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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0

32-Bit Single-Core

50MHz

EBI/EMI, I2C, IrDA, SmartCard, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, LVD, POR, PS2, PWM, WDT
47

64KB (64K x 8)

FLASH

4K x 8

8K x 8

2.5V ~ 5.5V

A/D 8x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP
64-LQFP (10x10)
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- Supports 4 sets of 32-bit timers with 24-bit up-timer and one 8-bit prescale counter
- Independent clock source for each timer
- Provides one-shot, periodic, toggle and continuous counting operation modes
- Supports event counting function
Supports input capture function

e Watchdog Timer

- Multiple clock sources

- 8 selectable time-out period from 1.6 ms ~ 26.0 sec (depending on clock source)
- Wake-up from Power-down or Idle mode

- Interrupt or reset selectable on watchdog time-out

e Window Watchdog Timer

- 6-bit down counter with 11-bit prescale for wide range window selected
e RTC

- Supports software compensation by setting frequency compensate register (FCR)

- Supports RTC counter (second, minute, hour) and calendar counter (day, month, year)

- Supports Alarm registers (second, minute, hour, day, month, year)

- Selectable 12-hour or 24-hour mode

- Automatic leap year recognition

- Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4, 1/2 and 1 second

- Supports wake-up function

e PWM/Capture

- Up to four built-in 16-bit PWM generators providing eight PWM outputs or four
complementary paired PWM outputs

- Each PWM generator equipped with one clock source selector, one clock divider, one
8-bit prescaler and one Dead-Zone generator for complementary paired PWM

- Up to eight 16-bit digital capture timers (shared with PWM timers) providing eight
rising/falling capture inputs

- Supports Capture interrupt

e UART

- Upto three UART controllers

- UART ports with flow control (TXD, RXD, CTS and RTS)

- UARTO with 64-byte FIFO is for high speed

- UART1/2(optional) with 16-byte FIFO for standard device

- Supports IrDA (SIR) and LIN function

- Supports RS-485 9-bit mode and direction control

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

- Up to four sets of SPI controllers

- SPI clock rate of Master can be up to 36 MHz (chip working at 5V); SPI clock rate of
Slave can be up to 18 MHz (chip working at 5V)

- Supports SPI Master/Slave mode

- Full duplex synchronous serial data transfer

- Variable length of transfer data from 8 to 32 bits

- MSB or LSB first data transfer

- Rxand Tx on both rising or falling edge of serial clock independently

- Two slave/device select lines in Master mode, and one slave/device select line in
Slave mode

- Supports Byte Suspend mode in 32-bit transmission

- Supports PDMA mode
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- Supports event counting function
- Supports input capture function

e Watchdog Timer

- Multiple clock sources

- 8 selectable time-out period from 1.6 ms ~ 26.0 sec (depending on clock source)
- Wake-up from Power-down or Idle mode

- Interrupt or reset selectable on watchdog time-out

e Window Watchdog Timer

- 6-bit down counter with 11-bit prescale for wide range window selected
e RTC

- Supports software compensation by setting frequency compensate register (FCR)

- Supports RTC counter (second, minute, hour) and calendar counter (day, month, year)

- Supports Alarm registers (second, minute, hour, day, month, year)

- Selectable 12-hour or 24-hour mode

- Automatic leap year recognition

- Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4, 1/2 and 1 second

- Supports wake-up function

e PWM/Capture

- Up to four built-in 16-bit PWM generators providing eight PWM outputs or four
complementary paired PWM outputs

- Each PWM generator equipped with one clock source selector, one clock divider, one
8-bit prescaler and one Dead-Zone generator for complementary paired PWM

- Up to eight 16-bit digital capture timers (shared with PWM timers) providing eight
rising/falling capture inputs

- Supports Capture interrupt

e UART

- Upto three UART controllers

- UART ports with flow control (TXD, RXD, CTS and RTS)

