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Abbreviation
A MOSI Master output slave input
APB Advanced Peripheral Bus MSB Most Significant Bit
ANA Analog Control N
APROM Application ROM NACK Not Acknowledge
B NRESET Pin reset
BOD Brown-out Detector P
BOM Bill of Materials DPLL Digital PhaseLockedLoop
BUFERRINT  Buffer Error Interrupt POR Power-on Reset
C PWM Pulse Width Modulation
CRC Cyclic Redundancy Check R
D RCC Reset and clock controller
DSSS Direct Sequence Spread Spectrum RCH 16 MHz internal high speed RC
E oscillator
Electrically Erasable Programma- 32 KHz internal low speed RC os-
EEPROM RCL
ble read only memory cillator
ESD Electro-Static discharge Receiver threshold level reached
F RDAINT interrupt
FIFO First Input First Output RF Radio frequency
FMC Flash Memory Controller RLSINT Line status interrupt
G RTOS Real Time Operating System
GC General Call RXTOINT Receiver buffer time-out interrupt
GFSK Gauss frequency Shift Keying S
GPIO General-purpose 1/O SCL Serial clock
H SDA Serial data
HXT 16 MHz external high speed crys- SLA Slave address
tal oscillator SPI Serial Peripheral Interface
I SRAM Static random access memory
12C Inter-Integrated Circuit SWD Serial Wire Debug
IAP In-Application-Programming T
ICP In-Circuit Programming TFL Transmit FIFO Level
ISM Industrial Scientific Medical TFR Transmit FIFO Read
ISP In-System Programming THR Transmit Holding Register
L THREINT Transmitter FIFO empty interrupt
LDO Low dropout regulator TMR Timer Controller
LDROM Loader ROM U
LNA Low Noise Amplifier UART Universal ~Asynchronous Re-
LSB Least significant bit ceiver/Transmitters
LVR Low Voltage Reset W
M WDT Watchdog Timer
MISO Master input slave output WWDT Window Watchdog Timer
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1 General Description

The PAN2025 is a system-on-chip (SOC), embedded with 2.4GHz radio frequency(RF) transceiver
and 32-bit microcontroller unit(MCU). The 2.4GHz transceiver is designed to operate in the world-
wide ISM frequency band at 2.400~2.483GHz. It integrates radio RF transceiver, frequency synthe-
sizer, crystal oscillator, baseband GFSK and DSSS modem, and other related modules. The
PAN2025 supports both one-to-one and one-to-multiple communication with ACK. TX power, fre-
quency channel, and data rates are configurable. Matching network and other external components
are integrated into the chip to reduce the system cost.

The 32-bit MCU supports a wide range of applications from low-end, price-sensitive designs to
computing-intensive system.

The PAN2025 can run up to 72 MHz and operate at a wide voltage range of 2.2V ~ 3.6V and
temperature range of -40°C~ +85°C. The embedded program flash size is up to 32K bytes and
SRAM size is up to 4K bytes. It also offers configurable flash size for the ISP.

The PAN2025 has many high-performance peripherals, such as 16 MHz internal RC oscillator (1%
accuracy after calibration), 1/0 port with up to 24 pins, three 32-bit timers, four UARTS, one SPI
interface, one 12C interface, one 16-bit PWM generator providing eight channels, one 8-channel 12-
bit ADC, Watchdog Timer, Window Watchdog Timer and one Brown-out Detector. All these pe-
ripherals have been integrated into the PAN2025 to reduce the number of components, board area
and system cost.

Additionally, the PAN2025 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 products. PAN2025 also supports IAP (In-Application-Programming)
function, users can switch the code execution without resetting the chip after the embedded flash is
updated. There are two kinds of packages, QFN32 and QFN40, which are compatible with Panchip’s
PAN163 and PAN159 products respectively.

1.1 Key Features

® RF
- Radio
» Frequency band: 2.400~2.483GHz
» Data rate: 1Mbps, 250Kbps
» DSSS and GFSK modulation

> RF communication mode:; PAN2025B is recommended to communicate in RX mode.
- Receiver

» -100dBm sensitivity at 1Mbps@DSSS
» -91dBm sensitivity at IMbps@GFSK
» -94dBm sensitivity at 250Kbps@GFSK
—  Transmitter
» Programmable output power: 12, 10, 8, 7, 6, 5, 4, 3, 2, 1, 0 or -4dBm
» 25mA at 0dBm output power
» 55mA at 10dBm output power
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® Core
- 32-bit MCU running up to 72 MHz
- One 24-bit system timer
—  Supports three level low power mode
—  One single-cycle 32-bit hardware multiplier
- Supports Serial Wire Debug (SWD) interface and two watch points/four breakpoints
® Built-in LDO for wide operating voltage: 2.2V to 3.6V
® Memory
- Up to 29 KB internal flash memory for program memory (APROM)
- Configurable flash memory for data memory (Data Flash)
- 2 KB internal flash memory for loader (LDROM)
- Upto 4 KB internal SRAM

® [ow Power
- Active mode RX:40mA

- Active mode TX at 0dBm:50mA

— Active mode TX at 10dBm:68mA

- Standby mode (external interrupts, CPU Power Down):0.2uA

-  Standby mode (external interrupts, CPU Power Down, SRAM retention): 1uA
- Standby mode (sleep timer running, CPU Power Down):2.5uA

- Standby mode (sleep timer running, CPU Sleep, SRAM retention): 3.3uA

® (Clock Control
- Programmable system clock sources
— 16 MHz external crystal oscillator
- Built-in 16 MHz internal high speed RC oscillator
- Built-in 32 KHz internal low speed RC oscillator
- Internal DPLL allowing CPU frequency up to maximum 72 MHz
® [/O Port
- Up to 24 general-purpose 1/O (GPIO) pins
- Four 1/0 modes:
» Quasi-bidirectional input/output
»  Push-Pull output
» Open-Drain output
» Input only with high impendence
- Schmitt trigger input
® Timer
— Provides three 32-bit timers: each timer includes one 8-bit pre-scaler counter and one 24-bit
up-counter
» Supports Event Counter mode
» Supports Toggle Output mode
» Supports external trigger in Pulse Width Measurement mode
» Supports external trigger in Pulse Width Capture mode
® WDT
- Programmable clock source and time-out period
- Supports wake-up function in Power-down mode and Idle mode
- Interrupt or reset selectable on watchdog time-out

2
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® WWDT
- Flexible WWDT time-out window period with 6-bit down-counter value and 6-bit com-
pare value

-  Supports 4-bit value to program the prescale counter’s period of WWDT counter, the pre-
scale counter is up to 11 bits
® PWM
— Up to four built-in 16-bit PWM generators, providing eight PWM outputs or four comple-
mentary pairs of PWM outputs
— Individual clock source, clock divider, 8-bit pre-scalar and dead-time generator for each
PWM generator
® UART
—  Four UART devices
-  Buffered receiver and transmitter, each with 8-byte FIFO
- Programmable baud-rate generator, baud rate up to 1 system clock
® SPI
— One SPI device
- Master frequency up to 24 MHz, and Slave frequency up to 10 MHz
- Supports Master/Slave mode
- Full-duplex synchronous serial data transfer
® I2C
— One 12C devices
- Supports Master/Slave mode
— Bidirectional data transfer between Master and Slave
® ADC
- Analog input voltage range: 0~2V or 0~VDD for PAN2025BX and PAN2025BY
- Guaranteed 12-bit resolution and 10-bit accuracy
- Up to eight single-end analog input channels, one bandgap input channel, one RSSI input
channel, one GND check channel and one voltage input channel.
® [SP (In-System Programming), ICP (In-Circuit Programming), and IAP (In-Application-Pro-
gramming) update
® BOD
- With 4 programmable threshold levels: 3.0V/2.7V/2.4V/2.2V
- Supports Brown-out interrupt and reset option
® 32-bit unique ID
® [VR
- Threshold voltage level: 2.0+0.1V
® Operating Temperature: -40°C ~85°C
® Operating Voltage: 2.2V ~ 3.6V
® Reliability:
- ESD HBM pass *£5KV
- ESD CDM pass +2KV
- ESD MM pass +300V
® Packages:
- QFN32 (5x5)
- QFN40 (5x5)
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1.2 Typical Applications
® Small flying saucer with four-axises rotor ® Smart home

® Remote control toys ® TV and set-top box remote control

2 Block Diagram

Clock Control Power Control Memory Timer /PWM Analog Interface

HS External Crystal
Osc. 16 MHz APROM 29 KB

LDO

LS Internal RC
Cortex-M0 Osc. 32 KHz IEFeIA0e ) 12-bit ADC
Watchdog Timers With 8-ch
72MHz HS Internal RC Data Flash
Osc. 16 MHz Share with APPROM

)
P
=
=
3
@
x
w

LVR, BOD ,POR

‘ AHB Bus | | APB Bus
Low Power Control Connectivity / GPIO Connectivity

Standby mode General Purpose I/0
Deep Sleep External Interrupt
Deep_Sleep mode Glitch Filter

SPIx 1

12Cx 1

UART x 4

i
l
Ik

Figure 2-1 PAN2025 Block Diagram
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3 Pin Information

3.1 QFN32-PIN
3.1.1 QFN32-Pin Diagram

P0.0/SPI10_SS / PWMO0_CH2 / UARTO_TXD / PWMO0_CH5

[32_] | P3.5/ TM1_CNT_OUT /12C0_SCL / UART3_RXD
[31] | P3.4/ TMO_CNT_OUT / 12C0_SDA/ UART3_TXD
0]

(297 | P0.1/SPI0_SS / PWMO_CH3 / UARTO_RXD / ADC_CH6
(28]

[27] | P5.0/ PWMO_CH7 / UARTO_TXD / 12C0_SDA

[267 | P5.1/ PWMO_CH6 / UARTO_RXD / 12C0_SCL

251 | GND

nRESET

TMI_EXT / PWMO_CHS5 / SPI0_SS / P0.4 2] | bvoD

UARTO_RXD / PWMO_CHS / 12C0_SCL /P5.6 [z | P15/ ADC_CH5 / UARTL_TXD / SPI0_SS

UARTO_TXD / PWMO_CH7/12C0_SDA/P5.7 NC

12C0_SCL / PWMO_CHO / UART2_TXD / P2.2 [21] | P14/ ADC_CH4 / UART1_RXD/PWMO0_CH4/ SPI0_CLK

QFN 32-PIN

12C0_SDA/ PWMO_CH1 / UART2_RXD/ P2.3 P1.3/ ADC_CH3/ UARTO_TXD / PWMO_CH1 / SPIO_MOSI

PWMO_CH2/UART1_RXD/P2.4 P1.2/ ADC_CH2/UARTO_RXD/PWMO0_CH0/ SPI0_MISO

PWMO_CH3/UARTL_TXD /P25 1877 | P1.0/ ADC_CHL1/SPI0_SS

HEEHBHEOE®

PWMO_CH4 / SPI0_SS/ P2.6 P5.3/ ADC_CHO/ SPI0_MISO

o
[10]
(1]
23
(3]
(12 ]
(e
161

ON
TOX
[40)'¢

aNod
INV
aaa

vas 00¢1/axLl TLavn/ 1va 301/ .Lvd

10570021 /AXY TLYVN /X10 301/ 9%d

Figure 3-1 PAN2025 QFN 32-PIN Diagram

3.1.2 QFN32-Pin Description

Detail pin descriptions see Table 3-1.

Table 3-1 PAN2025 QFN32 Pin Descriptions

Pin Number Pin Name Pin Type Description
1 P0.4 1/0 General Purpose Digital 1/0 Pin
SPIO_SS o SPIO SS Pin
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PWMO CHS5 o PWMO Channel5 Output Pin
TM1 EXT I Timer1 External Input Pin

2 P5.6 1/0 General Purpose Digital 1/0 Pin
12C0_SCL 1/0 12C0 CLK Pin
PWMO CH6 o PWMO Channel6 Output Pin
UARTO RXD I UARTO0 RX Pin

3 P5.7 /O General Purpose Digital I/O Pin
12C0_SDA /0 12C0 Data Pin
PWMO CH7 o PWMO Channel7 Output Pin
UARTO TXD 0] UARTO TX Pin

4 P2.2 /O General Purpose Digital I/O Pin
UART2 TXD 0] UART2 TX Pin
PWMO CHO o PWMO Channel0 Output Pin
12C0_SCL /0 12C0 CLK Pin

5 P23 /0 General Purpose Digital 1/0 Pin
UART2 RXD I UART?2 RX Pin
PWMO CHI o PWMO Channell Output Pin
12C0_SDA 1/0 12C0 Data Pin

6 P2.4 I/0 General Purpose Digital 1/0 Pin
UART1 RXD I UART1 RX Pin
PWMO CH2 0] PWMO Channel2 Output Pin

7 P2.5 /O General Purpose Digital I/O Pin
UART1 TXD 0] UART1 TX Pin
PWMO CH3 (0) PWMO Channel3 Output Pin

8 P2.6 1/0 General Purpose Digital 1/0 Pin
SPI0O_SS 0) SPIO SS Pin
PWMO CH4 o PWMO Channel4 Output Pin

9 - - -

10 XCl Al Crystal Pinl

11 XC2 AO Crystal Pin2

12 GND P Ground Pin

13 ANT AlIO Antenna Pin

14 VDD P SoC Power Supply VDD Pin

15 P4.6 1/0 General Purpose Digital 1/0 Pin
ICE CLK I ICE Clk Input Pin
UART1 RXD o UART1 RX Pin
12C0_SCL 1/0 12C0 CLK Pin
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16 P4.7 1/0 General Purpose Digital 1/0 Pin
ICE_DAT I Debug and Program Data Pin
UART1 _TXD 0] UARTI1 TX Pin
12C0_SDA /0 12C0 Data Pin

17 P53 1/0 General Purpose Digital 1/0 Pin
ADC _CHO Al ADC Channel0 Analog Input Pin
SPI0_MISO I SPI10 MISO Pin

18 P1.0 /O General Purpose Digital I/O Pin
ADC CHI1 Al ADC Channell Analog Input Pin
SPI0O_SS 0] SPIO SS Pin

19 P1.2 /O General Purpose Digital I/O Pin
ADC _CH2 Al ADC Channel2 Analog Input Pin
UARTO0 RXD I UARTO RX Pin
PWMO CHO o PWMO Channel0 Output Pin
SPI0_ MISO I SPI0 MISO Pin

20 P1.3 /0 General Purpose Digital /O Pin
ADC CH3 Al ADC Channel3 Analog Input Pin
UARTO_TXD 0] UARTO TX Pin
PWMO CHI 0) PWMO Channell Output Pin
SPI0_ MOSI I SPI0 MOSI Pin

21 P1.4 I/0 General Purpose Digital 1/0 Pin
ADC_CH4 Al ADC Channel4 Analog Input Pin
UART1 RXD I UART1 RX Pin
PWMO CH4 (0) PWMO Channel4 Output Pin
SPI0_CLK o SPI0 CLK Pin

22 - - -

23 P1.5 /O General Purpose Digital I/O Pin
ADC _CHS5 Al ADC Channel5 Analog Input Pin
UARTI1 _TXD 0] UART1 TX Pin
SPI0_SS 0] SPIO SS Pin

24 DVDD P Core Power Supply, Generated by Internal LDO

25 GND P Ground Pin

26 P5.1 1/0 General Purpose Digital 1/0 Pin
PWMO_CH6 o PWMO Channel6 Output Pin
UARTO RXD I UARTO RX Pin
12C0_SCL 1/0 12C0 CLK Pin

27 P5.0 /O General Purpose Digital I/O Pin
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PWMO CH7 o PWMO Channel7 Output Pin
UARTO_TXD 0] UARTO TX Pin
12C0_SDA /0 12C0 Data Pin

28 nRESET I Reset Pin

29 PO.1 1/0 General Purpose Digital 1/0 Pin
SPI0O_SS 0) SPIO SS Pin
PWMO CH3 o PWMO Channel3 Output Pin
UARTO RXD I UARTO RX Pin
ADC CH6 Al ADC Channel6 Analog Input Pin

30 P0.0 /O General Purpose Digital I/O Pin
PWMO CH2 o PWMO Channel2 Output Pin
UARTO TXD 0] UARTO TX Pin
SPI0O_SS 0] SPIO SS Pin
PWMO CHS5 o PWMO Channel5 Output Pin

31 P34 /0 General Purpose Digital I/O Pin
TMO_CNT_OUT 0) TMO_CNT Output Pin
12C0_SDA 1/0 [2C0 Data Pin
UART3 _TXD (0] UART3 TX Pin

32 P3.5 1/0 General Purpose Digital I/0 Pin
TMI1_CNT OUT 0) TM1_CNT Output Pin
12C0_SCL /0 12C0 CLK Pin
UART3 RXD I UART3 RX Pin

33 GND P Ground Pin
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3.2 QFN40-PIN
3.2.1 QFN40-Pin Diagram

[alya] = Q N
Z 00z 2000 00
O > Z < 0 zZ2 X X zZz Z
=
BEHHEBBEEEEH
GND | 13 3M | P4.7/ICE_DAT/UART1_TXD /12C0_SDA
NC| 3 P4.6/ ICE_CLK /UART1_RXD /12C0_SCL

SPI0_MOSI/TMO_CNT_OUT /P5.4| .30 P2.6/SP10_SS /PWMO0_CH4

UARTO_TXD / PWMO_CH2 / PWMO_CH5/ SPI0_SS/ P5.5 | 2 Z1 | P2.5/UART1_TXD /PWMO_CH3
SPI0_MISO / ADC_CHO/P5.3| C2J QFN 40-PIN [Z&8] | P2.4/UART1_RXD /PWMO_CH2
NC| 83 227 | P2.3/UART2_RXD /PWMO_CH1/12C0_SDA
SPI0_SS/ADC_CH1/P1.0| 3 P2.2/ UART2_TXD / PWMO_CHO/ 12C0_SCL
PWMO0_CHO / SPI0_MISO / UARTO_RXD / ADC_CH2/P1.2| Cx3 Z1 | P5.7/12C0_SDA / PWMO_CH7 / UARTO_TXD
PWMO_CH1/SPI0_MOSI / UARTO_TXD / ADC_CH3/P1.3| CO 273 | P5.6/12C0_SCL/PWMO_CH6 / UARTO_RXD
PWMO0_CH4/SPI0_CLK / UART1_RXD /ADC_CH4/P1.4| 0D [z | P0.4/SPI0O_SS/PWMO_CHS5/TM1_EXT

[mam}
[mpa)
[mxu}
[mes)
[mew}
mien}
[mva)
[me:m}
[macH|
[B210m]

ON

LHD 0aV /T'ed

anNo
1X3 ONL/O0LNI/Z€Ed

13S34u
ZHO OWMd/SS 0IdS/axyd 0L4vN/SHD 0WNMd/0°0d

€HO OWMd/SS 01dS/axXyd 0LdvN/9HD OAV /T'0d

GHO 2AV/Aaxl TLdvN/SS 01dS/STd

axy €14vn/710S 0021/ LNO INO TINL/S€d

axl eLdvn/vds 00zl /1NO INO OWNL/¥'ed

Figure 3-2 PAN2025 QFN 40-PIN Diagram

3.2.2 QFN40-Pin Description

Detail pin descriptions see Table 3-2.

