherals Clock Source Selection for PCLK
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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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6.7 Flash Memory Controller (FMC)
6.7.1 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.

6.7.2 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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6.10 Enhanced PWM Generator
6.10.1 Overview

The NuMicro Mini51™ series has built one PWM unit which is specially designed for motor driving
control applications. The PWM unit supports six PWM generators which can be configured as six
independent PWM outputs, PWMO0~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.

6.10.2 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 PWMO to PWM5 has independent polarity setting control

Hardware fault brake protections
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B 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
4 BKPO: EINTO or CPO1
4 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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7  ARM® CORTEX™-MO0 CORE

7.1 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.
The following figure shows the functional controller of the processor.

Cortex-MO components
Cortex-MO processor Debug
Interrupts Nested .
P Vectored Cortex-M0 Breakzomt
» »i » i o an
> (Izr(;tr?trrroulfnetr <«—»| Processor « > Watchpoint
core unit
(NVIC)
\ A 4 A A A
Wakeup v v
Interrupt Debug
Controller 5| Busmatrix |g 5| Debugger | »| Access Port
(WIC) d - 71 interface |V »
A (DAP)
A
A 4 v
AHB-Lite interface Serial Wire or
JTAG debug port

Figure 7.1-1 Functional Block Diagram

7.2 Features
() A low gate count processor

B ARMv6-M Thumb® instruction set

Thumb-2 technology

ARMvV6-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
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Vbp 5.5V
o2 i 70 # mA HXT 24 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 3.3V
Ions i 71 ) 2 A HXT 24 MHz
HIRC Disable
All digital Enabled
modules
Vbp 3.3V
Iopa - 5.0 . mA HXT 24 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 5.5V
Iops 3 6.1 . mA HXT Disabled
HIRC Enabled
All digital Enabled
modules
Vbp 5.5V
Ioos 3 39 3 mA HXT Disabled
Operating Current HIRC Enabled
Normal Run Mode All digital Disabled
HCLK =22.1184 modules
MHz
while(1){}
Vi 3.3V
Executed from Flash = -
o7 3 6.0 3 mA HXT Disabled
HIRC Enabled
All digital Enabled
modules
Vbp 3.3V
e, ) 3.9 ) mA HXT Disabled
HIRC Enabled
All digital Disabled
modules
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Vbo 55V
IbLEY - 4.4 F mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Vbb 55V
lbLeto 2 3.3 - mA HXT 12 MHz
HIRC Disabled
Operating Current All digital Disabled
ldle Mode modules
HCLK =12 MHz
Vbb 3.3V
lpLELL - 2.9 R mA HXT 12 MHz
HIRC Disabled
All digital Enabled
modules
Vbp 3.3V
lbLEL2 - 1.8 R mA HXT 12 MHz
HIRC Disabled
All digital Disabled
modules
Vbbp 55V
loLELS } 29 } mA HXT 4 MHz
HIRC Disabled
All digital Enabled
modules
. Vb 55V
Operating Current
loLELs Idle Mode - 25 - mA HXT 4 MHz
HCLK =4 MHz HIRC Disabled
All digital Disabled
modules
Vbo 3.3V
(oo ) 15 ) mA HXT 4 MHz
HIRC Disabled
All digital Enabled
modules
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Vbp 3.3V
loLess ) 11 y mA HXT 4 MHz
HIRC Disabled
All digital Disabled
modules
Vbp 55V
HXT Disabled
| - > HIRC Disabled
DLEL? ) ) K LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Voo 55V
HXT Disabled
lbLE18 - 225 - HA HIRC Disabled
LIRC Enabled
Operating Current All digital Disabled
Idle Mode el ES
at 10 kHz
Vbp 3.3V
HXT Disabled
| 200 n HIRC Disabled
DLELS H LIRC Enabled
All digital Enabled
modules
Only enable modules which support 10
kHz LIRC clock source
Voo 3.3V
HXT Disabled
lbLE20 - 200 - HA HIRC Disabled
LIRC Enabled
All digital Disabled
modules
Vpp = 5.5V, All oscillators and analof
lPwp1 Standby Current - 10 - HA bIEE)Dcks turned off. °
Power-down Mode
(Deep Sleep Mode) i ) Vpp = 3.3V, All oscillators and analog
lpwo2 9 HAIblocks turned off.
Logic O Input Current
I P0/1/2/3/4/5 (Quasi- - -70 -75 pA |Vpp =55V, V=0V
bidirectional Mode)
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Drain and Push-pull
Iskas Mode)

5 8 - mA (Vpp=25V,Vs=045V

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.