- UARTO with 64-byte FIFO is for high speed

- UART1/2(optional) with 16-byte FIFO for standard device

- Supports IrDA (SIR) and LIN function

- Supports RS-485 9-bit mode and direction control

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

- Up to four sets of SPI controllers

- The maximum SPI clock rate of Master can up to 36 MHz (chip working at 5V)

- The maximum SPI clock rate of Slave can up to 18 MHz (chip working at 5V)

- Supports SPI Master/Slave mode

- Full duplex synchronous serial data transfer

- Variable length of transfer data from 8 to 32 bits

- MSB or LSB first data transfer

- Rxand Tx on both rising or falling edge of serial clock independently

- Two slave/device select lines in Master mode, and one slave/device select line in
Slave mode

- Supports Byte Suspend mode in 32-bit transmission

- Supports PDMA mode

- Supports three wire, no slave select signal, bi-direction interface

e I°C
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NUC100/120xxxDN

NUC120RC1DN | 32kB |4KkB |4KB]| 4KB “27“’ 4’;?3' 2 2211 1 6 8’;)1“2' v | v|v|LoFPea
NUC120RDIDN | 64 kB |4kB |4kB| akB |WPLOPS2 5 | 52| 1 1 6 |22 v [v|v|LoFPea
47 bit bit
NUC120RD2DN | 64 kB |8KkB |4KB]| 4KB “27“’ 4’;?3' 2 2211 1 6 Sﬁf' v | v|v|LoFPea
NUC120RD3DN | 64 KB |16 KB|4KB| 4KB “27“’ 4’;3;3' 2 221 1 6 8’;)1n2' v | v|v|LoFP6a
Defin up to [4x32- 8x12-
NUC120RESDN |128 KB [16 KB| 7 7| 4kB [0 O[T 2 [ 2] 2f 1 1 6 [T | v |v]v|Lorres
NUC120VD2DN | 64 KB | 8KB |4 KB| 4 KB “ggo 4’;3;5' 3 |af2]1 1 8 8’;)1"2' v | v | v |LoFP100
NUC120VD3DN | 64 KB |16 KB|4 KB| 4 KB “g(;" 4);)?5' 3 |afl2]1 1 8 8’{)1"2' v | v | v |LoFP100
Defin up to [4x32- 8x12-
NUC120VESDN |128 KB |16 KB| b M| 4 kB [B°[T=S| 3 [4 2| 1 1 8 |"hi | v [v]v|roFPi00
NUC 1 0 O - X X X
ARM-Based
32-bit Microcontroller Temperature
N: -40C ~ +85C
E: -40°C ~ +105C
CPU core C: -40°C ~ +125C
1/2: Cortex-MO
5/7: ARM7 Reserve
9: ARM9
Function RAM Size
0: Advanced Line 1: 4KB
. 2: 8KB
2: USB Line 3: 16 KB
3: Automotive Line ’
4: Connectivity Line
APROM Size
Package Type A:8KB
Y: QFN 36 B-16KB
L: LQFP 48 C: 32KB
R: LQFP 64 Ef fgstB
V: LQFP 100 :
Figure 4-1 NuMicro® NUC100 Series Selection Code
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4.2.2 NuMicro® NUC120 Pin Diagram
4.2.2.1 NuMicro® NUC120VxxDN LQFP 100 pin
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AVpp 46[] PE.6
SPISS20/PD.0 45[] PC.0/SPISS00/I2SLRCLK
SPICLK2/PD.1 44[7] PC.1/SPICLKO/I2SBCLK
MISO20/PD.2 43[] PC.2/MISO00/12SDI
MOSI20/PD.3 42[] PC.3/MOSI00/12SDO
MISO21/PD.4 41[] PC.4/MISO01
MOSI21/PD.5 40[] PC.5/MOSI0L
SC1CD/ADS/CPNO/PC.7 39[] PD.15/TXD2
NUC120VxxDN H
SCOCD/AD4/CPPO/PC.6 i 38[] PD.14/RXD2
AD3/CPN1/PC.15 LQFP 100'p|n 37[] PD.7
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XT1_OUT/PF.0 34[7] PB.2/RTSO/T2EX/nWRL
XT1_IN/PF.1 33[] PB.L/TXDO
/RESET 32[7] PB.O/RXDO
Vss 31[] D+
Vop 30[] D-
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Figure 4-5 NuMicro® NUC120VxxDN LQFP 100-pin Diagram
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4.3 Pin Description