Table 3-2 PAN2025 QFN40 Pin Descriptions

Pin Number Pin Name Pin Type Description

1 GND P Ground Pin

2 = - -

3 P5.4 /O General Purpose Digital I/O Pin
TMO0 CNT OUT o TMO_CNT Output Pin
SPI0_ MOSI I SPI0 MOSI Pin

4 P5.5 1/0 General Purpose Digital 1/0 Pin
SPI0_SS o SPIO SS Pin
PWMO CHS5 o PWMO Channel5 Output Pin
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PWMO CH2 o PWMO Channel2 Output Pin
UARTO_TXD 0] UARTO TX Pin

5 P53 1/0 General Purpose Digital 1/0 Pin
ADC _CHO Al ADC Channel0 Analog Input Pin
SPI0_ MISO I SPI0 MISO Pin

6 - - -

7 P1.0 /O General Purpose Digital I/O Pin
ADC CHI1 Al ADC Channell Analog Input Pin
SPI0O_SS 0] SPIO SS Pin

8 P1.2 /O General Purpose Digital I/O Pin
ADC _CH2 Al ADC Channel2 Analog Input Pin
UARTO0 RXD I UARTO RX Pin
SPI0_MISO 0) SPIO SS Pin
PWMO CHO o PWMO Channel0 Output Pin

9 P1.3 /O General Purpose Digital 1/0 Pin
ADC CH3 Al ADC Channel3 Analog Input Pin
UARTO_TXD 0] UARTO TX Pin
SPI0_MOSI I SPI0 MOSI Pin
PWMO CHI 0] PWMO Channell Output Pin

10 P1.4 /O General Purpose Digital I/O Pin
ADC_CH4 Al ADC Channel4 Analog Input Pin
UART1 RXD I UART1 RX Pin
SPI0_CLK 0] SPI10 CLK Pin
PWMO CH4 0] PWMO Channel4 Output Pin

11 P1.5 1/0 General Purpose Digital 1/0 Pin
ADC CHS5 Al ADC Channel5 Analog Input Pin
UART1_TXD o UART1 TX Pin
SPI0_SS 0] SPIO SS Pin

12 nRESET I Reset Pin

13 PO.1 /O General Purpose Digital I/O Pin
ADC CH6 Al ADC Channel6 Analog Input Pin
UARTO RXD I UARTO RX Pin
SPI0O_SS o SPIO SS Pin
PWMO CH3 o PWMO Channel3 Output Pin

14 GND P Ground Pin

15 P0.0 1/0 General Purpose Digital 1/0 Pin
PWMO CHS o PWMO Channel5 Output Pin

10
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UARTO_TXD 0] UARTO TX Pin
SPI0_SS 0) SPIO SS Pin
PWMO CH2 o PWMO Channel2 Output Pin

16 - - -

17 P3.1 1/0 General Purpose Digital 1/0 Pin
ADC CH7 Al ADC Channel7 Analog Input Pin

18 P3.2 /O General Purpose Digital I/O Pin
INTO I External InterruptO Input Pin
TMO0 EXT I Timer0 External Input Pin

19 P3.4 /O General Purpose Digital I/O Pin
TMO CNT OUT 0] TMO_CNT Output Pin
12C0_SDA /0 12C0 Data Pin
UART3 _TXD 0] UART3 TX Pin

20 P3.5 /O General Purpose Digital /O Pin
TMI1 _CNT OUT 0) TM1_CNT Output Pin
12C0_SCL /O 12C0 CLK Pin
UART3 RXD I UART3 RX Pin

21 P0.4 1/0 General Purpose Digital I/0 Pin
SPI0O_SS 0] SPIO SS Pin
PWMO _CHS5 o PWMO Channel5 Output Pin
TM1_EXT I Timerl External Input Pin

22 P5.6 /O General Purpose Digital I/O Pin
12C0_SCL I/’0 12C0 CLK Pin
PWMO_CH6 o PWMO Channel6 Output Pin
UARTO0 _RXD | UARTO0 RX Pin

23 P5.7 1/0 General Purpose Digital I/0 Pin
12C0_SDA 1/0 12C0 Data Pin
PWMO_CH7 o PWMO Channel7 Output Pin
UARTO_TXD 0] UARTO TX Pin

24 P2.2 /O General Purpose Digital I/O Pin
UART2 TXD 0] UART2 TX Pin
PWMO_CHO o PWMO Channel0 Output Pin
12C0_SCL 1/0 12C0 CLK Pin

25 P23 1/0 General Purpose Digital I/0 Pin
UART2 RXD I UART2 RX Pin
PWMO CHI o PWMO Channell Output Pin
12C0_SDA /0 12C0 Data Pin

26 P24 1/0 General Purpose Digital I/O Pin

11
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UART1 _RXD I UART1 RX Pin
PWMO CH2 o PWMO Channel2 Output Pin

27 P2.5 1/0 General Purpose Digital I/0 Pin
UART1 TXD 0] UARTI1 TX Pin
PWMO CH3 o PWMO Channel3 Output Pin

28 P2.6 1/0 General Purpose Digital I/0 Pin
SPI0O_SS 0) SPIO SS Pin
PWMO CH4 o PWMO Channel4 Output Pin

29 P4.6 /O General Purpose Digital I/O Pin
ICE CLK I ICE CIk Input Pin
UART1 RXD I UART1 RX Pin
12C0_SCL /0 12C0 CLK Pin

30 P4.7 /O General Purpose Digital I/0 Pin
ICE DAT I Debug and Program Data Pin
UARTI1 _TXD 0] UART1 TX Pin
12C0_SDA /O 12C0 Data Pin

31 - - -

32 - - -

33 XC1 Al Crystal Pinl

34 XC2 AO Crystal Pin2

35 - - -

36 GND P Ground Pin

37 ANT AIO Antenna Pin

38 - - -

39 VDD P Soc Power Supply VDD Pin

40 GND P Ground Pin

41 GND P Ground Pin

12
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4 Function Description

4.1 System Manager

4.1.1 Overview
System management includes the following sections:

® System Power Architecture

® System Memory Map

® Chip reset, on-chip controllers reset, and multi-functional pin control
® System Control Block Registers

4.1.2 System Power Architecture

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

® Analog power from VDD and GND, providing the power for analog module.
® Digital power from DVDD and DVSS, supplying 1.5V power for digital modules.
® Built-in capacitor for internal voltage regulator

The output of internal voltage regulator, DVDD, requires an external capacitor which is located
close to the corresponding pin. Figure 4-1 shows the power distribution of the PAN2025 for
PAN163. Figure 4-2 shows the power distribution of the PAN2025 for PAN159.

{1 aaa

L] N9

12-Bit
10 CELL SAR-ADC LVR&BOD POR 32k PA
] [ ]

PMU 3V to 1.5V RF module 16M —:% XC2
ANA LDOs IF module Crystal — XCl1

-3V Digital LOGIC DPLL

| |3V to 1.5V
DVDD LDO

1.5V Digital SRAM FLASH

ROM

L

aaada
SSAd

Figure 4-1 PAN2025 Power Architecture Diagram for PAN163
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10 CELL || ¢ &0 | | LVR&BOD Pi)R 3fk PlA

PMU 3V to 1.5V i wodile 16M —E XC2
ANA LDOs IF module Crystal [ XC1

-3V Digital LOGIC DPLL

3V to 1.5V ..
—1 VDD LDO 1.5V Digital SRAM FLASH
ROM
T
L
=)
=
99}
@2

Figure 4-2 PAN2025 Power Architecture Diagram for PAN159

4.1.3 System Memory Mapping

Table 4-1 Memory Mapping Table
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4GB 0>FFFF_FFFF
reserved |
0E000_F000 System Control
0=E000_EFFF System Co ntrol 0xE000_EDOQO | SCS_BA+0>D00
System Control 0-E000 E000 System Timer Control OXE000_E010 | SCS_BA+0>010
0>E000 DFFF AHB peripherals
reserved | Low Power and Analog Control 0x4007_0000 | ANA BA
0>5000_6000 =
Flash Memory Control 0x4005_0000 | FMC_BA
0>5000_5FFF
RF Module - Reset and Clock Control 0x4004 0000 | RCC_BA
0>5000_5000 —
- System Global Control 0x4003_0000 | SYS_BA
0>4FFF_FFFF GPIO Control 0x4002_0000 | GP_BA
reserved |
0>4008_0000 .
APB2 peripherals
0>4007_FFFF
AHB UARTS3 Control 0x4001 8000 | UART3 BA
0>4002_0000
UART?2 Control 0x4001_7000 | UART2_BA
APB? 0>400L_FFPF TIMER2 Control 0x4001_5000 | TMR2_BA
0>4001_0000 TIMER1 Control 0x4001_4000 | TMR1 BA
APBL 0>4000_FFFF UART1 Control 0x4001_3000 | UART1 BA
0>4000_0000 4 .
1GB = APBL peripherals
0>38FFF_FFFF
reserved | TIMERO Control 0x4000_8000 | TMRO_BA
0>2000_1000 WWDT Control 0x4000_7000 | WWDT_BA
0>2000_OFFF WDT Control 0x4000_6000 | WDT_BA
4KB SRAM
05 GB 0>2000_0000 ADC Control 0x4000_5000 | ADC_BA
' 0XLFFF_FFFF PWM Control 0x4000_4000 | PWM_BA
reserved | UARTO Control 0x4000_3000 | UARTO_BA
0>0000_7C00
SPI0 Control 0x4000_1000 | SPI0_BA
0>0000_7BFF
31KB on chip flash 12C0 Control 0x4000_0000 | 12C0_BA
0GB 0>0000_0000

4.1.4 Memory Organization

4.1.4.1 Overview

The PAN2025 provides 4G-byte addressing space. The addressing space assigned to on-chip con-
trollers is shown in the Table 4-2. The detailed register definition, addressing space and program-
ming details will be described in the following sections for each on-chip peripheral.

4.1.4.2 System Memory Map
The memory locations assigned to on-chip controllers are shown in the Table 4-2.

Table 4-2 Address Space Assignments for On-Chip Modules

Addressing Space Token

System Control Space (0xE000_E000 — 0xE000 EFFF)
0xE000_EDO00 — 0XxE000_EDSF SCS _BA+ 0xD00
0xE000_E010 — 0xE000_EOFF SCS_BA+ 0x010

| Modules

System Control Block Registers

System Timer Control Registers
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RF Module Space (0x5001_0000 — 0x5001_ FFFF)

0x5000_5000-0x5000_5FFF

RF_BA

‘ RF Module Registers

AHB Modules Space (0x4002_0000 — 0x4007_FFFF)

0x4007_0000-0x4007_FFFF ANA BA Analog Low Power Controller Registers
0x4005_0000-0x4005_FFFF FMC BA FMC Control Registers
0x4004_0000-0x4004 FFFF RCC BA Reset and Clock Control Registers
0x4003 _0000-0x4003 FFFF SYS BA System Global Control Registers
0x4002_0000-0x4002_FFFF GP BA GPIO (P0~P5) Control Registers

APB2 Modules Space (0x4001_0000 — 0x4001 FFFF)

0x4001_8000-0x4001 S8FFF UART3 BA UART3 Control Registers
0x4001 7000-0x4001 7FFF UART2 BA UART2 Control Registers
0x4001 5000-0x4001 SFFF TMR2 BA TIMER?2 Control Registers
0x4001 4000-0x4001 4FFF TMR1 BA TIMERI1 Control Registers
0x4001 3000-0x4001 3FFF UART1 BA UART1 Control Registers

APB1 Modules Space (0x4000 0000 — 0x4000 FFFF)

0x4000 8000-0x4000_ 8FFF TMRO BA TIMERO Control Registers
0x4000 7000-0x4000_ 7FFF WWDT BA WWDT Control Registers
0x4000_6000-0x4000_ 6FFF WDT BA WDT Control Registers
0x4000_5000-0x4000_SFFF ADC BA ADC Control Registers
0x4000_4000-0x4000_4FFF PWMO BA PWMO Control Registers
0x4000_3000-0x4000 3FFF UARTO BA UARTO Control Registers
0x4000_1000-0x4000_1FFF SPI0_BA SPIO Control Registers
0x4000_0000-0x4000_OFFF 12C0_BA 12CO0 Interface Control Registers
Flash and SRAM Memory Space

0%2000_0000 — 0x2000_OFFF SRAM BA SRAM Memory Space (4 KB)
0x0000_0000 — 0x0000_7BFF FLASH BA Flash Memory Space (31 KB)

4.1.5 Register Map

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

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

SYS_BA = 0x4003_0000

SYS _PO_MEP SYS BA+0x00 | R/W | PO Multiple Function and Input Type Control Register | 0x0000 0000
SYS P1_MFP SYS BA+0x04 | R/W | P1 Multiple Function and Input Type Control Register | 0x0000_ 0000
SYS P2_MFP SYS BA+0x08 | R/W | P2 Multiple Function and Input Type Control Register | 0x0000 0000
SYS_P3_MFP SYS BA+0x0C | R/W | P3 Multiple Function and Input Type Control Register | 0x0000_0000
SYS_P4 MFEP SYS BA+0x10 | R/W | P4 Multiple Function and Input Type Control Register | 0x0000 00CO
SYS_P5_MFP SYS BA+0x14 | R/W | P5 Multiple Function and Input Type Control Register | 0x0000 0000
SYS_REGLCTL | SYS BA+0x40 | R/W | Register Write-Protection Control Register 0x0000_0000
SYS_STATUS SYS BA+0x44 | RO | Register to reflect the status of ROM Mode 0x0000_0000
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4.1.6 Register Description

4.1.6.1 Multiple Function Port0 Control Register (SYS_P0_MFP)

Register

Offset R/W | Description Reset Value

SYS PO MFP | SYS BA+0x00 | R/W | PO Multiple Function and Input Type Control Register | 0x0000 0000

Bits

Description

[31:24]

Reserved

Reserved.

[23:16]

EXT[7:0]

PO Extend Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

[15]

ALT[7]

P0.7 Alternate Function Select Bit

Bits EXT[7] (SYS_P0O_MFP[23]), ALT[7] (SYS_PO_MFP[15]), and MFP[7] (SYS_P0_MFP[7])
determine the P0.7 function.

(0, 0, 0) = GPIO function is selected.

(0, 1, 0) = SPI0_CLK function is selected.

(0, 1, 1) =PWMO_CHO function is selected.

Others: GPIO function is selected.

[14]

ALT[6]

P0.6 Alternate Function Select Bit

Bits EXT[6] (SYS_P0O_MFP[22]), ALT[6] (SYS_P0O_MFP[14]), and MFP[6] (SYS_P0_MFP[6])
determine the P0.6 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =UART3_RXD function is selected.

(0, 1, 0) = SPI0O_MISO function is selected.

(0,1, 1) =PWMO_CHI function is selected.

Others: GPIO function is selected.

ALT[5]

P0.5 Alternate Function Select Bit

Bits EXT[5] (SYS PO _MFP[21]), ALT[5] (SYS_PO_MFP[13]), and MFP[5] (SYS_P0_MFP[5])
determine the P0.5 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =UART3_TXD function is selected.

(0, 1, 0) = SPI0_MOSI function is selected.

(0, 1, 1) =PWMO_CH4 function is selected.

Others: GPIO function is selected.

[12]

ALT[4]

P0.4 Alternate Function Select Bit

Bits EXT[4] (SYS_P0_MFP[20]), ALT[4] (SYS_P0O_MFP[12]), and MFP[4] (SYS_P0_MFP[4])
determine the P0.4 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =TADC_DATH function is selected.

(0, 1, 0) = SPIO_SS function is selected.

(0,1, 1) =PWMO_CHS function is selected.

(1,0, 1) =TM1_EXT function is selected.
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Others: GPIO function is selected.

[11] ALT[3]

P0.3 Alternate Function Select Bit

Bits EXT[3] (SYS_P0_MFP[19]), ALT[3] (SYS_P0_MFP[11]), and MFP[3] (SYS_PO_MFP[3])
determine the P0.3 function.

(0, 0, 0) = GPIO function is selected.

(0, 0, 1) = SPI1_SS function is selected.

Others: GPIO function is selected.

[10] | ALT[2]

P0.2 Alternate Function Select Bit

Bits EXT[2] (SYS_P0_MFP[18]), ALT[2] (SYS_P0_MFP[10]), and MFP[2] (SYS_PO_MFP[2])
determine the P0.2 function.

(0, 0, 0) = GPIO function is selected.

Others: GPIO function is selected.

[9] ALT[1]

P0.1 Alternate Function Select Bit

Bits EXT[1] (SYS_P0_MFP[17]), ALT[1] (SYS_P0O_MFP[9]), and MFP[1] (SYS_P0_MFP[1])
determine the P0.1 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =SPIO_SS function is selected.

(0, 1,0) =PWMO_CH3 function is selected.

(0,1, 1) = UARTO0_RXD function is selected.

(1,0, 1) =ADC _CH6 function is selected.

Others: GPIO function is selected.

[8] ALT[0]

P0.0 Alternate Function Select Bit

Bits EXT[0] (SYS PO _MFP[16]), ALT[0] (SYS_PO_MFP[8]), and MFP[0] (SYS_P0O _MFP[0])
determine the P0.0 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =TADC_CLK function is selected.

(0, 1, 0) =PWMO_CH?2 function is selected.

(0,1, 1) =UARTO_TXD function is selected.

(1, 1, 0) = SPIO_SS function is selected.

(1, 1, 1) =PWMO_CHS function is selected.

Others: GPIO function is selected.

[7:0] | MFP[7:0]

PO Multiple Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

4.1.6.2 Multiple Function Portl Control Register (SYS_P1_MFP)

Register Offset R/W | Description Reset Value

SYS P1_MFP | SYS BA+0x04 | R/W | P1 Multiple Function and Input Type Control Register | 0x0000 0000

Bits Description

[31:24] | Reserved

Reserved.

[23:16] | EXT[7:0]

P1 Extend Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
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Refer to ALT Description for details.

[15] | ALT[7]

P1.7 Alternate Function Select Bit

Bits EXT[7] (SYS_P1_MFP[23]), ALT[7] (SYS_P1 MFP[15]), and MFP[7] (SYS_P1_MFP[7])
determine the P1.7 function.

(0, 0, 0) = GPIO function is selected.

Others: GPIO function is selected.

[14] | ALT[6]

P1.6 Alternate Function Select Bit

Bits EXT[6] (SYS_P1_MFP[22]), ALT[6] (SYS_P1_MFP[14]), and MFP[6] (SYS_P1_MFP[6])
determine the P1.6 function.

(0, 0, 0) = GPIO function is selected.

(0, 1,0) = UART2_RXD function is selected.

Others: GPIO function is selected.

[13] | ALT[5]

P1.5 Alternate Function Select Bit

Bits EXT[5] (SYS_P1_MFP[21]), ALT[5] (SYS_P1_MFP[13]), and MFP[5] (SYS_P1_MFP[5])
determine the P1.5 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=ADC_CHS function is selected.

(0, 1,0) =UART1_TXD function is selected.

(0, 1, 1) = RCL function is selected.

(1,0, 1) = SPIO_SS function is selected.

Others: GPIO function is selected.