9.3 AC Electrical Characteristics

9.3.1 External Input Clock

<« e P

0.7 Vop
0.3 Vpp-—-—-
teheL
Note: Duty cycle is 50%.
Symbol Parameter Min Typ Max Unit Test Conditions
tcHex Clock High Time 10 - - ns -
tcLex Clock Low Time 10 - - ns -
teieH Clock Rise Time 2 - 15 ns -
teHeL Clock Fall Time 2 - 15 ns -

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

Symbol Parameter Min. Typ. Max Unit Test Conditions
VixT Operation Voltage 25 - 5.5 \Y, -
Ta Temperature -40 - 105 C -
S 25 S mA 12 MHz, Vpp = 5.5V
lxT Operating Current
- 1.0 - mA | 12 MHz, Vpp = 3.3V
fuxT Clock Frequency 4 - 24 MHz -
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Eg (Full scale error) = Eq + Eg
Gain Error Offset Error
A = =3
1023 — - T TN AN T /_ __7___ 7_
1022 —
1021
1020 —
7 L Ideal transfer curve
6 —
ADC .
output S /s /s Actual transfer curve
code Vs Vs
4 o
/ /
3 L ~ s s
v / /
2 + 7 DNL
N e |
1 - 1LSB
/
| A | | | | L.y | | | | >
|<_>| A . 1023
e nalog input voltage
E (LSB)
6]
9.4.2 LDO & Power Management
Symbol Parameter Min Typ Max Unit Test Condition
Vop DC Power Supply 25 - 515 \% -
Vipo Output Voltage 1.62 1.8 1.98 V -
Ta Temperature -40 25 105 c

Notes:

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

9.4.3 Low Voltage Reset

Symbol Parameter Min Typ Max Unit Test Condition

AVpp Supply Voltage 0 - 515 \% -
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Ta Temperature -40 25 105 T -
lLvr Quiescent Current - ik 5 pA AVpp =5.5V
1.90 2.00 2.10 \% Ta=25°C
Vivr Threshold Voltage 1.70 1.90 2.05 \% Ta=-40°C
2.00 2.20 2.45 \% Ta =105°C

9.4.4 Brown-out Detector

Symbol Parameter Min Typ Max Unit Test Condition
AVpp Supply Voltage 0 - 5.5 \% -
Ta Temperature -40 25 105 C -
lzop Quiescent Current - - 140 WA AVpp =5.5V

4.2 4.38 4.55 v BOD_VL [1:0]=11

Brown-out Detector 35 3.68 3.85 Y BOD_VL [1:0]=10

Voo (Falling edge) 25 2.68 2.85 \Y BOD_VL [1:0]=01

2.0 2.18 2.35 Y BOD_VL [1:0]=00

4.3 452 4.75 \% BOD_VL [1:0]=11

Brown-out Detector 35 3.8 4.05 v BOD_VL [1:0]=10

Voo (Rising edge) 25 2.77 3.05 \Y BOD_VL [1:0]=01

2.0 2.25 2.55 \% BOD_VL [1:0]=00

9.4.5 Power-on Reset

Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 105 T -
VpoRr Reset Voltage 1.6 2 2.4 V -

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

Vpp Raising Rate to Ensure

RRvoo Power-on Reset R ) ) LS
Minimum Time for Vpp Stays
tror at VPOR to Ensure Power- 0.5 - - ms

on Reset
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Figure 9-2Power-up Ramp Condition
9.4.6 Comparator
Symbol Parameter Min Typ Max Unit Test Condition
Vewp Supply Voltage 2.5 - 55 \%
Ta Temperature -40 25 105 C -
lemp 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 \Y -
- DC Gain 40 70 - dB -
. VCOM:]..Z V,
Trcp Propagation Delay - 200 - ns Voree=0.1 V
Vhys Hysteresis - +30 +60 mV Vcov=1.2 V
Tste Stable time - - 1 us
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