4.3.1 NuMicro® NUC100 Pin Description

Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
1 PE.15 1/0 General purpose digital 1/0 pin.
2 PE.14 1/0 General purpose digital /0 pin.
3 PE.13 /0 General purpose digital 1/0 pin.
PB.14 /0 General purpose digital I/O pin.
4 ' /INTO | External interruptO input pin.
SPISS31 110 2" SPI3 slave select pin.
PB.13 1/0 General purpose digital /0 pin.
5 2 CPO1 (0] Comparatorl output pin.
AD1 110 EBI Address/Data bus bitl
PB.12 I/0 General purpose digital I/O pin.
1 CPOO (0] Comparator0 output pin
° : CLKO (0] Frequency Divider output pin
ADO 110 EBI Address/Data bus bit0
7 4 2 X320 (0] External 32.768 kHz low speed crystal output pin
8 5 3 X321 | External 32.768 kHz low speed crystal input pin
PA.11 /O General purpose digital /0 pin.
9 6 ‘ 12C1SCL lfe} I°C1 clock pin.
nRD (0] EBI read enable output pin
PA.10 1/0 General purpose digital 1/0 pin.
10 7 ° 12C1SDA 1/0 I°C1 data input/output pin.
nWR (0] EBI write enable output pin
PA.9 /O General purpose digital /0 pin.
11 8 6
12C0SCL 110 I°CO clock pin.
PA.8 1/0 General purpose digital 1/0 pin.
12 9 7
I12COSDA 110 I°CO data input/output pin.
PD.8 1/0 General purpose digital 1/0 pin.
13 SPISS30 1/0 1* SPI3 slave select pin.
PD.9 1/0 General purpose digital /0 pin.
14 SPICLK3 1/0 SPI3 serial clock pin.
15 PD.10 1/0 General purpose digital 1/0 pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

MISO30 /0 1% SPI3 MISO (Master In, Slave Out) pin.
PD.11 /0 General purpose digital I/O pin.

16
MOSI30 110 1% SPI3 MOSI (Master Out, Slave In) pin.
PD.12 110 General purpose digital I/O pin.

17
MISO31 1/0 2" SPI3 MISO (Master In, Slave Out) pin.
PD.13 /0 General purpose digital 1/0 pin.

18
MOSI31 /0 2" SPI3 MOSI (Master Out, Slave In) pin.
PB.4 /0 General purpose digital I/O pin.

19 10 8
RXD1 | Data receiver input pin for UART1.
PB.5 1/0 General purpose digital 1/0 pin.

20 11 9
TXD1 (0] Data transmitter output pin for UART1.
PB.6 /0 General purpose digital /0 pin.

21 12 RTS1 O Request to Send output pin for UART1.
ALE (0] EBI address latch enable output pin
PB.7 /10 General purpose digital I/O pin.

22 13 CTS1 | Clear to Send input pin for UART1.
nCS O EBI chip select enable output pin

23 14 10 LDO P LDO output pin

24 15 1 Voo = P_O\_Ner s_upply for I/O ports and LDO source for internal PLL and

digital circuit.

25 16 12 Vss P Ground pin for digital circuit.

26 PE.12 /O General purpose digital /0 pin.

27 PE.11 /O General purpose digital /0 pin.

28 PE.10 /10 General purpose digital I/O pin.

29 PE.9 110 General purpose digital I/O pin.

30 PE.8 110 General purpose digital I/O pin.

31 PE.7 1/0 General purpose digital 1/0 pin.
PB.O 1/0 General purpose digital 1/0 pin.

32 17 13
RXDO | Data receiver input pin for UARTO.
PB.1 1/0 General purpose digital 1/0 pin.