[12] | ALT[4]

P1.4 Alternate Function Select Bit

Bits EXT[4] (SYS_P1_MFP[20]), ALT[4] (SYS_P1_MFP[12]), and MFP[4] (SYS_P1_MFP[4])
determine the P1.4 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=ADC_CH4 function is selected.

(0, 1, 0) =UART1_RXD function is selected.

(0,1, 1) =PWMO_CH4 function is selected.

(1,0, 1) = SPI0_ CLK function is selected.

Others: GPIO function is selected.

[11] | ALT[3]

P1.3 Alternate Function Select Bit

Bits EXT[3] (SYS_P1 _MFP[19]), ALT[3] (SYS_P1_MFP[11]), and MFP[3] (SYS_P1_MFP[3])
determine the P1.3 function.

(0, 0, 0) = GPIO function is selected.

(0, 0, 1) =ADC_CH3 function is selected.

(0, 1, 0) = UARTO_TXD function is selected.

(0, 1, 1) =PWMO_CH]1 function is selected.

(1,0, 1) = SPI0O_MOSI function is selected.

Others: GPIO function is selected.

[10] | ALT[2]

P1.2 Alternate Function Select Bit

Bits EXT[2] (SYS_P1_MFP[18]), ALT[2] (SYS_P1_MFP[10]), and MFP[2] (SYS _P1_MFP[2])
determine the P1.2 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =ADC_CH2 function is selected.
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(0, 1,0) = UARTO0_RXD function is selected.
(0, 1, 1) =PWMO_CHO function is selected.
(1, 0, 1) = SPI0O_ MISO function is selected.
Others: GPIO function is selected.

[9]

ALT[1]

P1.1 Alternate Function Select Bit

Bits EXT[1] (SYS_P1_MFP[17]), ALT[1] (SYS_P1_MFP[9]), and MFP[1] (SYS_P1_MFP[1])
determine the P1.1 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=SPI1_CLK function is selected.

(0, 1,0) = UART2 TXD function is selected.

Others: GPIO function is selected.

(8]

ALT[0]

P1.0 Alternate Function Select Bit

Bits EXT[0] (SYS_P1_MFP[16]), ALT[0] (SYS_P1_MFP[8]), and MFP[0] (SYS_P1_MFP[0])
determine the P1.0 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=ADC_CHI1 function is selected.

(0, 1, 1) = SPIO function is selected.

Others: GPIO function is selected.

[7:0]

MFP[7:0]

P1 Multiple Function Select Bit
The pin function of P1 depends on MFP and ALT.
Refer to ALT Description for details.

4.1.6.3 Multiple Function Port2 Control Register (SYS_P2_ MFP)

Register

Offset R/W Description Reset Value

SYS P2 MFP | SYS BA+0x08 | R/'W P2 Multiple Function and Input Type Control Register | 0x0000_0000

Bits

Description

[31:24]

Reserved

Reserved.

[23:16]

EXT[7:0]

P2 Extend Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

[15]

ALT[7]

P2.7 Alternate Function Select Bit

Bits EXT[7] (SYS_P2 MFP[23]), ALT[7] (SYS_P2 MFP[15]), and MFP[7] (SYS P2 MFP[7])
determine the P2.7 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=ADC _CHS function is selected.

(0, 1,0) =TM2_EXT or TM2 function is selected.

(0,1, 1) =TADC VLD function is selected.

Others: GPIO function is selected.

[14]

ALT[6]

P2.6 Alternate Function Select Bit

Bits EXT[6] (SYS_P2 MFP[22]), ALT[6] (SYS_P2 MFP[14]), and MFP[6] (SYS_P2 MFP[6])
determine the P2.6 function.

(0, 0, 0) = GPIO function is selected.
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(0,0, 1) = SPIO_SS function is selected.
(0, 1, 0) =PWMO_CH4 function is selected.
Others: GPIO function is selected.

[13] ALT[5]

P2.5 Alternate Function Select Bit

Bits EXT[5] (SYS_P2_MFP[21]), ALT[5] (SYS_P2_MFP[13]), and MFP[5] (SYS_P2_MFP[5])
determine the P2.5 function.

(0, 0, 0) = GPIO function is selected.

(0,0,1)=UART1_TXD function is selected.

(0, 1,0) =PWMO_CH3 function is selected.

(1,0, 1) =LIMT _Q function is selected.

Others: GPIO function is selected.

[12] | ALT[4]

P2.4 Alternate Function Select Bit

Bits EXT[4] (SYS_P2_MFP[20]), ALT[4] (SYS_P2_MFP[12]), and MFP[4] (SYS_P2_MFP[4])
determine the P2.4 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=UART1_RXD function is selected.

(0, 1,0) =PWMO_CH?2 function is selected.

(1,0, 1) = LIMT I function is selected.

Others: GPIO function is selected.

[11] | ALT[3]

P2.3 Alternate Function Select Bit

Bits EXT[3] (SYS_P2 MFP[19]), ALT[3] (SYS_P2 _MFP[11]), and MFP[3] (SYS_P2 MFP[3])
determine the P2.3 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =UART2_RXD function is selected.

(0, 1,0) =PWMO_CHI function is selected.

(1,0, 1) =12C0_SDA function is selected.

Others: GPIO function is selected.

[10] | ALT[2]

P2.2 Alternate Function Select Bit

Bits EXT[2] (SYS_P2_MFP[18]), ALT[2] (SYS_P2 MFP[10]), and MFP[2] (SYS_P2 MFP[2])
determine the P2.2 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =UART2_TXD function is selected.

(0, 1, 0) =PWMO_CHO function is selected.

(1,0, 1) =12C0_SCL function is selected.

Others: GPIO function is selected.

[9] ALT[1]

P2.1 Alternate Function Select Bit

Bits EXT[1] (SYS_P2 _MFP[17]), ALT[1] (SYS_P2 MFP[9]), and MFP[1] (SYS P2 MFP[1])
determine the P2.1 function.

(0, 0, 0) = GPIO function is selected.

Others: GPIO function is selected.

[8] ALT[0]

P2.0 Alternate Function Select Bit

Bits EXT[0] (SYS_P2 MFP[16]), ALT[0] (SYS_P2 MFP[8]), and MFP[0] (SYS_P2 MFP[0])
determine the P2.0 function.

(0, 0, 0) = GPIO function is selected.
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(0, 1, 0) = INT2 function is selected.
Others: GPIO function is selected.
[7:0] MFP[7:0] | P2 Multiple Function Select Bit

The pin function of P2 depends on MFP and ALT.
Refer to ALT Description for details.

4.1.6.4 Multiple Function Port3 Control Register (SYS_P3 MFP)

Register

Offset R/W | Description Reset Value

SYS P3 MFP | SYS BA+0x0C | R/'W | P3 Multiple Function and Input Type Control Register | 0x0000_ 0000

Bits

Description

[31:16]

Reserved

Reserved.

[23:16]

EXT[7:0]

P3 Extend Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

[15]

Reserved

Reserved.

[14]

ALT[6]

P3.6 Alternate Function Select Bit

Bits EXT[6] (SYS_P3_MFP[22]), ALT[6] (SYS_P3 MFP[14]), and MFP[6] (SYS_P3 MFP[6])
determine the P3.6 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =TM1_EXT or TM1 function is selected.

Others: GPIO function is selected.

[13]

ALT[5]

P3.5 Alternate Function Select Bit

Bits EXT[5] (SYS_P3_MFP[21]), ALT[5] (SYS_P3_MFP[13]), and MFP[5] (SYS_P3_MFP[5])
determine the P3.5 function.

(0, 0, 0) = GPIO function is selected.

(0,0,1) =TM1_CNT_OUTfunction is selected.

(0, 1, 0) = 12C0_SCL function is selected.

(0,1, 1) = UART3_RXD function is selected.

(1, 0, 1) = flash_strobe function is selected.

Others: GPIO function is selected.

[12]

ALT[4]

P3.4 Alternate Function Select Bit

Bits EXT[4] (SYS_P3_MFP[20]), ALT[4] (SYS_P3_MFP[12]), and MFP[4] (SYS_P3 MFP[4])
determine the P3.4 function.

(0, 0, 0) = GPIO function is selected.

(0,0,1) =TMO_CNT_OUT function is selected.

(0, 1, 0) = 12C0_SDA function is selected.

(0,1, 1) = UART3_TXD function is selected.

Others: GPIO function is selected.

[11]

Reserved

Reserved.

[10]

ALT[2]

P3.2 Alternate Function Select Bit
Bits EXT[2] (SYS_P3_MFP[18]), ALT[2] (SYS_P3_MFP[10]), and MFP[2] (SYS_P3 MFP[2])
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determine the P3.2 function.

(0, 0, 0) = GPIO function is selected.

(0, 0, 1) = INTO function is selected.

(0, 1, 0) = TMO_EXT or TMO function is selected
(0,1, 1) = STADC function is selected.

Others: GPIO function is selected.

(9]

ALT[1]

P3.1 Alternate Function Select Bit

The pin function of P3.1 depends on P3_MFP[1] and P3_ALT[1].

Bits EXT[1] (SYS_P3_MFP[17]), ALT[1] (SYS_P3_MFP[9]), and MFP[1] (SYS_P3 MFP[1])
determine the P3.1 function.

(0, 0, 0) = GPIO function is selected.

(0,1, 1) = ADC_CHZ7 function is selected.

Others: GPIO function is selected.

(8]

ALT[0]

P3.0 Alternate Function Select Bit

Bits EXT[0] (SYS_P3_MFP[16]), ALT[0] (SYS_P3_MFP[8]), and MFP[0] (SYS_P3 MFP[0])
determine the P3.0 function.

(0, 0, 0) = GPIO function is selected.

(0,1, 1) = ADC_CHS6 function is selected.

Others: GPIO function is selected.

[7:0]

MFP[7:0]

P3 Multiple Function Select Bits
The pin function of P3 depends on MFP and ALT.
Refer to ALT Description for details.

4.1.6.5 Multiple Function Port4 Control Register (SYS_P4 MFP)

Register

Offset R/W | Description Reset Value

SYS P4 MFP | SYS BA+0x10 | R/W | P4 Multiple Function and Input Type Control Register | 0x0000_00CO0

Bits Description
[31:24] | Reserved Reserved.
[23:16] | EXT[7:0] | P4 Extend Function Select Bit

The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

[15]

ALT[7]

P4.7 Alternate Function Select Bit

Bits EXT[7] (SYS_P4 MFP[23]), ALT[7] (SYS_P4 MFP[15]), and MFP[7] (SYS_P4 MFP[7])
determine the P4.7 function.

(0, 0, 0) = GPIO function is selected.

(0, 0, 1) =ICE_DAT function is selected.

(0, 1,0) =UART1_TXD function is selected.

(0, 1, 1) =12C0_SDA function is selected.

(1, 0, 1) = flash_clk function is selected.

Others: GPIO function is selected.

[14]

ALT[6]

P4.6 Alternate Function Select Bit
Bits EXT[6] (SYS_P4 MFP[22]), ALT[6] (SYS_P4 MFP[14]), and MFP[6] (SYS_P4 MFP[6])
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determine the P4.6 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=ICE_CLK function is selected.

(0, 1,0) =UART1_RXD function is selected.
(0, 1, 1) =12C0_SCL function is selected.

(1, 0, 1) = flash_dat function is selected.
Others: GPIO function is selected.

[13:8] | Reserved Reserved.

[7:0] MFP[7:0] | P4 Multiple Function Select Bits
The pin function of P4 depends on MFP and ALT.
Refer to ALT Description for details.

4.1.6.6 Multiple Function Port5 Control Register (SYS PS5 MFP)

Register Offset R/W | Description Reset Value

SYS P5 MFP | SYS BA+0x14 | R/W | P5 Multiple Function and Input Type Control Register | 0x0000 0000

Bits Description

[31:24] | Reserved Reserved.

[23:16] | EXT[7:0] | P5 Extend Function Select Bit
The pin function of PO depends on MFP and ALT and EXT.
Refer to ALT Description for details.

[15] ALT[7] P5.7 Alternate Function Select Bit

Bits EXT[7] (SYS_P5 MFP[23]), ALT[7] (SYS_P5 MFP[15]), and MFP[7] (SYS_P5 MFP[7])
determine the P5.7 function.

(0, 0, 0) = GPIO function is selected.

(0, 1, 0) =12C0_SDA function is selected.

(0,1, 1) =PWMO_CH?7 function is selected.

(1,1, 1) =UARTO0_TXD is selected.

Others: GPIO function is selected.

[14] ALTJ[6] P5.6 Alternate Function Select Bit

Bits EXT[6] (SYS_P5 MFP[22]), ALT[6] (SYS_P5 MFP[14]), and MFP[6] (SYS_P5 MFP[6])
determine the P5.6 function.

(0, 0, 0) = GPIO function is selected.

(0, 1,0) =12C0_SCL function is selected.

(0, 1, 1) =PWMO_CHB6 function is selected.

(1,1, 1) =UARTO _RXD is selected.

Others: GPIO function is selected.

[13] ALTIS] P5.5 Alternate Function Select Bit

Bits EXT[5] (SYS_P5 MFP[21]), ALT[5] (SYS_P5_ MFP[13]), and MFP[5] (SYS_P5 MFP[5])
determine the P5.5 function.

(0, 0, 0) = GPIO function is selected.

(0, 1, 0) = SPIO_SS function is selected.

(0,1, 1) =PWMO_CHS function is selected.
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(1,0, 1) =TADC CLK function is selected.
(1,1,0) =PWMO_CH?2 function is selected.
(1,1, 1) = UARTO_TXD function is selected.
Others: GPIO function is selected.

[12] | ALT[4]

P5.4 Alternate Function Select Bit

Bits EXT[4](SYS_P5 MFP[20]), ALT[4](SYS_P5 MFP[12]),and MFP[4](SYS_P5_MFP[4]) de-
termine the P5.4 function.

(0, 0, 0) = GPIO function is selected.

(0,0,1)=TMO0_CNT_OUT function is selected.

(0, 1,0) =TADC DATL function is selected.

(0, 1, 1) = SPI0_MOSI function is selected.

Others: GPIO function is selected.

[11] | ALT[3]

P5.3 Alternate Function Select Bit

Bits EXT[3] (SYS_P5 MFP[19]), ALT[3] (SYS_P5 MFP[11]), and MFP[3] (SYS_P5 MFP[3])
determine the P5.3 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =ADC_CHO function is selected.

(0, 1, 1) = SPI0_MISO function is selected.

Others: GPIO function is selected.

[10] | ALT[2]

P5.2 Alternate Function Select Bit

Bits EXT[2] (SYS_P5 MFP[18]), ALT[2] (SYS_P5 MFP[10]), and MFP[2] (SYS_P5 MFP[2])
determine the P5.2 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1) =INTI1 function is selected.

Others: GPIO function is selected.

[9] ALT[1]

P5.1 Alternate Function Select Bit

Bits EXT[1] (SYS_P5 MFP[17]), ALT[1] (SYS_P5 MFP[9]), and MFP[1] (SYS_P5 MFP[1])
determine the P5.1 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=PWMO_CHS6 function is selected.

(0, 1, 1) = UARTO0_RXD function is selected.

(1,0, 1) = 12C0_SCL function is selected.

Others: GPIO function is selected.

[8] ALT[0]

P5.0 Alternate Function Select Bit

Bits EXT[0] (SYS_P5 MFP[16]), ALT[0] (SYS_P5 MFP[8]), and MFP[0] (SYS_P5 MFP[0])
determine the P5.0 function.

(0, 0, 0) = GPIO function is selected.

(0,0, 1)=PWMO_CH?7 function is selected.

(0, 1, 1) = UARTO_TXD function is selected.

(1,0, 1) = 12C0_SDA function is selected.

Others: GPIO function is selected.

[7:0] | MFP[7:0]

PS5 Multiple Function Select Bits
The pin function of PS5 depends on MFP and ALT.
Refer to ALT Description for details.
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4.1.6.7 Register-Write-Protection Control Register (SYS_REGLCTL)

Some of the system control registers need to be protected to avoid inadvertent write which disturbs
the chip operation. These system control registers will be protected after power on reset until the
register protection is disabled by the user. For user to program these protected registers, a register
protection disable sequence needs to be followed by a special programming. The register protection
disable sequence is writing the data 0x59, 0x16, 0x88 to the register SYS REGLCTL address at
0x5000_0100 continuously. Any different data value, different sequence or any other write to other
address during these three data writing will abort the whole sequence.

After the protection is disabled, the user can check the protection disable bit at address 0x4004_0040
bit 0 (1 is protection disable, 0 is protection enable). User can update the target protected register
value and then write any data to the address 0x4004_0040 to enable the register protection.

The REGLCTL status can be get by writing this register to disable/enable register protection, and

reading it
Register Offset R/W | Description Reset Value
SYS REGLCTL | SYS BA+0x40 R/W | Register-Write-Protection Control Register 0x0000_0000
Bits Description
[31:8] | Reserved Reserved.
[7:0] REGLCTL Register Write-protection Code (Write Only)

Some registers have write-protection function. To write these registers, these registers should be
disabled by writing the sequence value 0x59, 0x16, 0x88 to this field. After this sequence is com-
pleted, the REGLCTL bit will be set to 1 and write-protection registers can be normally written.
Register Write-protection Disable Index (Read Only)

0 = Write-protection is enabled for write-protected registers. Any writing to the protected register
is ignored.

1 = Write-protection is disabled for write-protected registers.

Protected registers are listed below:

Register Address Note

WDT CTL 0x4000_6000 Watchdog Timer Control

WDT ALTCTL 0x4000_6004 Watchdog Timer Alternative Control
RCC _IPRSTO 0x4004_0004 Peripheral Reset Control Register 0
CLK _AHB SEL 0x4004_0050 AHB Clock Source Select Control
CLK APB_SEL 0x4004 0054 Bit0,bit1 wdtsel wwdtsel

Note: The bits which are write-protected will be noted as” (Write Protect)” beside the description.

4.1.6.8 Register to reflect the status of ROM Mode (SYS_STATUS)

Register

Offset R/W | Description Reset Value

SYS_STATUS

SYS BA+0x44 R/W | Register to reflect the status of ROM Mode 0x0000_0000
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Bits Description
[31:9] | Reserved Reserved.
[8] Flash test en | Flash CP test enable bit.

1 = Flash CP test enabled

0 = Flash CP test disabled

[7:0] STATUS Register to reflect the status of ROM Mode(Read Only)
0xA5,0xA6,0xA7,0xA8,0xA9: ROM Mode

Others: Flash Mode

Note: the value of this register reflects the command that Host has issued, when PAD NRST is

active low, host transmits command by P4.6 and P4.7.

4.1.7 System Timer (SysTick)

The PAN2025MCU 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_VAL) to zero, and reload (wrap) to the value in the SysTick Reload Value Register
(SYST_LOAD) on the next clock edge, and then decrement on subsequent clocks. When the counter
transforms to zero, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.

The SYST_VAL value is UNKNOWN after 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_LOAD value
rather than an arbitrary value when it is enabled.

If the SYST_LOAD is zero, the timer will be maintained as zero after reloaded. This mechanism
can be used to disable the feature independently from the timer enable bit.

4.1.7.1 System Timer Control Register Map

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

Register 1 Offset ‘ R/W ‘ Description Reset Value
SCS Base Address:

SCS_BA = 0xE000_E000

SYST CTRL SCS_BA+0x10 | R‘'W SysTick Control and Status Register 0x0000_0000
SYST LOAD SCS_BA+0x14 | R‘'W SysTick Reload Value Register 0x00XX XXXX
SYST VAL SCS_BA+0x18 | R‘'W SysTick Current Value Register 0x00XX XXXX

4.1.7.2 System Timer Control Register

41.7.2.1.  SysTick Control and Status Register (SYST_CTRL)

Register Offset R/W Description Reset Value
SYST CTRL SCS_BA+0x10 R/W SysTick Control and Status Register 0x0000_0000
‘ Bits ‘ Description
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[31:17] | Reserved Reserved.
[16] COUNTFLAG | System Tick Counter Flag
Returns 1 if timer counted to 0 since last time this register was read.
COUNTFLAG is set by a count transition from 1 to 0.
COUNTFLAG is cleared on read or by a write to the Current Value register.
[15:3] Reserved Reserved.
[2] CLKSRC System Tick Clock Source Select Bit

0 = Clock source is optional, refer to STCLKSEL.

1 = Core clock used for SysTick timer.

[1] TICKINT System Tick Interrupt Enable Bit

0 = Counting down to 0 does not cause the SysTick exception to be pended. Software can
use COUNTFLAG to determine if a count to 0 has occurred.

1 = Counting down to 0 will cause the SysTick exception to be pended. Clearing the SysTick

Current Value register written by a register in software will not cause SysTick to be pended.

[0] ENABLE System Tick Counter Enable Bit
0 = Counter disabled.

1 = Counter enabled and will operate in a multi-shot manner.

4.1.7.2.2.  SysTick Reload Value Register (SYST_LOAD)

Register Offset R/W Description Reset Value
SYST LOAD | SCS_BA+0x14 R/W SysTick Reload Value Register 0x00XX_ XXXX
Bits Description

[31:24] Reserved Reserved.

[23:0] RELOAD System Tick Reload Value

Value to be load into the Current Value register when the counter is 0.

4.1.7.2.3. SysTick Current Value Register (SYST_VAL)

Register Offset R/W Description Reset Value
SYST_ VAL SCS_BA+0x18 R/W SysTick Current Value Register 0x00XX XXXX
Bits Description

[31:24] Reserved Reserved.

[23:0] CURRENT System Tick Current Value

Current counter value. This is the value of the counter at the time it is sampled. The counter
does not provide read-modify-write protection. The register is write-clear. A software write of
any value will clear the register to 0. Unsupported bits RAZ (see SysTick Reload Value Reg-
ister).

Any value written by a software will clear the register. RAZ are unsupported bits. (Refer to
SysTick Reload Value Register).

28



PANCHIP 2.4GHz RF Transceiver SOC

4.1.8 System Control Block Registers (SCB)

The PAN2025MCU status and operating mode control are managed by System Control Block Reg-
isters. Including CPUID, PAN2025MCU interrupt priority and PAN2025MCU power management
can be controlled by these system control registers.

4.1.8.1 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

SCS_CPUID | SCS BA+0xD00 | R CPUID Base Register 0x410C_C200
SCS_ICSR SCS _BA+0xD04 | R/W | Interrupt Control State Register 0x0000_0000
SCS_AIRCR | SCS_BA+0xDOC | R/W | Application Interrupt and Reset Control Register 0xFA05_0000
SCS_SCR SCS BA+0xD10 | R/'W | System Control Register 0x0000_0000
SCS_SHPR2 | SCS BA+0xDIC | R/W | System Handler Priority Register 2 0x0000_0000
SCS_SHPR3 | SCS_BA+0xD20 | R/W | System Handler Priority Register 3 0x0000_0000

4.1.8.2 System Control Block Register Description

41.8.2.1. CPUID Base Register (SCS_CPUID)
Register Offset R/W Description Reset Value
SCS_CPUID SCS_BA+0xD00 | R CPUID Base Register 0x410C_C200
Bits Description
[31:24] IMPLEMENTER Implementer Code
Implementer code assigned by MO_core.
[23:20] Reserved Reserved.
[19:16] PART Architecture of the Processor
Read as 0xC for MO_core parts.
[15:4] PARTNO Part Number of the Processor
Read as 0xC20.
[3:0] REVISION Revision Number
Read as 0xO0.
4.1.8.2.2. Interrupt Control State Register (SCS_ICSR)
Register Offset R/W Description Reset Value
SCS_ICSR SCS_BA+0xD04 R/W Interrupt Control State Register 0x0000_0000
‘ Bits ‘ Description

29



)

A )

PANCHIP

2.4GHz RF Transceiver SOC

[31]

NMIPENDSET

NMI Set-pending Bit

Write Operation:

0 = No effect.

1 = Change NMI exception state to pending.

Read Operation:

0 = NMI exception is not pending.

1 = NMI exception is pending.

Note: Because NMI is the highest-priority exception, normally the processor enters the NMI
exception handler as soon as it detects a writing of 1 to this bit. Enter the handler then clear
this bit to 0. This means a read of this bit by the NMI exception handler returns 1 only if the

NMI signal is reasserted while the processor is executing that handler.

[30:29]

Reserved

Reserved.

(28]

PENDSVSET

PendSV Set-pending Bit

Write Operation:

0 = No effect.

1 = Change PendSV exception state to pending.

Read Operation:

0 =PendSV exception is not pending.

1 = PendSV exception is pending.

Note: Writing 1 to this bit is the only way to set the PendSV exception state to pending.

[27]

PENDSVCLR

PendSV Clear-pending Bit

Write Operation:

0 = No effect.

1 = Remove the pending state from the PendSV exception.

Note: This bit is write-only. To clear the PENDSV bit, you must “write 0 to PENDSVSET
and write 1 to PENDSVCLR?” at the same time.

PENDSTSET

SysTick Exception Set-pending Bit

Write Operation:

0 = No effect.

1 = Changes SysTick exception state to pending.
Read Operation:

0 = SysTick exception is not pending.

1 = SysTick exception is pending.

[25]

PENDSTCLR

SysTick Exception Clear-pending Bit

Write Operation:

0 = No effect.

1 = Remove the pending state from the SysTick exception.

Note: This bit is write-only. To clear PENDST bit, “write 0 to PENDSTSET “ and “write 1
to PENDSTCLR” at the same time.

[24]

Reserved

Reserved.

(23]

ISRPREEMPT

Interrupt Preemption Bit (Read-only)

If set, a pending exception will be served on exit from the debug halt state.
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[22] ISRPENDING Interrupt Pending Flag, excluding NMI and Faults (Read-only)
0 = Interrupt not pending.
1 = Interrupt pending.
[21] Reserved Reserved.
[20:12] | VECTPENDING | Exception Number of the Highest Priority Pending Enabled Exception (Read-only)
0 = No pending exceptions.
Non-zero = Exception number of the highest priority pending enabled exception.
[11:9] | Reserved Reserved.
[8:0] VECTACTIVE Contains the Active Exception Number (Read-only)
0 = Thread mode.
Non-zero = Exception number of the currently active exception.
4.1.8.2.3. Application Interrupt and Reset Control Register (SCS_AIRCR)
Register Offset R/W | Description Reset Value
SCS_AIRCR | SCS_BA-+0xD0OC R/W | Application Interrupt and Reset Control Register 0xFA05 0000
Bits Description
[31:16] VECTORKEY Register Access Key
Write Operation:
When writing to this register, the VECTORKEY field needs to be set to 0x05FA, oth-
erwise the write operation would be ignored. The VECTORKEY filed is used to pre-
vent accidental writing to this register from resetting the system or clearing of the ex-
ception status.
Read Operation:
Read as 0xFAOS.
[15:3] Reserved Reserved.
[2] SYSRESETREQ System Reset Request
Writing 1 to this bit will cause a reset signal to be asserted to the chip to indicate a reset
is requested.
The bit is a write-only bit and is self-cleared as part of the reset sequence.
[1] VECTCLRACTIVE | Exception Active Status Clear Bit
Reserved for debug. When writing to the register, the user must write 0 to this bit,
otherwise the following behavior is unpredictable.
[0] Reserved Reserved.
4.1.8.2.4. System Control Register (SCS_SCR)
Register Offset R/W Description Reset Value
SCS_SCR SCS BA+0xD10 | R/'W System Control Register 0x0000_0000
Bits Description
[31:5] | Reserved Reserved.
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[4] SEVONPEND Send Event on Pending Bit
0 = Only enabled interrupts or events can wake-up the processor, disabled interrupts are
excluded.
1 = Enabled events and all interrupts, including disabled interrupts, can wake-up the proces-
Sor.
When an event or interrupt enters pending state, the event signal wakes up the processor
from WFE. If the processor is not waiting for an event, the event is registered and affects
next WFE.
The processor also wakes up on execution of an SEV instruction or an external event.
[3] Reserved Reserved.
[2] SLEEPDEEP Processor Deep Sleep and Sleep Mode Selection
Controls the processor to select sleep or deep sleep in low power mode:
0 = Sleep mode.
1 = Deep Sleep mode.
[1] SLEEPONEXIT | Sleep-on-exit Enable
This bit indicates sleep-on-exit when returning from Handler mode to Thread mode:
0 = Do not sleep when returning to Thread mode.
1 = Enter sleep, or deep_sleep, when returning from ISR to Thread mode.
Setting this bit to 1 enables an interrupt driven application to avoid returning to an empty
main application.
[0] Reserved Reserved.
41.8.2.5. System Handler Priority Register 2 (SCS_SHPR2)
Register Offset R/W | Description Reset Value
SCS_SHPR2 | SCS_BA+0xDI1C R/W | System Handler Priority Register 2 0x0000_0000
Bits Description
[31:30] PRSH 11 Priority of System Handler 11 — SVCall
0 denotes the highest priority and 3 denotes the lowest priority.
[29:0] Reserved Reserved.
4.1.8.2.6. System Handler Priority Register 3 (SCS_SHPR3)
Register Offset R/W Description Reset Value
SCS SHPR3 | SCS BA+0xD20 | R/W System Handler Priority Register 3 0x0000_0000
Bits Description
[31:30] PRSH 15 Priority of System Handler 15 — SysTick
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
[23:22] | PRSH 14 Priority of System Handler 14 — PendSV
0 denotes the highest priority and 3 denotes the lowest priority.
[21:0] Reserved Reserved.
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4.2 Reset and Clock Controller(RCC)

4.2.1 Overview

The RCC module can implement reset function and generate clocks for the whole chip, including
system clocks and all peripheral clocks. In regard to the reset function, chip waits for wake-up in-
terrupt source to exit Power-down mode. In Power-down mode, the clock controller turns off the
16MHz external high speed crystal (HXT) to reduce the overall system power consumption.

4.2.2 Reset

PAN2025 reset source includes:

Power-on reset (POR)

Pin reset (NnRESET)

Low voltage reset (LVR, BOD)

CPU requset reset

WDT and WWDT Time-out Reset (WDT/WWDT Reset)
MCU reset

Each module reset

Nogaks~owdE

Number 1 and 2 can reset the whole digital system including the low power mode module. Number
3~5 can reset the system except the low power mode module. Number 6 and 7 can reset each single
module.

4.2.2.1 Power-On Reset (POR)

The Power-on reset (POR) is used to generate a stable system reset signal and forces the system to
be reset when power-on to avoid unexpected behavior of MCU. When applying the power to MCU,
the POR module will detect the rising voltage and generate reset signal to system until the voltage
is ready for MCU operation. At POR reset, the PINRF (SYS_RSTSTS[1]) will be set to 1 to indicate
there is a POR reset event. The PINRF (SYS_RSTSTS[1]) bit can be cleared by writing 1 to it.
Figure 4-3 shows the waveform of Power-On reset.

VDD

Power On
Reset

Figure 4-3 Power-on Reset (POR) Waveform
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4.2.2.2 Low Voltage Reset (LVR)

Low Voltage Reset detects AVDD during system operation. When the AVDD voltage is lower than
VLVR and the state keeps longer than De-glitch time (see SYS_BLDBCTL register), chip will be
reset. The LVR reset will control the chip in reset state until the AVDD voltage rises above VLVR
and the state keeps longer than De-glitch time. The PINRF (SYS_RSTSTS[1]) will be set to 1 if the
previous reset source is NRESET reset. Figure 4-4 shows the Low Voltage Reset waveform.

(Kde—glitch time) (=de—glitch time) (=de—glitch tilj‘le)

Low Voltage
Reset

Figure 4-4 Low Voltage Reset (LVR) Waveform

4.2.2.3 Brown-out Detector Reset (BOD Reset)

If the Brown-out Detector (BOD) function is enabled by setting the Brown-out Detector Enable Bit
BODEN (ANAC_RCCCTL [24]), Brown-Out Detector function will detect AVDD during system
operation. When the AVDD voltage is lower than VBOD which is decided by BODEN
(ANAC_RCCCTL [24]) and BODVL (ANAC_RCCCTL [26:25]) and the state keeps longer than
De-glitch time (see SYS_BLDBCTL register), chip will be reset. The BOD reset will control the
chip in reset state until the AVDD voltage rises above VBOD and the state keeps longer than De-
glitch time. The default value of BODEN, BODVL and BODRSTEN is set by flash controller user
configuration register CBOVEXT (CONFIGO0[23]), CBOV (CONFIGO0[22:21]) and CBORST
(CONFIGO[20]) respectively. User can determine the initial BOD setting by setting the CONFIGO
register. Figure 4-5 shows the Brown-Out Detector waveform.
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I

! T3 !
(Kde-iglitch time) (=de—glitch time) (=de-glitch tiline)

BODOUT

BODRSTEN

Brown—out
Reset

Figure 4-5 Brown-out Detector (BOD) Waveform

4.2.3 Clock Controller

The analog clock generator consists of 6 clocks as listed below:

16MHz external crystal oscillator (HXT)

32KHz internal low speed RC oscillator (RCL) (Used in low power mode or 1.5V digital region)
16 MHz internal high speed RC oscillator (RCH)

Clock for internal AHB (CPU) (MCU_DPLL)

Clock for MODEM (RF_DPLL)

SWD clock (default as GP1O P46)

All clocks of the system are divided into two categories:
® Providing clocks to the CPU and the corresponding AHB/APB bus;

B 16MHz external crystal oscillator (HXT)
B 16MHz internal high speed RC oscillator (RCH)

B Clock for internal AHB (CPU) (MCU_DPLL)
® Providing clocks for specific IPs

B 32KHz internal low speed RC oscillator (RCL)
16MHz internal high speed RC oscillator (RCH)
16MHz external crystal oscillator (HXT)

Clock for MODEM (RF_DPLL)
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4.2.4 Clock Block Diagram

As shown in Figure 4-6, digital system clock source includes RCH, HXT, RF DPLL, MCU DPLL
and RCL. The digital clock source is composed of RCH, HXT and MCU DPLL. RCH is configured
as the default clock once powered on.

RCH

RCH

\ 4

RF_DPLL
— >

DPLL MCU_DPLL
- — »

XC1

O
xc2 [ F—

HXT
HXT >

RCL

v

RCL

Figure 4-6 Clock Generator Block Diagram

4.2.5 System Clock

The system clock(SYS_CLK) has 3 clock sources which were generated by clock generator block.
The clock source switch depends on the register AHB_CLK SEL (CLK_AHB_SELO[1:0]).
ST _CLK, APB1_CLK, APB2_CLK and AHB_CLK are generated based on SYS_CLK.

ST CLK
stcken —D_>
- (1d2/N) APB1_CLK
RCH \0 ' apblcken_:
LXT 1 dv | o dw APB2 CLK
MCU_DPLL[ div (-16) | sys_cLk| | (1, 2N) D—F
(1-16) 2 apb2ckem
AHB_CLK
° >
RCL RF_CLK

\ 4

rfcken :l )

Figure 4-7 System Clock and SysTick Block Diagram

\4

4.2.6 Peripherals Clock Source Selection

The peripheral clock has different clock source and the switch settings depends on different periph-
erals. Please to note that, while switching clock source from one to another, the user must wait until
both clock sources are running stably.
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12C0 CLK
SPI0 CLK
spiOckeﬂj—F
UARTO_CLK UART1 _CLK
)y ] )
luartOcke;
PWMO1 CLK UART2 CLK
_D—> uart2cke ) >
pwmO1cke
APB1 CLK| APB2 CLK]|
| PWM23 CLK _ UART3 CLK
. ] )
pwm23ck e
PWM45 CLK
pwm45ck?
PWM67 CLK
pwm67ck?1
ADC CLK
adccken | D—>
\ 0
0
/2048 WDT CLK 1
1 RCL
RCL
/Wdtcken
T~ ™1
0
/2048 WWDT_CLK
EE—— 0
RCL
wwdtcken 1 ~
0 RCL 0
TIMER2 CLK
1 1 | —>
RCL 0 2 L—"tmr2cken
1
MO tmrOcken TIMERO_CLK

4.2.7 APB Clock Domain Peripherals

Figure 4-8 APB Peripheral Clock

In PAN2025, there are two groups of APB, APB1 CLK and APB2 CLK. The basic clock is

AHB_CLK.

The peripheral clock has different clock sources and the switch settings depend on different periph-
erals. Please refer to APB1 Devices Clock Enable Control Register (CLK APB1 EN) and APB2
Devices Clock Enable Control Register (CLK APB2 EN) in section 5.2.7. Please to note that, while

switching clock source from one to another, user must wait until both clock sources are running

stably.
Table 4-3 Peripheral Clock Source Selection Table
APB1_CLK /2048 RCL APB1_CLK APB2_CLK
WDT Yes Yes - -
WWDT Yes Yes - -
TMRO - Yes Yes No
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TMR1 - Yes Yes No
TMR2 - Yes Yes No
12C0 - - Yes No
SPI0 - - Yes No
UARTO - - Yes No
UART1 - - No Yes
UART2 - - No Yes
UART3 - - No Yes
PWMO1 - - Yes No
PWM23 - - Yes No
PWM45 - - Yes No
PWM67 - - Yes No
ADC - - Yes No

4.2.8 Clock Control Process

4.2.8.1 AHB/CPU clock

There are three clock sources for the CPU: RCH, HXT, and MCU _DPLL. RCH is used when the
system is powerd on, MCU_DPLL is used when the chip is in normal operation. The reference clock
of MCU_DPLL can be RCH or HXT. The clock switching process is listed as follow:

1. Enable Crystal oscillator

reg_sync_3v (LP_REG _SYNC]JO0]) is set,

Waiting for synchronization to complete,

After the oscillator works stable, Hxt16_stb (CLK_STB_STATUSJ[2]) is set 1.
2. Switch the DPLL’s reference clock to a crystal oscillator

DPLL CLK_SEL(LP_MISCJO0]) is set

reg_sync_3v (LP_REG SYNCJO0]) is set

Waiting for synchronization to complete.
3. Enable MCU DPLL

EN_DPLL (LP_FL CTRL1][6]) is set

reg_sync_3v (LP_REG_SYNC]JO0]) is set

Waiting for synchronization to complete,

After the oscillator works stable, mcu_dpll_stb (CLK _STB STATUSJ3]) is set 1.
4. Switch AHB/APB clock to a MCU_DPLL

AHB CLK SEL (CLK_AHB_SEL[1:0]) is set to 10
5. Close RCH: RCH need to be closed when RF is transmitting/receiving data

RC_16M_CTRL (LP_MISC[1])is setto 0

EN_RC_16M (LP_FL CTRLI[5])issetto 0

Waiting for synchronization to complete.