33 18 14
TXDO (0] Data transmitter output pin for UARTO.
PB.2 1/0 General purpose digital 1/0 pin.

34 19 15
RTSO (0] Request to Send output pin for UARTO.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
12SMCLK (0] I°S master clock output pin.
SC2PWR (0] SmartCard2 power pin.
PA.14 I/0 General purpose digital I/O pin.
26 PWM2 1/0 PWM2 output/Capture input.
63 38
SC2RST O SmartCard?2 reset pin.
AD15 110 EBI Address/Data bus bit15
PA.13 1/0 General purpose digital 1/0 pin.
27 PWM1 1/0 PWM1 output/Capture input.
64 39
SC2CLK O SmartCard2 clock pin.
AD14 110 EBI Address/Data bus bit14
PA.12 110 General purpose digital I/O pin.
28 PWMO 1/0 PWMO output/Capture input.
65 40
SC2DAT (0] SmartCard2 data pin.
AD13 110 EBI Address/Data bus bit13
66 41 29 ICE_DAT /O Serial Wire Debugger Data pin
67 42 30 ICE_CLK | Serial Wire Debugger Clock pin
Power supply for 1/0 ports and LDO source for internal PLL and
68 VDD P . . .
digital circuit.
69 Vss P Ground pin for digital circuit.
70 43 31 AVss AP Ground pin for analog circuit.
PA.O 1/0 General purpose digital 1/0 pin.
71 44 32 ADCO Al ADCO analog input.
SCOPWR (0] SmartCardO power pin.
PA.1 /O General purpose digital /0 pin.
33 ADC1 Al ADC1 analog input.
72 45
SCORST (0] SmartCardO reset pin.
AD12 110 EBI Address/Data bus bit12
PA.2 1/0 General purpose digital 1/0 pin.
34 ADC2 Al ADC2 analog input.
73 46
SCOCLK (0] SmartCardO clock pin.
AD11 110 EBI Address/Data bus bit11
PA.3 1/0 General purpose digital 1/0 pin.
74 47 35
ADC3 Al ADC3 analog input.
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(CLKSEL1[1:0])

XTL12M_STB 0x0 - ; R . ] R ]
(CLKSTATUS[0])

XTL32K_STB 0x0 - - N R - _ .
(CLKSTATUS[1])

PLL_STB 0x0 - - - - - - -
(CLKSTATUS[2])

OSC10K_STB 0x0 - - - ; ; R ]
(CLKSTATUS[3])

0SC22M_STB 0x0 - ) R ; . - ]
(CLKSTATUS[4])

CLK_SW_FAIL 0x0 0x0 0x0 0x0 0x0 0x0 0x0 -
(CLKSTATUS[7])

WTE Reload Reload Reload Reload Reload Reload - -
from from from from from from

(WTCRI[7]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO

WTCR 0x0700 0x0700 0x0700 0x0700 0x0700 0x0700 - -

WTCRALT 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTRLD 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTCR 0x3F0800 0x3F0800 | Ox3F0800 | Ox3F0800 | Ox3F0800 | O0x3F0800 - -

WWDTSR 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTCVR Ox3F Ox3F Ox3F O0x3F O0x3F Ox3F - -

BS Reload Reload Reload Reload Reload Reload - -
from from from from from from

(ISPCON[1]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO

DFBADR Reload Reload Reload Reload Reload Reload - -
from from from from from from

CONFIG1 CONFIG1 CONFIG1 | CONFIG1 | CONFIG1 | CONFIG1

CBS Reload Reload Reload Reload Reload Reload - -
(ISPSTA[2:1)) from from from from from from

CONFIGO CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO
VECMAP Reload Reload Reload Reload Reload Reload - -
(ISPSTA[20:9]) base on base on base on base on base on base on

CONFIGO CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO
Other Peripheral Reset Value -
Registers
FMC Registers Reset Value

Note: *-* means that the value of register keeps original setting.