4.2.8.2 RF clock

The RF module has three clocks: the AHB bus clock RF CLK, the transceiver module HXT and
RF DPLL. RF DPLL and MCU DPLL are two different outputs of the same DPLL, so the start
process of RF_ DPLL is the same as MCU DPLL. rfcken(CLK _AHB_EN][16]) is the enable signal
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for both RF_ DPLL and RCH. HXT is the source of RCH.

4.2.8.3 APB1/APB2 and peripheral clock

APB1 CLK and APB2 CLK are the 2N frequency division of AHB CLK. apblcken
(CLK_APB1_ENJ[12]) and apb2cken(CLK APB2 ENJ[11]) are respectively the enable signal for
APBI and APB2. When apb2cken(CLK APB2 ENJ11]) is set to 0, all the peripheral clocks of
APB2 are off. Othewise, the peripherals are controlled by the respective enable control bits.
APB1_CLK is the same as APB2 CLK.

4.2.9 RCC Register Map

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

Register | Offset | R/W | Description Reset Value

RCC Base Address:
RCC_BA = 0x4004_0000

RSTSTS RCC _BA+0x00 | R/'W System Reset Status Register 0x0000_0002
IPRSTO RCC BA+0x04 | R/'W Peripheral Reset Control Register 0 0x0000_0000
IPRST1 RCC BA+0x08 | R‘'W Peripheral Reset Control Register 1 0x0000_0000
BODCTL RCC _BA+0x0C | R'W Brown-out Detector Control Register 0x0000_0040
BLDBCTL RCC BA+0x10 | R'W BOD LVR De-Bounce Control Register 0x0000_ 2020
CLK_WKUP 0 RCC BA+0x40 | R‘'W Clock Wake Up Stable Timing Control Register0 0x0840_0840
CLK _WKUP 1 RCC _BA+0x44 | R'W Clock Wake Up Stable Timing Control Register1 0x0040_4040
CLK DIV 0 RCC _BA+0x48 | R'W Clock Divider Control register( 0x0001_0000
CLK DIV_1 RCC BA+0x4C | R/'W Clock Divider Control registerl 0x0000_0000
CLK AHB SEL RCC BA+0x50 | R AHB Clock Source Select Control 0x0000_0000
CLK APB_SEL RCC BA+0x54 | R/'W APB Peripherals Clock Source Select Control 0x0000_0000
CLK AHB EN RCC BA+0x58 | R/W AHB Clock Enable Control 0x0002_0002
CLK _APB1 _EN RCC BA+0x5C | R/'W APBI1 Clock Enable Control 0x0000_0000
CLK_APB2 EN RCC BA+0x60 | R/W APB2 Clock Enable Control 0x0000_0000
CLK STB_STATUS | RCC BA+0x64 | R Clock Stable Signal 0x0000 0003

4.2.10 RCC Register Description
4.2.10.1 System Reset Status Register (RSTSTS)

Register Offset R/W Description Reset Value

RSTSTS RCC_BA+0x00 R/W System Reset Status Register 0x0000_0002

Bits Description

[31:8] | Reserved Reserved.

[7] CPURF CPU Reset Flag
The CPU reset flag is set by hardware if software writes 1 to CPURST (IPRSTO[1]) to reset MCU
and Flash Memory Controller (FMC).
0 =No reset from CPU.
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1 = The MCU and FMC are reset by software setting CPURST to 1.

Note: Software can write 1 to clear this bit.

(6]

Reserved

Reserved.

(3]

SYSRF

System Reset Flag

The system reset flag is set by the “Reset Signal” from the MCU to indicate the previous reset
source.

0 = No reset from MCU

1 = The MCU had issued the reset signal to reset the system by writing 1 to the bit
SYSRESETREQ (SCS_AIRCRJ2]), Application Interrupt and Reset Control Register, address =
0xEO000EDOC) in system control registers of MCU.

Note: Software can write 1 to clear this bit.

(4]

BODRF

BOD Reset Flag

The BOD reset flag is set by the “Reset Signal” from the Brown-out Detector to indicate the
previous reset source.

0 = No reset from BOD.

1 = The BOD had issued the reset signal to reset the system.

Note: Software can write 1 to clear this bit.

(3]

LVRRF

LVR Reset Flag

The LVR reset flag is set by the “Reset Signal” from the Low-Voltage-Reset (LVR) to indicate
the previous reset source.

0 =No reset from LVR.

1 = LVR had issued the reset signal to reset the system.

Note: Software can write 1 to clear this bit.

WDTRF

WDT/WWDT Reset Flag

The WDT reset flag is set by the “Reset Signal” from the Watchdog Timer or Window Watchdog
Timer to indicate the previous reset source.

0 = No reset from watchdog timer or window watchdog timer.

1 = The watchdog timer or window watchdog timer had issued the reset signal to reset the system.

Note: Software can write 1 to clear this bit.

(1]

PINRF

NRESET Pin/POR Reset Flag

The nRESET pin reset flag is set by the “Reset Signal” from the nRESET pin or Power-on Reset
(POR) Controller to indicate the previous reset source.

0 = No reset from nRESET pin, POR.

1 =Pin nRESET, POR had issued the reset signal to reset the system.

Note: Software can write 1 to clear this bit.

(0]

CHIPRF

CHIP Reset Flag

The CHIP reset flag is set by the “Reset Signal” from the CHIPRST (IPRSTO[0]) to indicate the
previous reset source.

0 = No reset from CHIPRST.

1 = CHIPRST had issued the reset signal to reset the system.

Note: Software can write 1 to clear this bit.
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4.2.10.2 Peripheral Reset Control Register 0(IPRSTO0)
Register Offset R/W Description Reset Value
IPRSTO RCC_BA+0x04 R/W Peripheral Reset Control Register 0 0x0000_0000
Bits Description
[31:2] | Reserved Reserved.
[1] CPURST Processor Core One-shot Reset (Write Protected)

Setting this bit will only reset the processor core and Flash Memory Controller (FMC), and this
bit will automatically return to 0.

0 = Processor core operates normally.

1 = Processor core one-shot is reset.

Note: This bit is write-protected. Refer to the SYS REGLCTL register.

[0] CHIPRST CHIP One-shot Reset (Write Protected)

Setting this bit will reset the whole chip, including Processor core and all peripherals, and this bit
will automatically return to 0.

The CHIPRST is the same as the POR reset, all the chip controllers is reset and the chip settings
from flash are also reload.

0 = Chip normal operates normally.

1 = CHIP one-shot is reset.

Note: This bit is write-protected. Refer to the SYS REGLCTL register.

4.2.10.3 Peripheral Reset Control Register 1(IPRST1)

Register Offset R/W Description Reset Value
IPRST1 RCC_BA+0x08 R/W Peripheral Reset Control Register 1 0x0000_0000
Bits Description

[31:21] Reserved Reserved.

[20] RFRST RF Controller Reset

0 = RF controller operates normally.

1 = RF controller is reset.

[19:18] Reserved Reserved

[17] UART3RST UART3 Controller Reset
0 = UART3 controller operates normally.
1 = UART3 controller is reset.

[16] UART2RST UART?2 Controller Reset
0 = UART2 controller operates normally.
1 = UART2 controller is reset.

[15] GPIORST GPIO (P0~P5) Controller Reset
0 = GPIO controller operates normally.

1 = GPIO controller is reset.

[14] TMR2RST Timer2 Controller Reset
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0 = Timer2 controller operates normally.

1 = Timer2 controller is reset.

[13]

TMRIRST

Timer1 Controller Reset
0 = Timer! controller operates normally.

1 = Timerl controller is reset.

[12]

TMRORST

Timer0 Controller Reset
0 = Timer0 controller operates normally.

1 = TimerO controller is reset.

[11]

WWDTRST

WWDT Controller Reset
0 =WWDT controller operates normally.
1 = WWDT controller is reset.

[10]

WDTRST

WDT Controller Reset
0 =WDT controller operates normally.

1 = WDT controller is reset.

[9]

ADCRST

ADC Controller Reset
0 = ADC controller operates normally.

1 = ADC controller is reset.

(8]

PWMRST

PWMO Controller Reset
0 = PWMO controller operates normally.
1 = PWMO controller is reset.

[7]

UARTIRST

UART1 Controller Reset
0 =UARTTI controller operates normally.
1 = UARTT controller is reset.

(6]

UARTORST

UARTO Controller Reset
0 = UARTO controller operates normally.
1 = UARTO controller is reset.

[5:3]

Reserved

Reserved

(2]

SPIORST

SPIO0 Controller Reset
0 = SPIO controller operates normally.

1 = SPI0 controller is reset.

[1]

Reserved

Reserved

[12CORST

12C0 Controller Reset
0 =12CO0 controller operates normally.

1 =12CO0 controller is reset.

4.2.10.4 Brown-out Detector Control Register (BODCTL)

Register Offset R/W | Description Reset Value
BODCTL RCC_BA+0x0C R/W | Brown-out Detector Control Register 0x0000_0040
Bits Description

[31:7] | Reserved Reserved.

[6] BODOUT

Brown-out Detector Output Status
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1 = Brown-out Detector status output is 0, when the detected voltage is higher than BODVL
setting.
0 = Brown-out Detector status output is 1, when the detected voltage is lower than BODVL set-

ting.

[3]

Reserved

Reserved.

(4]

BODIF

Brown-out Detector Interrupt Flag

0 = Brown-out Detector does not detect any voltage draft when VDD is down through or up
through the voltage of BODVL setting.

1 = If Brown-out Detector detects the VDD is dropped through the voltage of BODVL setting or
the VDD is raised up through the voltage of BODVL setting, this bit is set to 1 and the Brown-

out interrupt is requested if Brown-out interrupt is enabled.

(3]

BODRSTEN

Brown-out Reset Enable Bit (Write Protect)

0 = Brown-out “INTERRUPT” function enabled; when the Brown-out Detector function is ena-
ble and the detected voltage is lower than the threshold, assert a signal to interrupt the MCU

1 =Brown-out “RESET” function enabled; when the Brown-out Detector function is enabled and
the detected voltage is lower than the threshold, then assert a signal to reset the chip.

Note: When the EN_ BOD is enabled and the interrupt is asserted, the interrupt will be kept till
the EN_BOD is set to 0. The interrupt for CPU can be blocked by disabling the NVIC in CPU
for BOD interrupt. Or the interrupt source can be disabled by disabling the EN_BOD and then
re-enabling the EN_ BOD function if the BOD function is required.

Default value: 0

[2:0]

Reserved

Reserved.

4.2.10.5 BOD LVR De-Bounce Control Register (BLDBCTL)

Register

Offset

R/W Description Reset Value

BLDBCTL

RCC BA+0x10

R/W

BOD LVR De-Bounce Control Register 0x0000_2020

Bits

Description

[31:14]

Reserved

Reserved.

[13:8]

LVRDBSEL

LVR De-Bounce (glitch) time Control register

[0]=1: about 24  SYS clock

[1]=1: about 27 SYS clock

[2]=1: about 29  SYS clock

[3]=1: about 2*11 SYS clock

[4]=1: about 2*13 SYS clock

[5]=1: about 2*15 SYS clock(default)

Note: If software enables more than one bit, the bit with the smallest number will be selected

and the other enabled channels will be ignored.

[7:6]

Reserved

Reserved.

[5:0]

BODDBSEL

BOD De-Bounce (glitch) time Control register
[0]=1: about 24  SYS clock
[1]=1: about 27 SYS clock
[2]=1: about 279  SYS clock
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[3]=1: about 211 SYS clock
[4]=1: about 213 SYS clock
[5]=1: about 2*15 SYS clock (default)
Note: If software enables more than one bit, the bit with the smallest number will be selected

and other enabled channels will be ignored.

4.2.10.6 Clock Wake Up Stable Timing Control Register) (CLK_WKUP_0)

[0]=1: about 2*1 HXT clock

[1]=1: about 2*3 HXT clock

[2]=1: about 25 HXT clock

[3]=1: about 27 HXT clock

[4]=1: about 2"9 HXT clock

[5]=1: about 2*11 HXT clock

[6]=1: about 2*13 HXT clock(default)512us
[7]=1: about 2*15 HXT clock

Register Offset R/W Description Reset Value
CLK WKUP 0 | RCC BA+0x40 | R/'W Clock Wake Up Stable Timing Control RegisterQ 0x0840 0840
Bits Description

[31:24] | Reserved Reserved

[23:16] | HXT 16M_WUSEL 16MHz HXT Stable Timing Select (62.5ns)

[15:8]

RCO 32K_WUSEL

RCL Stable Timing Select (31.25us) (need to update to LP)
[0]=1: about 20 RCL clock

[1]=1: about 2*1 RCL clock

[2]=1: about 2*2 RCL clock

[3]=1: about 2*3 RCL clock(default) 250us

[4]=1: about 2"4 RCL clock

[5]=1: about 25 RCL clock

[7:0]

RCO_16M_WUSEL

16MHz RC Stable Timing Select (62.5ns)
[0]=1:about 2*1 RCH clock

[1]=1: about 2*3 RCH clock

[2]=1: about 25 RCH clock

[3]=1: about 2*7 RCH clock

[4]=1: about 29 RCH clock

[5]=1: about 2*1 RCH clock

[6]=1: about 2*13 RCH clock(default)512us
[7]=1: about 2*15 RCH clock

4.2.10.7 Clock Wake Up Stable Timing Control Register1 (CLK_WKUP 1)

Register Offset R/W Description Reset Value
CLK _WKUP 1 RCC_BA+0x44 R/W Clock Wake Up Stable Timing Control Register1 0x0040_4040
‘ Bits ‘ Description
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[31:8] | Reserved Reserved
[7:0] MCU_DPLLWUSEL MCU DPLL Stable Time Selection

[0]=1: about 21 MCU DPLL clock

[1]=1: about 2°3 MCU DPLL clock

[2]=1: about 25 MCU DPLL clock

[3]=1: about 2*7 MCU DPLL clock

[4]=1: about 29 MCU DPLL clock

[5]=1: about 2°11 MCU DPLL clock

[6]=1: about 213 MCU DPLL clock(default)
[7]=1: about 2°15 MCU DPLL clock

4.2.10.8 Clock Divider Control register0) (CLK DIV _0)

Register Offset R/W Description Reset Value
CLK DIV 0 RCC BA+0x48 R/'W Clock Divider Control register( 0x0001 0000
Bits Description
[31:12] | Reserved Reserved.
[11:8] | AHB DIV AHB Clock Divider Select
[3:0]=0: clock does not divide
[3:0]=N: clock is divided, clock = 1/(N+1), (0<N<16)
[7:4] Reserved Reserved
[3:0] MCU_ DIV MCU DPLL Divider Select
[3:0]=0: clock does not divide
[3:0]=N: clock is divided, clock = 1/(N+1), (0<N<16)

4.2.10.9 Clock Divider Control registerl (CLK_DIV_1)

Register Offset R/W Description Reset Value
CLK DIV _1 RCC BA+0x4C | R/'W Clock Divider Control registerl 0x0000_0000
Bits Description
[31:12] | Reserved Reserved
[11:8] | APB2 DIV APB2 Clock Divider Select
[3:0]=0: clock does not divide
[3:0]=N: clock is divided, clock = 1/(2*N), (0<N<16)
[7:4] Reserved Reserved
[3:0] APB1 DIV APBI1 Clock Divider Select
[3:0]=0: clock does not divide
[3:0]=N: clock is divided, clock = 1/(2*N), (0<N<16)

4.2.10.10 AHB Clock Source Select Control (CLK_AHB_SEL)

Register

Offset

R/W Description

Reset Value

CLK_AHB_SEL

RCC_BA+0x50

R AHB Clock Source Select Control

0x0000 0000
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Bits Description

[31:4] | Reserved Reserved.

[3:2] DIG CLK SEL DPLL Clock Choice(Write Protected)
00 =48M
01 =57.6M
10/11 =72M

[1:0] AHB CLK SEL AHB Clock Select(Write Protected)
00=RCH
01 =HXT
10=MCU_DPLL

4.2.10.11 APB Peripherals Clock Source Select Control (CLK_APB_SEL)

Register Offset R/W Description Reset Value

CLK _APB SEL | RCC _BA+0x54 R/'W APB Peripherals Clock Source Select Control | 0x0000_0000

Bits Description
[31:20] | Reserved Reserved.
[19:18] | tmr2sel 00=APB1 CLK
01 =RCL
1x=TM2 1
[17:16] | tmrlsel 00=APBI1 _CLK
01 =RCL
1x=TMI 1
[15:4] | Reserved Reserved.
[3:2] tmrOsel 00=APBI1_CLK
01 =RCL
1x=TMO _I
[1] wwdtsel WWDT Selection(Write Protected)
0=APB1_CLK /2048
1=RCL
[0] wdtsel WDT Selection(Write Protected)
0=APB1_CLK /2048
1=RCL

4.2.10.12 AHB Clock Enable Register (CLK_AHB_EN)

Register Offset R/W Description Reset Value
CLK_AHB EN | RCC BA+0x58 R/W AHB Clock Enable Register 0x0002_0002
Bits Description
[31:17] | Reserved Reserved.
[16] rfcken RF (RF_DPLL and RF) Clock Enable

0 = Clock disabled
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1 = Clock enabled

[15:2] | Reserved Reserved.

[1] stcken System Tick Clock Enable
0 = Clock disabled
1 = Clock enabled

[0] Reserved Reserved.

4.2.10.13 APB1 Clock Enable Register (CLK_APB1_EN)

Register

Offset

R/W Description

Reset Value

CLK_APBI_EN

RCC_BA+0x5C

R/W

APBI1 Clock Enable Register

0x0000_0000

Bits

Description

[31:13] | Reserved

Reserved.