Table 6-1 Reset Value of Registers
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates the clocks for the whole chip, including system clocks and all
peripheral clocks. The clock controller also implements the power control function with the
individually clock ON/OFF control, clock source selection and clock divider. The chip enters
Power-down mode when Cortex®-M0O core executes the WHFI instruction only if the
PWR_DOWN_EN (PWRCON]J7]) bit and PD_WAIT_CPU (PWRCON[8]) bit are both set to 1.
After that, chip enters Power-down mode and waits for wake-up interrupt source triggered to
leave Power-down mode. In the Power-down mode, the clock controller turns off the external
4~24 MHz high speed crystal and internal 22.1184 MHz high speed oscillator to reduce the
overall system power consumption.
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DIVIDER_EN
(FRQDIV[4])
Enable )
divide-by-2 counter 16 chained
divide-by-2 counter
FRQDIV_CLK
— 12 |12 | 22| ... |12 12
\ \ 10000 !
\ I ooz !
L : 16to 1 CLKO
>
|1 | MuX
1110
I 1111
[—
FSEL

(FRQDIV[3:0])

Figure 6-15 Frequency Divider Block Diagram
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6.4 FLASH MEMORY CONTROLLER (FMC)

6.4.1 Overview

The NuMicro® NUC100 series has 128/64/32 Kbytes on-chip embedded Flash for application
program memory (APROM) that can be updated through ISP procedure. The In-System-
Programming (ISP) function enables user to update program memory when chip is soldered on
PCB. After chip is powered on, Cortex®-M0 CPU fetches code from APROM or LDROM decided
by boot select (CBS) in Configd. By the way, the NuMicro® NUC100 series also provides
additional DATA Flash for user to store some application dependent data. For 128 Kbytes
APROM device, the Data Flash is shared with original 128K program memory and its start
address is configurable in Configl. For 64/32 Kbytes APROM device, the Data Flash is fixed at
4K.

6.4.2 Features

Runs up to 50 MHz with zero wait state for continuous address read access
All embedded flash memory supports 512 bytes page erase

128/64/32 KB application program memory (APROM)

4 KB In-System-Programming (ISP) loader program memory (LDROM)
4KB Data Flash for 64/32 KB APROM device

Configurable Data Flash size for 128KB APROM device

Configurable or fixed 4 KB Data Flash with 512 bytes page erase unit

Supports In-Application-Programming (IAP) to switch code between APROM and
LDROM without reset

In-System-Programming (ISP) to update on-chip Flash
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6.6 General Purpose I/O (GPIO)

6.6.1 Overview

The NuMicro® NUC100 series has up to 84 General Purpose I/O pins to be shared with other
function pins depending on the chip configuration. These 84 pins are arranged in 6 ports hamed
as GPIOA, GPIOB, GPIOC, GPIOD, GPIOE and GPIOF. The GPIOA/B/C/D/E port has the
maximum of 16 pins and GPIOF port has the maximum of 4 pins. Each of the 84 pins is
independent and has the corresponding register bits to control the pin mode function and data.

The 1/0O type of each of I1/0O pins can be configured by software individually as input, output, open-
drain or Quasi-bidirectional mode. After reset, the 1/O mode of all pins are depending on
Config0[10] setting. In Quasi-bidirectional mode, /0 pin has a very weak individual pull-up
resistor which is about 110~300 KQ for Vpp is from 5.0 Vto 2.5 V.

6.6.2 Features
®  Four /O modes:
- Quasi-bidirectional
- Push-Pull output
- Open-Drain output
- Input only with high impendence
TTL/Schmitt trigger input selectable by GPx_TYPE[15:0] in GPx_MFP[31:16]
I/O pin configured as interrupt source with edge/level setting
Configurable default I/O mode of all pins after reset by Config0[10] setting
- If Config[10] is 0, all GPIO pins in input tri-state mode after chip reset
- If Config[10] is 1, all GPIO pins in Quasi-bidirectional mode after chip reset
I/O pin internal pull-up resistor enabled only in Quasi-bidirectional /O mode

®  Enabling the pin interrupt function will also enable the pin wake-up function.
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6.11 Window Watchdog Timer (WWDT)

6.11.1 Overview

The purpose of Window Watchdog Timer is to perform a system reset within a specified window
period to prevent software run to uncontrollable status by any unpredictable condition.