[12] apblcken

APBI1 Clock Enable
0 = Clock disabled
1 = Clock enabled

tmrOcken

[11]

Timer0 Clock Enable
0 = Clock disabled
1 = Clock enabled

[10] wwdtcken

WWDT Clock Enable
0 = Clock disabled
1 = Clock enabled

wdtcken

WDT Clock Enable
0 = Clock disabled
1 = Clock enabled

adccken

(8]

ADC Clock Enable
0 = Clock disabled
1 = Clock enabled

[7]

pwmb67cken

PWM67 Clock Enable
0 = Clock disabled
1 = Clock enabled

(6]

pwm45Scken

PWM45 Clock Enable
0 = Clock disabled
1 = Clock enabled

(3]

pwm23cken

PWM23 Clock Enable
0 = Clock disabled
1 = Clock enabled

[4]

pwmO1cken

PWMO1 Clock Enable
0 = Clock disabled
1 = Clock enabled

uartOcken

(3]

UARTO Clock Enable
0 = Clock disabled
1 = Clock enabled
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[2] Reserved Reserved

[1] spiOcken SPIO0 Clock Enable
0 = Clock disabled
1 = Clock enabled

[0] i2cOcken 12C0 Clock Enable
0 = Clock disabled
1 = Clock enabled

4.2.10.14 APB2 Clock Enable Register (CLK_APB2_EN)

Register Offset R/W Description Reset Value
CLK _APB2 EN | RCC _BA+0x60 R/W APB2 Clock Enable Register 0x0000_0000
Bits Description
[31:12] | Reserved Reserved.
[11] apb2cken APB2 Clock Enable
0 = Clock disabled
1 = Clock enabled
[10:9] | Reserved Reserved
[8] uart3cken UART3 Clock Enable
0 = Clock disabled
1 = Clock enabled
[7] uart2cken UART?2 Clock Enable
0 = Clock disabled
1 = Clock enabled
[6] Reserved Reserved
[5] tmr2cken Timer2 Clock Enable
0 = Clock disabled
1 = Clock enabled
[4] tmrlcken Timerl Clock Enable
0 = Clock disabled
1 = Clock enabled
[3] uartlcken UART1 Clock Enable
0 = Clock disabled
1 = Clock enabled
[2:0] Reserved Reserved

4.2.10.15 Clock Stable Status Register (CLK_STB _STATUS)

Register Offset R/W | Description Reset Value
CLK _STB STATUS | RCC BA+0x64 RO | Clock Stable Status Register 0x0000_0003
Bits Description

[31:5] | Reserved Reserved.
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[4] Rf dpll_stb RF DPLL Stable Flag.

0 =RF_DPLL unstable, can not be used.
1 =RF DPLL satable.

[3] Mcu_dpll_stb MCU_DPLL Stable Flag.
0=MCU_DPLL unstable, can not be used.
1 =MCU_DPLL satable.

[2] Hxt16_stb HXT Stable Flag.
0 = HXT unstable, can not be used.
1 = HXT satable.

[1] Rcl6m_stb RCH Stable Flag.
0 = RCH unstable, can not be used.
1 = RCH satable.

[0] Rc32k stb RCL Stable Flag.
0 = RCL unstable, can not be used.
1 = RCL satable.
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4.3 Analog Low Power Controller(ANA)

4.3.1 Overview

The ANA module decides whether the chip operates in low power mode. Moreover, this module can

execute the wake up function. The wake-up logic is in the 3V domain and the working logic is in
the 1.5V domain.

4.3.2 Features

® Three levels of low power mode

- Standby mode
- Sleep mode
- Deep_Sleep mode

4.3.3 Functional Description

4.3.3.1 Work State

The PAN2025 uses a low-power design with multiple voltage domains. The wake-up logic is in the
3V domain and the working logic is in the 1.5V domain.There are three levels of low power mode.
In different applications, the user can choose different mode to get the lowest power consumption
and the highest performance.Table 4-4 lists the related descriptions of each power mode.

Normal mode

Deep_Sleep
mode

Standby mode Sleep mode

Figure 4-9 Work States

Table 4-4 Power Mode Difference Table

L Wake up : .
States Descriptions Wake up time Power consumption
sources
3V digital region works.
. i . The lowest power

Deep Sleep | 1.5V(main region) LDO works Just as long as chip power . L

. All GPIO; consumption which is
mode in low power mode. up.

near 0.
No clocks.
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3V digital region  works.
) . All GPIO;
1.5V(main region) LDO works | _
. Timer
in low power mode.
. WDT
RCL clock is on.
3V digital region works.
1.5V(main region) LDO works | All GPIO; .
. ) Just as long as chip power | Lower power con-
Sleep mode | in normal mode. Timer .
) up. sumption.
RCL and RCH clocks are on, | Any interrupts
but CPU clock is off.
Only 3V region supplies.
Y g PP GPIO (P5.6);
Standby No clocks. Depend on wake up | Low power consump-
mode Only 3V region supplies. GPIO (P5.6); source activity. tion.
RCL clocks is on.. Timer
Normal ) o Working power con-
All regions are in right voltages. | - - .
mode sumption.

The low power mode is mainly implemented by the control signal which is from software to analog
part. Table 4-5 illustrates the control signals and the corresponding relationship.

Table 4-5 Relationship Between Control Signal and States

States
. Normal Deep_Sleep Sleep Standby

Control signal -
PWR_UP 1 1 1 1
EN_PMU 1 1 1 1
CE_INT 1 1 1 1
EN_LDO

- ) 1 1 1 0
(for RF region)
EN DVDD LP

- - 0 1 1 1
('small LDO)
EN RC 32K _LP 1 X 1 X
EN DPLL 1 0 0
EN RC 16M X 0 1

4.3.3.2 Low Power Process

4.3.3.21. Enter and Exit Deep_Sleep Mode

In Deep_Sleep mode, the difference between QFN32 and QFN40 packages depends on whether the
capacitor can be hung outside the DVDD.

Entering Deep_Sleep mode from normal mode:

1. Set P5.6 to input mode without pulling up; (If not woken up by P5.6, this step can be omitted)
2. Enable Timer in 3V region, enable sleep_cnt_en (LP_FL CTRLO[1]), and set the value of timer;
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o s ow

8.

(If not woken up by Timer, this step can be omitted)

Disable 1.5V region reset, and set reset_en (LP_1P5V_RST][8]) to 0.

LDO works in low power mode

Enable NVIC. Sleep int en (LP_INT CTRL[1]) and sleep _en (LP_FL CTRLO[17]) are both
setto 1.

Close the extra RCH enable bit, and set RC_16M_CTRL (LP_MISCJ[1]) to 0.

Disable LDO in 1.5V region. (Bandgap, LDO_DPLL, DPLL, XTAL and RCH are all closed,
LDO works in low power mode)

Request to enter standby mode.

Entering normal mode from Deep_Sleep mode:

1.
2.
3.

4.3.3.2.2.

Pull P5.6 high and sustain above 500us. Or
LP_TMR timer scale in 3V region is 31.25us, so 32000 is equivalent to 1 second. Or
Other GPIOs.

Enter and Exit Sleep Mode

Entering Sleep mode from normal mode:

Toe
o

If It

1.
2.

w

If it

1.
2.
3.
4.

nter Sleep mode from normal mode, there are two circumstances:
Woken up by P5.6 and 32K timer
Woken up by other peripherals

is woken up by P5.6 and 32K timer, please adhere to the following software operation process:

Set P5.6 to input mode, without pulling up; (If not woken up by P5.6, this step can be omitted)
Enable Timer in 3V region, enable sleep cnt en (LP_FL CTRLO[1]), and set the value of timer;
(If not woken up by Timer, this step can be omitted)

Disable 1.5V region reset, and set reset_en (LP_1P5V_RST][8]) to 0.

Enable NVIC. And set Sleep_int_en (LP_INT CTRL[1]) and sleep_en (LP_FL CTRLO[17])
to 1.

Enable low power mode, and set sleep_en (LP_FL CTRLO[17]) to 1.

Send WFI

is woken up by other peripherals, please adhere to the following software operation process:

Disable 1.5V region reset, and set reset_en (LP_1P5V_RST][8]) to 0.
Enable the wake up function of timerl

Enable low power mode, and set sleep_int_en (LP_FL CTRLO[17]) to 1.
Send WFI

Entering normal mode from Sleep mode:

1.
2.
3.

4.3.3.2.3.

Pull P5.6 high and sustain above 500us. Or
LP TMR timer scale in 3V region is 31.25us, so 32000 is equivalent to 1 second. Or
Other peripherals interrupts.

Enter and Exit Standby Mode
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Entering Standby mode from normal mode:

1. Set P5.6 to input mode without pulling up; (If not woken up by P5.6, this step can be omitted)
2. Enable Timer in 3V region, enable sleep_cnt_en (LP_FL CTRLO[1]), and set the value of timer;
(If not woken up by Timer, this step can be omitted)

3. Switch the system clock to RCH
4. Close XTAL, DPLL and analog LDO
5. Enable NVIC interrupt. And enable Standby int en (LP INT CTRL[1]) and sleep en

(LP_FL_CTRLO [7]).

6. Enable 1.5V region reset(close bandgap and strong LDO).

~

If SRAM retention function is enabled, LDO_ HP needs to be opened.
8. Request to enter standby mode.

Entering normal mode from Standby mode:

1. Pull P5.6 high and sustain above 500us.

Or

2. Timer scale in 3V region is 31.25us, so 32000 is equivalent to 1 second.

4.3.4 ANA Register Map
Register ‘ Offset ‘ R/W | Description Reset Value
ANA Base Address:
ANA_BA = 0x4007_0000
LP_REG SYNC ANA BA+0x00 R/W | Low Power Synchronize Register 0x0000_0000
LP_FL CTRLO ANA BA+0x04 R/W | Low Power Control Register 0x0000_0006
LP_FL CTRLI ANA BA+0x08 R/W | Low Power Flow Controll 0x0000 0737
LP_SLT ANA BA+0x0C | R/W | Low Power Sleep Time Register OxFFFF_FFFF
LP_1P5V_RST ANA BA+0x10 R/W | Digital 1.5V Region Reset Control Register | 0x0000_ 0108
LP_INT CTRL ANA BA+0x14 R/W | Low Power Interrupt Control Register 0x0000_0001
LP_ANA_CTRLO ANA BA+0x18 R/W | Low Power Analog Control0 0x0333 3336
LP_ANA_CTRLI ANA BA+0x1C | R/W | Low Power Analog Controll 0x0112_10CO0
LP_ANA_CTRL2 ANA BA+0x20 R/W | Low Power Analog Control2 0x0000_FFO00
LP_MISC ANA BA+0x24 R/W | Low Power Miscellany Register 0x0000_0002
ANA BOD LVR CTRL | ANA BA+0x28 R/W | Analog BOD&LVR Control Register 0x0000_0010
ANA _RC DPLL CTRL ANA BA+0x2C | R/W | Analog RC&DPLL Control Register 0x0001_0080
ANA_ST ANA BA+0x30 RO Analog Status Register 0x0000 0337
ANA_1P5V_RSV ANA BA+0x34 R/W | Analog 1.5V Reserved 0x0002_FF01

4.3.5 ANA Register Description

4.3.5.1 Low Power Synchronize Register (LP_REG_SYNC)
Register Offset R/W Description Reset Value
LP REG SYNC | ANA BA+0x00 | R/'W Low Power Synchronize Register 0x0000_0000
Bits Description
[31:2] | Reserved Reserved.
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[1] reg_sync_sts Register Synchronization State (Read only)

When bit[0] (reg_sync_3v) is set to 1, subsequent operation will be executed until this bit

has been cleared to 0

(0]

reg_sync 3v

1 = The register’s values are synchronized to high voltage (3V) region.

0 = The register’s values are synchronized to low voltage (1.5V) region.

4.3.5.2 Low Power Flow Control0(LP_FL_CTRLO0)

Register Offset R/W Description Reset Value
LP FL CTRLO | ANA BA+0x04 | R/'W Low Power Control Register 0x0000_0006
Bits Description

[31:29] | Reserved Reserved.

[28] en_ldo dpll sleep en Control the DPLL LDO when enter sleep mode.

0 =DPLL LDO will not be closed,;
1 =DPLL LDO will be closed

[27]

en_lIs sleep en

Control the Level Shift when enter sleep mode.
0 = Level Shift will not be closed;
1 = Level Shift will be closed.

[26]

en_dvdd hp sleep en

Control the HP LDO when enter sleep mode.
0 = HP LDO will not be closed;
1 =HP LDO will be closed

Reserved

Reserved.

en_dpll_sleep_en

Control the DPLL when enter sleep mode.
0 = DPLL will not be closed;
1 =DPLL will be closed

rcol6ém_sleep_en

Control the RCH when enter sleep mode.
0 = RCH will not be closed;
1 = RCH will be closed

[22]

rco32k sleep_en

Control the RCL when enter sleep mode.
0 = RCL will not be closed;
1 = RCL will be closed

[21]

Ipldo_sleep en

Control the LP LDO when enter sleep mode.
0 =LP LDO will not be closed;
1 =LP LDO will be closed

[20]

ce_int sleep en

Control the XTL buffer when enter sleep mode.
0 = XTL buffer will not be closed;
1 = XTL buffer will be closed

[19]

en_pm_sleep en

Control the PMU when enter sleep mode.
0 = PUM will not be closed;
1 = PMU will be closed

[18]

pwr_up sleep en

Control the XTH when enter sleep mode.
0 = XTH will not be closed ;
1 = XTH will be closed.

54




)

) )
PANCHIP 2.4GHz RF Transceiver SOC

[17] sleep_en Control the sleep function of the chip, when this bit is set to 0, Standby and Deepsleep
mode is disabled

[16] extwkupdsb External wake up disable bit. (P56)
0 = External wake up enabled
1 = External wake up disabled. Can not be woken up by P56.
Default value: 0

[15:3] | Reserved Reserved

(2]

extwkup sel

Control the wakeup pole of P56.
0 = P56 woken up by low level
1 = P56 woken up by high level

(1]

sleep_cnt_en

Low Power counter enable bit.
0 = Low power counter disabled

1 = Low power counter enabled

[0]

sleep_req

Software set this bit to 1 when request to enter sleep mode.

4.3.5.3 Low Power Flow Controll (LP_FL_CTRL1)

Register Offset R/W Description Reset Value
LP FL CTRLI1 ANA BA+0x08 | R/'W Low Power Flow Controll 0x0000 0737
Bits Description

[31:12] | Reserved Reserved.

[11]

EN_LDO DPLL

LDO_DPLL enable bit
0=LDO_DPLL enabled
1 =LDO_DPLL disabled

EN_DVDD RAM

HP LDO for SRAM enable bit.
0 =HP DVDD LDO supply for SRAM.
1 =LP DVDD LDO supply for SRAM.

[9] EN LS Level shift enable bit.
0 = Level shift disabled.
1 = Level shift enabled.
[8] EN _DVDD HP High power DVDD LDO enable bit
0 = High power DVDD LDO disabled.
1 = High power DVDD LDO enabled.
[7] Reserved Reserved.
[6] EN DPLL DPLL enable bit
0 = DPLL disabled.
1 = DPLL enabled.
[5] EN RC 16M RCH clock enable bit

0 = RCH clock disabled.
1 = RCH clock enabled.

[4]

EN_RC 32K _LP

RCL clock enable bit
0 = RCL clock disabled.
1 = RCL clock enabled.
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[3] EN DVDD LP Low power LDO enable bit
0 = Low power LDO disabled.
1 = Low power LDO enabled.
Default value: 0x1

[2] CE INT 0 = Xtal output disable
1 = Xtal output enable

[1] EN PMU 1 = Bandgap and digital LDO enable
Note: This bit can not be set to 0.

[0] PWR_UP 1 = Xtal startup
0 = Xtal not startup

4.3.5.4 Low Power Sleep Time(LP_SLT)

[0]=0 * RCL clock
[11=1 * RCL clock
[2] =2 * RCL clock
[3]1=3 * RCL clock

Register Offset R/W Description Reset Value
LP SIT ANA BA+0x0C | R/'W Low Power Sleep Time Register OxFFFF_FFFF
Bits Description

[31:0] | Sleep_time Sleep timer

4.3.5.5 Low Power 1.5V Reset Control (LP_1P5V_RST)

0 = Reserved

3 = Max time-out period is 3 *

Register Offset R/W Description Reset Value
LP_1P5V_RST ANA BA+0x10 | R/'W Digital 1.5V Region Reset Control Register | 0x0000_0108
Bits Description
[31:9] | Reserved Reserved.
[8] reset_en 1.5V reset enable bit

0 = Reset disabled.

1 = Reset enabled.
[7:0] reset_dly time Digital 1.5V Reset Delay Selection

1 = Max time-out period is 1 * RCL.
2 = Max time-out period is 2 * RCL.

RCL.

256 = Max time-out period is 256 * RCL.

4.3.5.6 Low Power Interrupt Control (LP_INT CTRL)

‘ Register ‘ Offset ‘ R/W

‘ Description

Reset Value
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| LPINT_CTRL | ANA BA+0x14 | R/W | Low Power Interrupt Control Register | 0x0000_0001
Bits Description
[31:18] | Reserved Reserved.
[17] Tmr32k wk flg 32k Timer Wake Up Flag. Write 1 to clear this bit.
[16] P56 _wk flg P56 Wake Up Flag. Write 1 to clear this bit.
[15:10] | Reserved Reserved
[9] Sleep int flg DeepSleep/Sleep Wake Up Interrupt Flag. Write 1 to clear this bit.
[8] Standby int flg Standby Wake Up Interrupt Flag. Write 1 to clear this bit.
[7:2] Reserved Reserved
[1] Sleep_int en DeepSleep/Sleep Wake Up Interrupt Enable Bit.
0 = Disabled
1 = Enabled
[0] Standby int en Standby Wake Up Interrupt Enable Bit.
0 = Disabled
1 = Enabled

4.3.5.7 Low Power Analog Control0(LP_ANA_CTRLO0)

Register

Offset

R/W | Description Reset Value

LP_ANA CTRLO

ANA BA+0x18 | R/W | Low Power Analog Control0 0x0333 3336

Bits

Description

[31:27]

Reserved

Reserved.

[26:24]

DVDD_LDO_SEL

DVDD LDO Output Voltage Selection
000 =1.32V

001 =1.393V

010 =1.466V

...(step size = 73mV)

111 =1.82V

[23]

Reserved

Reserved.

[22:20]

VDDDIV2_LDO_SEL

DIV2 LDO Output Voltage Selection.
000 =1.32V

001 =1.393Vv

010 =1.466V

...(step size = 73mV)

111 =1.82V

Reserved

Reserved.

VDDIF_LDO_SEL

IF LDO Output Voltage Selection.
000 =1.32V

001 =1.393Vv

010 =1.466V

...(step size = 73mV)

111 =1.82V
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[15]

Reserved

Reserved.

[14:12]

VDDLO_LDO_SEL

PLL LDO Output Voltage Selection.
000 =1.32V

001 =1.393V

010 =1.466V

...(step size = 73mV)

111=1.82V

[11]

Reserved

Reserved.

[10:8]

VDDVCO LDO SEL

VCO LDO Output Voltage Selection.
000 =1.32V

001 =1.393V

010 =1.466V

...(step size = 73mV)

111=1.82V

[7]

Reserved

Reserved.

[6:4]

VDDDPLL LDO_SEL

DPLL LDO Output Voltage Selection.
000 =1.32V

001 =1.393V

010 =1.466V

...(step size = 73mV)

111=1.82V

[3:1]

VDDRX_LDO_SEL

RX LDO Output Voltage Selection.
000 =1.32V

001 =1.393V

010 =1.466V

...(step size = 73mV)

111=1.82V

[0]

EN_LDO

Control the RF relate LDO, when this bit set 0, all RF LDO will shuct down.

4.3.5.8 Low Power Analog Controll(LP_ANA CTRL1)

Register Offset R/W Description Reset Value
LP ANA CTRLI | ANA BA+0x1C | R/'W Low Power Analog Controll 0x0112_10C0
Bits Description

[31:25] | Reserved Reserved.

[24] XTAL IB CTL Crystal Oscillator Current Control Bit.

[23:21] | Reserved Reserved.

[20:16] | RC_ I TUNE Charge Current Selection.

RCL output frequency can be changed through changing the value of RC 1 TUNE
00000 = 46.7nA

00001 = 48.4nA

...(step size = 1.7nA)

11111 =99nA
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[15:13] | Reserved Reserved.

[12:8] | VBG_TRIM VBG Voltage Calibration Bit
00000 = 1.2V
00001 = 1.2063V
00010 =1.2126V
...(step size = 6.3mV)
Default value: 0x10000

[7:4] DVDD LP VSEL Low Power LDO Output Voltage Selection
0000 =200mV
0001 =315mV
0010 =430mV

...(step size = 115mV)
1111 =1950mV

[3] DVDD _HP SEL High LDO Internal And External Capacitor Selection
0 = Internal capacitor

1 = External capacitor

[2] DVDD LP SEL Low LDO Internal And External Capacitor Selection
0 = Internal capacitor

1 = External capacitor

[1] Reserved Reserved.

[0] EN_SRE Low Power LDO Slew Rate Enhance Enable Bit
0 = Disabled
1 = Enabled.

4.3.5.9 Low Power Analog Control2(LP_ANA CTRL2)

Register Offset R/W Description Reset Value
LP_ANA CTRL2 | ANA BA+0x20 | R/W Low Power Analog Control2 0x0000_FF00
Bits Description

[31:18] | Reserved Reserved.

[17:16] | extclk en External Clock Enable

[1]: external RC32K clock enable bit(P56)
0 = external RC32K clock enabled

1 = external RC32K clock disabled

[0]: external RC16M clock enable bit(P51)
0 = external RC16M clock enabled

1 = external RC16M clock disabled

[15:0] | Reserved Reserved.

4.3.5.10 Low Power Miscellany(LP_MISC)

Register Offset R/W Description Reset Value

LP_MISC ANA BA+0x24 | R/W Low Power Miscellany Register 0x0000_0002
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Bits Description

[31:2] | Reserved Reserved.

[1] RC 16M_CTRL RCH Control Bit.
This bit is set when resetting. Otherwise, this bit should be cleared to 0 when executing
in low power mode.

[0] DPLL CLK SEL DPLL Reference Clock Selection
0 = RC oscillator
1 = HXT oscillator

4.3.5.11 Analog BOD&LVR Control (ANA_BOD LVR CTRL)

Register Offset R/W

Description

Reset Value

ANA_BOD LVR CTRL | ANA BA+0x28 | R/W

Analog BOD&LVR Control Register

0x0000_0010

Bits Description

[31:5] | Reserved Reserved.

[4:2] | BOD SEL
000 =2V

001 =2.2V
010 =2.4V
011 =2.6V
101 =3.0V

Others = reserved

BOD Reference Voltage Selection.

[1] EN_BOD BOD Enable Bit.
0 = BOD not work

1 = BOD works

[0] EN_LVR LVR Enable Bit.
0 =LVR not work

1 = LVR works

4.3.5.12 Analog RC&DPLL Control (ANA_RC _DPLL_CTRL)

Register Offset R/W Description Reset Value
ANA RC DPLL CTRL | ANA BA+0x2C | R/'W Analog RC&DPLL Control Register 0x0001 0080
Bits Description

[31:18] | Reserved Reserved.

[17:16] | DPLL_CP_ISEL DPLL Control Signal, used for debug.

[15:8] | Reserved Reserved.

[7:0] RC 16M_FRQ RCH Fine Tuning

4.3.5.13 Analog Status(ANA_ST)

Register Offset R/W

Description

Reset Value

RO

ANA_ST ANA_BA+0x30

Analog Status Register

0x00000337
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Bits

Description

[31:10]

Reserved.

Reserved.

[9]

En Is

[8]

En dvdd hp

[7]

Xtal en

(6]

En dpll

En rc 16m

En rc 32k Ip

En _dvdd lp

Ce int

En pmu

[0]

Pwr_up

The Current States Of The Corresponding Control Bit.
They reflect the states of register LP. FL. CTRLI in 3V region.

4.3.5.14 Analog 1.5V Reserved (ANA_1P5V_RSV)

Register Offset R/W Description Reset Value
ANA 1P5V RSV | ANA BA+0x34 | R/'W Analog 1.5V Reserved 0x0002_FFO01
Bits Description
[31:25] | Reserved Reserved.
[24] Scan_mode
[23:21] | Reserved Reserved.
[20] TST _TEMP Temperature Detection Test Enable Bit.
When this bit is set, it means to test VBG output voltage.
[19] TST _DAC_VREF DAC Reference Voltage Test Enable Bit.
When this bit is set, it means to test VBG output voltage.
[18:17] | TEMP_GC Temperature Test Gain Control:
00=0.82~1.71V
01 =0.6~1.77V
10 =0.388~1.829V
11=0.181~1.884V
[16] EN TEMP Temperature detection enable bit.
1 = Enabled
0 = Disabled
[15:3] | Reserved Reserved
[2] RESERVED LOW_1P5<2> | Adjust the current in the VCO that does not change with temperature.
Default value: 0x0
[1] RESERVED LOW_1P5<1> | Whether the output voltage of LPF is pulled down to ground.
1: Pulled down to ground
0: Not pulled down to ground.
Default value: 0x0
[0] RESERVED LOW_1P5<0> | Whether the output voltage of the CP module is voltage following.
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1: Voltage following.
0: Not voltage following.
Default value: 0x1
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4.4 RF Operation

4.4.1 Overview

A RF transceiver (TRX) is embedded in PAN2025. TRX is a GFSK transceiver operating in the
worldwide ISM frequency band at 2400~2483.5MHz. Burst mode transmission and 1Mbps or
250Kbps air data rate make them suitable for applications requiring ultra low power consumption.
The embedded packet processing engines enable their full operation with a very simple MCU as a
radio system. Auto re-transmission and auto acknowledgement give reliable link without any MCU
interference.

4.4.2 Features

® GFSK modulation

® Data rate: 1Mbps, 250Kbps

® CRCB8/CRC16

@ Support 1to 32 or 64 bytes payload length

® RF communicationmode : PAN2025B is recommended to communicate in RX mode.

4.4.3 Block Diagram

ANT »| FM Demodulator [— Data Slicer Data Slicer McU <> MCU
Interface
T A
e e 3 RQ
>
Transceiver Management State Control [« c
A 4
- Register
< FM Modulator |[€— Gaussian shaping Gaussian t?gnks
shaping
A
\ 4
XC2 XC1

Figure 4-10RF Block Diagram

4.4.4 State Control

4.4.4.1 State Control Diagram

® |Internal signal: POR,VDD

® Internal register: CE, PWR_UP_DIG, PRIM_RX, EN_AA, NO_ACK, ARC, ARD

® System information: Time out, ACK received, ARD elapsed, ARC_CNT, TX FIFO empty,
ACK packet transmitted, Packet received

TRX has built-in state machines that control the state transition between different modes.

When auto acknowledge feature is disabled, state transition will be fully controlled by MCU.
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vDD >1.9V

Power Down
PWR_UP_DI G:l PWR_UP_DIG=0

ARD elapseda

CE=1
WLARC_CNT<ARC

Time out o ACK received

TX FIFO Data Ready

EN_AA=1
NO_ACK=0

Figure 4-11 PTX (PRIM_RX=0) State Control Diagram

vDD >1.9V

PWR_UP_DIG=1

Packet received
EN_AA=1
NO_ACK=0

Figure 4-12PRX (PRIM_RX=1) State Control Diagram

4.4.4.2 Power Down Mode

In power down mode the baseband main FSM is in sleep mode with minimal current consumption.
Power down mode is entered by setting the PWR_UP_DIG or EN_ PMU_DIG bit in the CONFIG
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register to low.

4.4.4.3 Standby-1 Mode

By setting the PWR_UP_DIG bit in the CONFIG register to 1 and de-asserting CE to 0, the device
enters standby-I mode. Standby-I mode is used to minimize average current consumption while
maintaining short start-up time. In this mode, part of the crystal oscillator is active. This is also the
mode which the TRX returns to from TX or RX mode when CE is set low.

4.4.4.4 Standby-11 Mode

Compared with standby-I mode, more clock buffers are active than in standby-I mode and much
more current is used in standby-II mode. Standby-II occurs when CE is high on a PTX device with
empty TX FIFO. If a new packet is uploaded to the TX FIFO in this mode, the device will automat-
ically enter TX mode and the packet is transmitted.

4.4.4.5 TX Mode
B PTX device (PRIM_RX=0)

The TX mode is an active mode where the PTX device transmits a packet. To enter this mode from
power down mode, the PTX device must set PWR_UP_DIG bit high and PRIM_RX bit low, more-
over a payload in the TX FIFO, and a high pulse on the CE for more than 10us. The PTX device
stays in TX mode until it finishes transmitting the current packet. If CE = 0 it returns to standby-I
mode. If CE = 1, the next action is determined by the status of the TX FIFO. If the TX FIFO is not
empty the PTX device remains in TX mode, transmitting the next packet. If the TX FIFO is empty
the PTX device goes into standby-II mode.

If the auto retransmission is enabled (EN_AA=1) and auto acknowledgement is required
(NO_ACK=0), the PTX device will enter TX mode from standby-I mode when ARD elapsed and
the number of retried is less than ARC.

B PRX device (PRIM_RX=1)

The PRX device will enter TX mode from RX mode only when EN_AA=1 and NO_ACK=0 in
received packet to transmit acknowledge packet with pending payload in TX FIFO.

4.4.4.6 RX Mode
B PRX device (PRIM_RX=1)

The RX mode is an active mode where the RF radio is configured to be a receiver. To enter this
mode from standby-I mode, the PRX device must set PWR_UP_DIG bit high, PRIM_RX bit high
and the CE pin high. Or PRX device can enter this mode from TX mode after transmitting an
acknowledge packet when EN_ AA=1 and NO_ACK=0 in received packet.

In this mode the receiver demodulates the signals from the RF channel, constantly presenting the
demodulated data to the packet processing engine. The packet processing engine continuously
searches for a valid packet. If a valid packet is found (by a matching address and a valid CRC) the
payload of the packet is presented in a vacant slot in the RX FIFO. If the RX FIFO is full, the
received packet will be discarded.

The PRX device remains in RX mode until the MCU configures it to standby-I mode or power down
mode.
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B PTX device (PRIM_RX=0)

The PTX device will enter RX mode from TX mode only when EN_AA=1 and NO ACK=0 to
receive acknowledge packets.

4.4.5 Packet Processing

4.4.5.1 Packet Format
The packet format has a preamble, address, packet control, payload and CRC field.

For enhanced packet format, the packet control is 10 bits, and for normal packet format, the packet
control is 0 bit.

Packet Control 10/0 | Payload 0~32/64

Preamble 3 bytes| Address 3~5 bytes bit bytes

CRC 2/1 byte

Payload Length 7 bit PID 2 bit NO_ACK 1 bit

Figure 4-13 Packet Format
> Preamble

The preamble is a bit sequence used to detect 0 and 1 levels in the receiver. The preamble is 3 bytes
long and is 0x710F55. This is done to ensure there are enough transitions in the preamble to stabilize
the receiver.

> Address

This is an address for the receiver to ensure that the packet is detected by the target receiver. The
address field can be configured to be 3, 4, or 5 bytes long by the AW register.

The PRX device can be up to six data pipes to support up to six PTX devices with unique addresses.
All six PTX device addresses are searched simultaneously. In PRX side, the data pipes are enabled
with the bits in theEN_RXADDR register. By default only data pipe 0 are enabled.

Each data pipe address is configured in the RX_ADDR_PX registers.

Each pipe can have up to 5 bytes configurable address. Data pipe 0 and pipe 1 has a unique 5 byte
address. Data pipes 2-5 share the 4 most significant address bytes of pipe 1. The LSB byte must be
unique for all 6 pipes.

To ensure that the ACK packet from the PRX is transmitted to the correct PTX, the PRX takes the
data pipe address where it received the packet and uses it as the TX address when transmitting the
ACK packet.

On the PRX the RX ADDR Pn, defined as the pipe address, must be unique. On the PTX the
TX ADDR must be the same as the RX ADDR PO on the PTX, and as the pipe address for the
designated pipe on the PRX.

No other data pipe can receive data until complete packet is received by a data pipe that has detected

66



)

A )

PANCHIP 2.4GHz RF Transceiver SOC

its address. When multiple PTX devices are transmitting to a PRX, the ARD can be used to skew
the auto retransmission so that they only block each other once.

> Packet Control

When Dynamic Payload Length function is enabled, the packet control field contains a 7 bit payload
length field, a 2 bit PID (Packet Identity) field and, a 1 bit NO_ACK flag.

» Payload length

The payload length field is only used if the enhance function is enabled.
> PID

The 2 bit PID field is used to detect whether the received packet is new or retransmitted. PID pre-
vents the PRX device from presenting the same payload more than once to the MCU. The PID field
is incremented at the TX side for each new packet received. The PID and CRC fields are used by
the PRX device to determine whether a packet is old or new. When several data packets are lost on
the link, the PID fields may become equal to the last received PID. If a packet has the same PID as
the previous packet, BB compares the CRC sums from both packets. If the CRC sums are also equal,
the last received packet is considered a copy of the previously received packet and discarded.

> NO_ACK

The NO_ACK flag is only used when the auto acknowledgement feature is isused. Setting the flag
high, tells the receiver that the packet is not auto acknowledged.

The PTX can set the NO_ACK flag bit in the Packet Control Field with the command: W_TX PAY-
LOAD NOACK. However, the function must first be enabled in the FEATURE register by setting
the EN_ DYN_ ACK bit. When you use this option, the PTX goes directly to standby-I mode after
transmitting the packet and the PRX does not transmit an ACK packet when it receives the packet.

» Payload

The payload is the user defined content of the packet. It can be 0 to 64 bytes wide, and it is trans-
mitted on-air as it is uploaded (unmodified) to the device.

The PAN2025 provides two alternatives for handling payload length, static and dynamic payload
length. The static payload length of each of the six data pipes can be individually set.

The default option is static payload length. With static payload length all packets between a trans-
mitter and a receiver have the same length. Static payload length is set by the RX PW _Px registers.
The payload length on the transmitter side is set by the number of bytes in the TX FIFO and must
equal the value in the RX PW_Px register on the receiver side. Each pipe has its own payload length.

Dynamic Payload Length (DPL) is an alternative to static payload length. DPL enables the trans-
mitter to send packets with variable payload length to the receiver. This means that it is not necessary
for a system with different payload lengths to scale the packet length to the longest payload.

With DPL feature the PAN2025 can decode the payload length of the received packet automatically
instead of using the RX PW_Px registers. The MCU can read the length of the received payload by
using the command: R RX PL WID.

In order to enable DPL the EN_DPL bit in the FEATURE register must be set. In RX mode the
DYNPD register must be set. A PTX that transmitted to a PRX with DPL enabled must have the
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DPL PO bit in DYNPD set.
» CRC

The CRC is the error detection mechanism in the packet. The number of bytes in the CRC is set by
the CRCO bit in the CONFIG register. It may be either 1 or 2 bytes and is calculated over the address,
Field, and Payload.

The polynomial for 1 byte CRC is X® + X%+ X + 1. Initial value is 0xFF. The polynomial for 2 byte
CRC is X!'0 + X'2 + X° + 1. Initial value is OXFFFF.

No packet will be accepted on receiver side if the CRC fails when CRC is enabled.

4.4.5.2 Packet Handling

PAN2025 uses burst mode for payload transmission and receive.

The transmitter fetches payload from TX FIFO, automatically assembles it into packet and transmits
the packet in a very short burst period with 1Mbps or 250Kbps air data rate.

After transmission, if the PTX packet has the NO_ACK flag set, PAN2025 sets TX DS and gives
an active low interrupt IRQ to MCU. If the PTX is ACK packet, the PTX needs receive ACK from
the PRX and then asserts the TX DS IRQ.

The receiver automatically validates and disassembles received packets, if there is a valid packet
within the new payload, it will write the payload into RX FIFO, set RX DR and give an active low
interrupt IRQ to MCU.

When auto acknowledgement is enabled (EN_AA=1), the PTX device will automatically wait for
the acknowledge packet after transmission, and re-transmit the original packet with the delay of
ARD until an acknowledge packet is received or the number of re-transmission exceeds a threshold
ARC. If the latter happens, PAN2025 will set MAX RT and give an active low interrupt IRQ to
MCU. Two packet loss counters (ARC _CNT and PLOS_CNT) increment every time a packet is lost.
The ARC_CNT counts the number of retransmission for the current transaction. The PLOS CNT
counts the total number of retransmissions since the last channel change. ARC CNT is reset by
initiating a new transaction. PLOS_CNT is reset by writing to the RF_CH register. It is possible to
use the information in the OBSERVE TX register to make an overall assessment of the channel
quality.

The PTX device will retransmit if its RX FIFO is full but received ACK frame has payload.

As an alternative for PTX device to retransmit automatically, it is possible to manually set the
PAN2025 to retransmit a packet several times. This is done by the REUSE TX PL command.

When auto acknowledgement is enabled, the PRX device will automatically check the NO_ACK
field in the received packet. If NO ACK=0, it will automatically send an acknowledge packet to
PTX device. If EN_ACK PAY is set, the acknowledge packet can also include pending payload in
TX FIFO.

4.4.6 Data and Control Interface
4.4.6.1 TX/RX FIFO

The data FIFOs are used to store payloads that are transmitted (TX FIFO) or payloads that are re-
ceived and ready to be clocked out (RX FIFO). The FIFOs are accessible in both PTX mode and
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PRX mode.
The following FIFOs are present in PAN2025:

B TX two level 32 byte FIFO or one level 64 byte FIFO
B RX two level 32 byte FIFO or one level 64 byte FIFO

Both FIFOs have a controller and are accessible by using dedicated commands. A TX FIFO in PRX
can store payload for ACK packets to two different PTX devices. If the TX FIFO contains more
than one payload to a pipe, payloads are handled using the first in first out principle. The TX FIFO
in a PRX is blocked if all pending payloads are addressed to pipes where the link to the PTX is lost.
In this case, the MCU can flush the TX FIFO by using the FLUSH TX command.

The users can write payload into TX FIFO in PTX mode by W _TX PAYLOAD and
W_TX NO_ACK commands. The users also can write payload for ACK packets into TX FIFO in
PRX mode by W_ACK PAYLOAD command. If TX DS and MAX RT interruptions happen, pay-
load is cleared in the TX FIFO.

The users can read payload in RX FIFO in PRX mode by R RX PAYLOAD command or read ACK
payload in RX FIFO in PTX mode by R RX PAYLOAD command. In DYNPD mode the length
of the payload needs to be read by R RX PL. WID command. The payload is cleared in the RX
FIFO, while the users can use R RX PAYLOAD command to finish reading payload.

In the FIFO_STATUS register it is possible to read if the TX and RX FIFO are full or empty. The
TX REUSE bit is also available in the FIFO_STATUS register. TX REUSE is set by the command
REUSE TX PL and is reset by the command W_TX PAYLOAD or FLUSH TX.