6.11.2 Features

®  6-bit down counter (WWDTVAL[5:0]) and 6-bit compare value (WWDTCR[21:16] — WINCMP
value) to make the window period flexible

®  Selectable maximum 11-bit WWDT clock prescale (WWDTCR[11:8] — PERIODSEL value) to
make WWDT time-out interval variable
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A=1B=15 0x2F00_0001

460800 A=1 0x0000_0001 bl A=46 0x3000_002E

- A=2,B=11 0x2B00_0002 -

A=4.B=15 0x2F00_0004

230400 A=4 0x0000_0004 e A=94 0x3000_005E

- A=6,B=11 0x2B00_0006 -

A=10,B=15 0x2F00_000A

115200 A=10 0x0000_000A e A=190 0x3000_00BE
A=14,B=11 0x2B00_000E

_ A=22,B=15 0x2F00_0016 _

57600 A=22 0x0000_0016 A=30.B=11 0x2B00_001E A=382 0x3000_017E
A=62,B=8 0x2800_003E

38400 A=34 0x0000_0022 A=46,B=11 0x2B00_002E A=574 0x3000_023E
A=34,B=15 0x2F00_0022
A=126,B=8 0x2800_007E

19200 A=T70 0x0000_0046 A=94,B=11 0x2B00_005E A=1150 0x3000_047E
A=70,B=15 0x2F00_0046
A=254,B=8 0x2800_00FE

9600 A=142 0x0000_008E | A=190,B=11 0x2B00_00BE A=2302 0x3000_08FE
A=1428=15 | 4oF00 00SE
A=510,B=8 0x2800_01FE

4800 A=286 0x0000_011E | A=382,B=11 0x2B00_017E A=4606 0x3000_11FE
A=286,B=15 | (0xoF00 011E

Table 6-7 UART Baud Rate Setting Table

The UARTO and UARTL1 controllers support the auto-flow control function that uses two low-level
signals, /CTS (clear-to-send) and /RTS (request-to-send), to control the flow of data transfer
between the chip and external devices (e.g. Modem). When auto-flow is enabled, the UART is not
allowed to receive data until the UART asserts /RTS to external device. When the number of
bytes in the RX FIFO equals the value of RTS_TRI_LEV (UA_FCR [19:16]), the /RTS is de-
asserted. The UART sends data out when UART controller detects /CTS is asserted from external
device. If a valid asserted /CTS is not detected the UART controller will not send data out.

UART Mode : MCR[LEV_RTS] =1

MCR [RTS] —I r

MCR [RTS_ST] —I

UART Mode : MCR[LEV_RTS] =0

r
MCR [RTS] —I r
L

MCR [RTS_ST] J

Figure 6-16 UART nRTS Auto-Flow Control Trigger Level

The UART controllers also provides Serial IrDA (SIR, Serial Infrared) function (User must set
IrDA_EN (UA_FUN_SEL [1]) to enable IrDA function). The SIR specification defines a short-range
infrared asynchronous serial transmission mode with 1 start bit, 8 data bits, and 1 stop bit. The
maximum data rate supports up to 115.2 Kbps (half duplex). The IrDA SIR block contains an IrDA
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6.15 Smart Card Host Interface (SC)

6.15.1 Overview

The Smart Card Interface controller (SC controller) is based on ISO/IEC 7816-3 standard and fully
compliant with PC/SC Specifications. It also provides status of card insertion/removal.

6.15.2 Features

ISO7816-3 T=0, T=1 compliant

EMV2000 compliant

Supports up to three ISO7816-3 ports

Separates receive/ transmit 4 byte entry buffer for data payloads
Programmable transmission clock frequency

Programmable receiver buffer trigger level

Programmable guard time selection (11 ETU ~ 266 ETU)

One 24-bit and two 8-bit time-out counters for Answer to Request (ATR) and waiting
times processing

Supports auto inverse convention function

Supports transmitter and receiver error retry and error retry number limitation function
Supports hardware activation sequence process

Supports hardware warm reset sequence process

Supports hardware deactivation sequence process

Supports hardware auto deactivation sequence when detecting the card removal
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6.20 USB Device Controller (USB)

6.20.1 Overview

There is one set of USB 2.0 full-speed device controller and transceiver in this device. It is
compliant with USB 2.0 full-speed device specification and supports control/bulk/interrupt/
isochronous transfer types.

In this device controller, there are two main interfaces: the APB bus and USB bus which comes
from the USB PHY transceiver. For the APB bus, the CPU can program control registers through
it. There are 512 bytes internal SRAM as data buffer in this controller. For IN or OUT transfer, it is
necessary to write data to SRAM or read data from SRAM through the APB interface or SIE. User
needs to set the effective starting address of SRAM for each endpoint buffer through “buffer
segmentation register (USB_BUFSEGx)”.

There are 6 endpoints in this controller. Each of the endpoint can be configured as IN or OUT
endpoint. All the operations including Control, Bulk, Interrupt and Isochronous transfer are
implemented in this block. The block of ENDPOINT CONTROL is also used to manage the data
sequential synchronization, endpoint states, current start address, transaction status, and data
buffer status for each endpoint.

There are four different interrupt events in this controller. They are the wake-up function, device
plug-in or plug-out event, USB events, like IN ACK, OUT ACK etc, and BUS events, like suspend
and resume, etc. Any event will cause an interrupt, and users just need to check the related event
flags in interrupt event status register (USB_INTSTS) to acknowledge what kind of interrupt
occurring, and then check the related USB Endpoint Status Register (USB_EPSTS) to
acknowledge what kind of event occurring in this endpoint.

A software-disable function is also supported for this USB controller. It is used to simulate the
disconnection of this device from the host. If user enables DRVSEO bit (USB_DRVSEQO), the USB
controller will force the output of USB_DP and USB_DM to level low and its function is disabled.
After disable the DRVSEDO bit, host will enumerate the USB device again.

Please refer to Universal Serial Bus Specification Revision 1.1

6.20.2 Features

This Universal Serial Bus (USB) performs a serial interface with a single connector type for
attaching all USB peripherals to the host system. Following is the feature list of this USB.

®  Compliant with USB 2.0 Full-Speed specification

® Provides 1 interrupt vector with 4 different interrupt events (WAKEUP, FLDET, USB
and BUS)

®  Supports Control/Bulk/Interrupt/Isochronous transfer type
Supports suspend function when no bus activity existing for 3 ms

Provides 6 endpoints for configurable Control/Bulk/Interrupt/Isochronous transfer
types and maximum 512 bytes buffer size

®  Provides remote wake-up capability
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6.21 Analog-to-Digital Converter (ADC)

6.21.1 Overview

The NuMicro® NUC100 series contains one 12-bit successive approximation analog-to-digital
converters (SAR A/D converter) with 8 input channels. The A/D converter supports three
operation modes: single, single-cycle scan and continuous scan mode. The A/D converter can be
started by software, PWM Center-aligned trigger and external STADC pin.

6.21.2 Features

® Analog input voltage range: 0~Vger
12-bit resolution and 10-bit accuracy is guaranteed
Up to 8 single-end analog input channels or 4 differential analog input channels

Up to 760 kSPS conversion rate as ADC clock frequency is 16 MHz (chip working at 5V)

Three operating modes
- Single mode: A/D conversion is performed one time on a specified channel

- Single-cycle scan mode: A/D conversion is performed one cycle on all specified
channels with the sequence from the smallest numbered channel to the largest
numbered channel

- Continuous scan mode: A/D converter continuously performs Single-cycle scan mode
until software stops A/D conversion

® An A/D conversion can be started by:
- Writing 1 to ADST bit through software
- PWM Center-aligned trigger
- External pin STADC

® Conversion results are held in data registers for each channel with valid and overrun
indicators

® Conversion result can be compared with specify value and user can select whether to
generate an interrupt when conversion result matches the compare register setting

® Channel 7 supports 3 input sources: external analog voltage, internal Band-gap voltage,
and internal temperature sensor output
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8.3 AC Electrical Characteristics

8.3.1 External 4~24 MHz High Speed Oscillator

— g ———P

0.7 Vpp
0.3 Vpp-—--
fcheL
Note: Duty cycle is 50%.

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. [ UNIT
tecHex Clock High Time 10 - - nS
teLex Clock Low Time 10 - - ns
tcLcH Clock Rise Time 2 - 15 nS
tcheL Clock Fall Time 2 - 15 nS

8.3.2 External 4~24 MHz High Speed Crystal

PARAMETER CONDITION MIN. | TYP.. | MAX. |UNIT
Operation Voltage Vpp - 25 - 5.5 \%
Temperature - -40 - 85 C
Operating Current 12 MHz at Vpp = 5V - 1 - mA
Clock Frequency External crystal 4 24 MHz

8.3.2.1 Typical Crystal Application Circuits

CRYSTAL C1 c2 R

4 MHz ~ 24 MHz 10~20pF 10~20pF without
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XT1_OUT XT1_IN

01
.._/\N\/\_.

c2 I_ R —a

Figure 8-1 Typical Crystal Application Circuit

8.3.3 External 32.768 kHz Low Speed Crystal Oscillator

PARAMETER CONDITION MIN. TYP. | MAX. | UNIT
Operation Voltage Vpp - 25 - 55 \%
Operation Temperature - -40 - 85 C
Operation Current 32.768KHz at Vpp=5V 1.5 pA
Clock Frequency External crystal - 32.768 - kHz

8.3.4 Internal 22.1184 MHz High Speed Oscillator

PARAMETER CONDITION MIN. TYP. | MAX. | UNIT
Operation Voltage Vpp - 25 - 55 \%
Center Frequency - - 22.1184 - MHz
+25C; Vop =5V -1 - +1 %
Calibrated Internal Oscillator Frequency -40°C~+85C;
-3 - +3 %
VDD=2-5 V~55V
Operation Current Vpp =5V - 500 - uA

8.3.5 Internal 10 kHz Low Speed Oscillator

PARAMETER CONDITION MIN. TYP. | MAX. | UNIT
Operation Voltage Vpp - 2.5 - 5.5 Y,
Center Frequency - - 10 - kHz
Calibrated Internal Oscillator Frequency +25C; Vop =5V -30 - +30 %
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9.3 48-pin LQFP (7x7x1.4 mm footprint 2.0 mm)
H

36 25
LAY |

=

WEUUUUUUUUIUZ

—

37— — 24
[ [
[ 1]
[ [
[ [

Hr | — —
[ 1
[ 1]
[ [
[ [
[ [

48 — — 13

ﬁ

N

[ |
come e ST AT

N

Controlling dimension : Millimeters

Dimensionininch Dimension in mm
Min |[Nom | Max | Min |Nom | Max
A - - - - - -
A1 0.002| 0.004 | 0.006 | 005 | 010 | 015
Az 0.053 |0.055 |0.057 | 135 |[140 |145

b 0.006 [0008 |0.010 | 015 [020 |025
c 0004 |0.006 [0.008 | 010 | 015 |0.20
D 0272 |0276 0280 | 690 | 7.00 | 7.10
E 0272 [0276 | 0280 | 690 | 7.00 | 7.10
e 0014 | 0020 [0.026 | 035 | 050 |065
Ho |0350 |0354 [0358 | 890 |9.00 |9.10
He |0350 |0354 |0358 | 890 |9.00 [9.10
L 0018 |0.024 | 0030 | 045 | 060 |075
L1 — Jo039| — | — |100 | —
Y — | — |oooa| — | — |o10
0 0 — | 7 0 — |7
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