RX FIFO

32 byte
32 byte

‘ RX FIFO Controller ‘447Contr014—7

RF
Command
decoder

BUS

‘ TX FIFO Controller ‘447Contr014—7

TX FIFO

32 byte
32 byte

Figure 4-14 FIFO Block Diagram

4.4.6.2 Interrupt

In PAN2025 there is an active low interrupt (IRQ), which is activated when TX DS IRQ, RX DR
IRQ or MAX RT IRQ are set high by the state machine in the STATUS register. The IRQ resets
when MCU writes '1' to the IRQ source bit in the STATUS register. The IRQ mask in the CONFIG
register is used to select the IRQ sources that are allowed to assert the IRQ. By setting one of the
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MASK bit high, the corresponding IRQ source is disabled. By default all IRQ sources are enabled.

The 3 bit pipe information in the STATUS register is updated during the IRQ high to low transition.
If the STATUS register is read during an IRQ high to low transition, the pipe information is unreli-
able.

4.4.7 RF Register Map

Register ‘ Offset | R/W l Description Reset Value
RF Base Address:

RF_BA = 0x5000_5000

CONFIG RF BA+0x000 | R/W | Configuration register 0x0C
EN_AA RF BA+0x004 | R/W | RX Auto-reply Enable Register 0x01
EN_RXADDR RF BA+0x008 | R/-W | RX Channel Enable Register 0x01
SETUP_AW RF BA+0x00C | R/'W | Address Widths Configuration Register 0x03
SETUP_RETR RF BA+0x010 | R/'W | Auto Transmission Configuration Register 0x03
RF_CH RF BA+0x014 | R/-W | RF Channel Configuration Register 0x4E
RF_SETUP RF BA+0x018 | R/'W | RF Parameter Configuration Register 0x00
STATUS RF BA+0x01C | R/'W | Status Register 0x0E
OBSERVE TX RF BA+0x020 | R Transmit State Register 0x00
DATAOUT_0 RF BA+0x024 | R Data Read Register0 (used for test) 0x00
DATAOUT 1 RF BA+0x028 | R Data Read Registerl (used for test) 0x80
DATAOUT 2 RF _BA+0x02C | R Data Read Register2 (used for test) 0xF8
DATAOUT_3 RF_BA+0x030 | R Data Read Register3 (used for test) 0xOF
RX ADDR PO 0 | RF BA+0x034 | R/W | Data Pipe0 Receive Address Register0 0xE7
RX _ADDR PO 1 | RF BA+0x038 | R/W | Data Pipe0 Receive Address Registerl 0xE7
RX_ADDR PO 2 | RF BA+0x03C | R/W | Data Pipe0 Receive Address Register2 0xE7
RX_ADDR PO 3 | RF_ BA+0x040 | R/W | Data Pipe0 Receive Address Register3 0xE7
RX _ADDR PO 4 | RF BA+0x044 | R/W | Data Pipe0 Receive Address Register4 0xE7
RX _ADDR P1 0 | RF BA+0x048 | R/W | Data Pipel Receive Address Register( 0xC2
RX _ADDR Pl 1 | RF. BA+0x04C | R/W | Data Pipel Receive Address Registerl 0xC2
RX ADDR P1 2 | RF BA+0x050 | R/W | Data Pipel Receive Address Register2 0xC2
RX_ADDR Pl 3 | RF BA+0x054 | R/W | Data Pipel Receive Address Register3 0xC2
RX ADDR _P1 4 | RF_BA+0x058 | R/W | Data Pipel Receive Address Register4 0xC2
RX_ADDR_P2 RF BA+0x05C | R/'W | Data Pipe2 Receive Address Register 0xC3
RX_ADDR_P3 RF BA+0x060 | R/W | Data Pipe3 Receive Address Register 0xC4
RX_ADDR_P4 RF BA+0x064 | R/W | Data Pipe4 Receive Address Register 0xC5
RX_ADDR_P5 RF BA+0x068 | R/W | Data Pipe5 Receive Address Register 0xC6
TX ADDR 0 RF BA+0x06C | R/W | Transmit addressO 0xE7
TX ADDR_1 RF BA+0x070 | R/W | Transmit address Registerl 0xE7
TX ADDR 2 RF BA+0x074 | R/W | Transmit address Register2 0xE7
TX ADDR 3 RF BA+0x078 | R/W | Transmit address Register3 0xE7
TX ADDR 4 RF BA+0x07C | R/W | Transmit address Register4 0xE7
RX PW_PO RF BA+0x080 | R/'W | RX Payload Length of Data Pipe0 0x00
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RX PW Pl RF BA+0x084 | R/W | RX Payload Length of Data Pipel 0x00
RX PW_P2 RF BA+0x088 | R/W | RX Payload Length of Data Pipe2 0x00
RX PW_P3 RF _BA+0x08C | R/W | RX Payload Length of Data Pipe3 0x00
RX PW_P4 RF BA+0x090 | R/W | RX Payload Length of Data Pipe4 0x00
RX PW_P5 RF BA+0x094 | R/W | RX Payload Length of Data Pipe5 0x00
FIFO_STATUS RF BA+0x098 | R FIFO Status Register 0x11
PNO06_SET _0 RF BA+0x09C | R/'W | PN006 Demodulator Configuration RegisterO 0x45
PNO06_SET 1 RF BA+0x0A0 | R/'W | PN006 Demodulator Configuration Register1 0x7E
PNO06_SET 2 RF BA+0x0A4 | R/'W | PN006 Demodulator Configuration Register2 0x1B
PNO06_SET 3 RF_BA+0xAS8 R/W | PN006 Demodulator Configuration Register3 0xFF
PNO06_SET 4 RF BA+0xAC | R/'W | PN006 Demodulator Configuration Register4 0x78
PNO06_SET_5 RF _BA+0xB0 R/W | PN006 Demodulator Configuration Register5 0xFC
PN006_SET 6 RF _BA+0xB4 R/W | PN006 Demodulator Configuration Register6 0x73
PN006_SET 7 RF_BA+0xB8 R/W | PN006 Demodulator Configuration Register7 0x00
DEMOD CAL 0 | RF BA+0xBC | R/'W | Modem Parameter Register 0 0x05
DEMOD CAL 1 | RF BA+0xCO0 R/W | Demodulator Parameter Register 1 0x41
DEMOD CAL 2 | RF BA+0xC4 R/W | Demodulator Parameter Register 2 0x7C
DEMOD_CAL 3 | RF_BA+0xC8 R/W | Demodulator Parameter Register 3 0x1F
DEMOD_CAL 4 | RF BA+0xCC | R/'W | Demodulator Parameter Register 4 0x00
DEMOD_CAL 5 | RF_BA+0xD0 R/W | Demodulator Parameter Register 5 0x02
DEMOD_CAL 6 | RF_BA+0xD4 R/W | Demodulator Parameter Register 6 0x00
DEMOD_CAL 7 | RF_BA+0xD8 R/W | Demodulator Parameter Register 7 0x20
DEMOD_CAL_8 | RF BA+0xDC | R/W | Demodulator Parameter Register 8 0x5A
RF_CAL2 0 RF_BA+0xE0 R/W | Additional RF Register 0 0x08
RF_CAL2 1 RF_BA-+0xE4 R/W | Additional RF Register 1 0xC2
RF_CAL2 2 RF _BA-+0xE8 R/W | Additional RF Register 2 0xFF
RF _CAL2 3 RF BA+0XEC | R/W | Additional RF Register 3 0x97
RF_CAL2 4 RF_BA-+0xF0 R/W | Additional RF Register 4 0xAB
RF_CAL2 5 RF _BA-+0xF4 R/W | Additional RF Register 5 0x42
RF_CAL2 6 RF_BA+0xF8 R/W | Additional RF Register 6 0xFF
RF_CAL2 7 RF_BA+0xFC R/W | Additional RF Register 7 0x64
RF_CAL2 8 RF BA+0x100 | R/W | Additional RF Register 8 0xCF
RF_CAL2 9 RF BA+0x104 | R/W | Additional RF Register 9 0x24
DEM_CAL2 0 RF BA+0x108 | R/W | Additional Demodulator Register 0 0x91
DEM_CAL2 1 RF BA+0x10C | R/W | Additional Demodulator Register 1 0xCB
DEM_CAL2 2 RF BA+0x110 | R/W | Additional Demodulator Register 2 0xD3
DEM_CAL2 3 RF BA+0x114 | R/'W | Additional Demodulator Register 3 0xBA
DEM_CAL2 4 RF BA+0x118 | R/W | Additional Demodulator Register 4 0x78
DEM_CAL2 5 RF BA+0x11C | R/'W | Additional Demodulator Register 5 0x88
DEM_CAL2 6 RF BA+0x120 | R/W | Additional Demodulator Register 6 0x0B
DEM_CAL2 7 RF BA+0x124 | R/W | Additional Demodulator Register 7 0xA8
DEM_CAL2 8 RF BA+0x128 | R/'W | Additional Demodulator Register 8 0xAA
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DYNPD RF BA+0x12C | R/W | Dynamic Payload Length Enable Register 0x00
FEATURE RF BA+0x130 | R/W | Feature Register 0x00
RF_CAL 0 RF BA+0x134 | R/W | RF Parameter Register 0 0x80
RF _CAL 1 RF BA+0x138 | R/W | RF Parameter Register 1 0x02
RF_CAL 2 RF BA+0x13C | R/W | RF Parameter Register 2 0xA0
RF_CAL 3 RF BA+0x140 | R/W | RF Parameter Register 3 0x88
RF_CAL 4 RF BA+0x144 | R/'W | RF Parameter Register 4 0x71
RF_CAL 5 RF BA+0x148 | R/'W | RF Parameter Register 5 0xBB
RF_CAL 6 RF BA+0x14C | R/'W | RF Parameter Register 6 0x61
RF_CAL 7 RF BA+0x150 | R/'W | RF Parameter Register 7 0x54
RF_CAL 8 RF BA+0x154 | R/'W | RF Parameter Register 8 0x61
RF_CAL 9 RF BA+0x158 | R/'W | RF Parameter Register 9 0x80
BB_CAL 0 RF BA+0x15C | R/W | Digital Baseband Parameter Register 0 0x0A
BB_CAL 1 RF BA+0x160 | R/W | Digital Baseband Parameter Register 1 0x6D
BB_CAL 2 RF BA+0x164 | R/W | Digital Baseband Parameter Register 2 0x24
BB_CAL 3 RF BA+0x168 | R/W | Digital Baseband Parameter Register 3 0x24
BB_CAL 4 RF BA+0x16C | R/W | Digital Baseband Parameter Register 4 0x4E
BB_CAL 5 RF BA+0x170 | R/W | Digital Baseband Parameter Register 5 0x20
BB _CAL 6 RF BA+0x174 | R/'W | Digital Baseband Parameter Register 6 0x7F
BB_CAL 7 RF BA+0x178 | R/'W | Digital Baseband Parameter Register 7 0x9B
BB_CAL 8 RF BA+0x17C | R/'W | Digital Baseband Parameter Register 8 0xE4
BB_CAL 9 RF BA+0x180 | R/W | Digital Baseband Parameter Register 9 0x00
RF_CE RF BA+0x184 | R/'W | RF CE Register 0x00
RF_CMD RF BA+0x188 | R/W | RF Command Register 0x00
RF_FIFO RF BA+0x18C | R/W | RF FIFO Register 0x00
RF_PL_WIDTH | RF BA+0x190 | R RF Payload Configuration Register 0x00
CHIP_ID RF_BA+0x194~ | R Chip Identification Register 0x5051

0x198
DEVICE 1D RF _BA+0x19C | R Device Identification Register 0x50505050
~0x1A8

4.4.8 RF Register Description

4.4.8.1 Configuration register(CONFIG)

Register Offset R/W | Description Reset Value
CONFIG RF_BA+0x000 R/W | Configuration register 0x0C
Bits Descriptions
[7] EN PMU DIG Baseband main FSM mode selection (Premise PWR_UP_DIG = 1):
1 = main FSM enter STANDBY
0 = main FSM enter POWER_DOWN
[6] MASK RX DR Mask interrupt caused by RX DR:
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1 = Interrupt not reflected on the IRQ pin
0 =Reflect RX DR as active low interrupt on the IRQ pin

(3]

MASK_TX_DS

Mask interrupt caused by TX DS:
1 = Interrupt not reflected on the IRQ pin
0 = Reflect TX DS as active low interrupt on the IRQ pin

(4]

MASK_MAX_RT

Mask interrupt caused by MAX RT:
1 = Interrupt not reflected on the IRQ pin
0 =Reflect MAX RT as active low interrupt on theIRQ pin

(3]

EN_CRC

Enable CRC. Forced high if one of the bits in theEN_AA is high.
1 = CRC enabled
0 = CRC disabled

(2]

CRC_SEL

CRC selection:
1 =CRCl6
0=CRC8

(1]

PWR_UP_DIG

Baseband main FSM mode selection (Premise EN_PM_DIG = 1):
1 = main FSM enter STANDBY
0 = main FSM enter POWER_DOWN

(0]

PRIM_RX

RX/TX control:
1 =PRX
0=PTX

4.4.8.2 RX Auto Acknowledgment Enable Register(EN_AA)

Register Offset R/W | Description Reset Value
EN_AA RF_BA+0x004 R/W | RX Auto-reply Enable Register 0x01
Bits Descriptions
[7:6] Reserved Reserved
[5] ENAA P5 Enable auto-reply data pipe 5
[4] ENAA P4 Enable auto-reply data pipe 4
[3] ENAA P3 Enable auto-reply data pipe 3
[2] ENAA P2 Enable auto-reply data pipe 2
[1] ENAA Pl Enable auto-reply data pipe 1
[0] ENAA PO Enable auto-reply data pipe 0
4.4.8.3 RX Channel Enable Register(EN_RXADDR)
Register Offset R/W | Description Reset Value
EN_RXADDR RF_BA+0x008 R/W | RX Channel Enable Register 0x01
Bits Descriptions
[7:6] Reserved Reserved
[5] ERX P5 Enable data pipe 5
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[4] ERX P4 Enable data pipe 4
[3] ERX P3 Enable data pipe 3
[2] ERX P2 Enable data pipe 2
[1] ERX P1 Enable data pipe 1
[0] ERX PO Enable data pipe 0

4.4.8.4 Address WidthsConfiguration Register(SETUP_AW)

Register Offset R/W | Description Reset Value
SETUP_ AW RF_BA+0x00C R/W | Address Widths Configuration Register 0x03
Bits Descriptions
[7:2] Reserved Reserved
[1:0] AW RX/TX Address field width:

00 =Illegal

01 =3 bytes

10 = 4 bytes

11 =5 bytes

LS Byte is used if address width is below 5

4.4.8.5 Auto Transmission Configuration Register(SETUP_RETR)

Register Offset R/W | Description Reset Value
SETUP_RETR RF_BA+0x010 R/W | Auto Transmission Configuration Register 0x03
Bits Descriptions
[7:4] ARD Auto Retransmit Delay:

0000 = Wait 250us

0001 = Wait 500us

0010 = Wait 750us

1111 = Wait 4000us

(Delay defined from end of transmission to start ofnext transmission)
[3:0] ARC Auto Retransmit Count:

0000 =Communication mode without re-transmit, without ACK
0001 = Up to 1 Re-Transmit with ACK

1111 = Up to 15 Re-Transmit with ACK

4.4.8.6 RF Channel Configuration Register(RF_CH)

Register

Offset

R/W | Description Reset Value

RF_CH

RF_BA+0x014

R/W 0x4E

RF Channel Configuration Register
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Bits Descriptions
[7] RF CH 7 Channel decorder decimal jitter function.

1 = All the decimal jitter.
0=IfFRA SPI IN ENissetto 1, only0, 0.5,0.25,0.75 are jittered.
If FRA SPI IN EN is set to 0, none are jittered.

[6:0] RF CH Sets the frequency channel
fc<7:0>= 64+RF_CH<6:0>

4.4.8.7 RF Parameter Configuration Register(RF_SETUP)

Register Offset R/W | Description Reset Value
RF_SETUP RF BA+0x018 R/W | RF Parameter Configuration Register 0x00
Bits Descriptions
[7:6] RF DR Sets Data Rate:
00 = 1Mbps
01 =Reserved
11 =250Kbps
10 = Reserved
[5] VCO_NO DLY Ifen_vco_cal is set to 0 and there is a trigger signal, vco_cal done will change to 0

for a while and no calibration will be executed. If en_vco_cal is set to 1, once the
trigger signal comes, vco_cal_done will change to 0 at once. And it starts to calibrate
after the delay. After correction, vco_cal done will return to 1. This process means
that the delay time is always valid.

If vco_no dly is set to 1 and en_vco cal is set to 0, vco_cal done keeps 1. If
en_vco_cal is set, vco_cal _done changes to 0 immediately once the trigger signal
comes. At the same time, the correction begins. After the correction ends,
vco_cal done returns to 1. This process means that there is no delay time. This pro-

cess is illustrated in the following table.

veo no dly |1 0

en_vco_cal

0 veo_cal _done keeps 1 -

1 veo_cal_done changes to 0 immediately | -
once the trigger signal comes. At the
same time, the correction begins. After
the correction ends, vco cal done re-
turns to 1.

[4] SEL_CHAN_H If this bit is set to 0,

For RX: fvco=2*(2338+fc<7:0>)

INT[8:0]=INT (f ”“’) -3

16M
FRA[22:0]=(22-INT(E22)) 4 223
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For TX: fvco=2*(2336+fc<7:0>+-delta_f)
If this bit is set to 1,

For RX: fvco=2*(2252+fc<7:0>)

For TX: fvco=2*(2250+fc<7:0>+-delta_f)

[3:0]

Reserved

Reserved

4.4.8.8 Status Register(STATUS)

Register Offset R/W | Description Reset Value
STATUS RF_BA+0x01C R/W | Status Register 0x0E
Bits Descriptions
[7] Reserved Reserved
[6] RX DR Data Ready RX FIFO interrupt. Asserted whennew data arrives RX FIFO.
Write 1 to clear bit.
[5] TX DS Data Sent TX FIFO interrupt.
In the mode without auto-retransmission, interrupt happens after data complete trans-
mitting.
In the mode with auto-retransmission, this bit can only be pulled up after the trans-
mitter has received ACK signal.
Write 1 to clear bit.
[4] MAX RT Failed interrupt bit when reaching the maximum transmission times.
Write 1 to clear bit.
If MAX_RT has been asserted, it mustbe cleared to enable further communication.
[3:1] RX P NO Data pipe numberread from RX FIFO (Read-only)
000-101 = Data Pipe Number
110 = Not Used
111 = RX FIFO is empty
[0] TX FULL TX FIFO full flag (Read-only)
1 =TX FIFO is full
0 = Available locations in TX FIFO

4.4.8.9 Transmit State Register(OBSERVE_TX)

Register Offset R/W | Description Reset Value
OBSERVE TX RF_BA+0x020 R Transmit State Register 0x00
Bits Descriptions
[7:4] PLOS _CNT Packet Loss Counter.
The counter stops counting when it reaches a maximum of 15. The counter is reset
when writing RF_ CH. Communication can continue without resetting this value.
[3:0] ARC _CNT Auto-retransmission Times Counter.
ARC_CNT adds one when auto-transmit adds one. When ARC_CNT reaches the
limitation, it will be regarded as lost package and PLOS CNT adds one.
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‘ ‘ ‘ The counter is resetwhen there is new data written into TX FIFO.

4.4.8.10 Data Read RegisterO(DATAOUT 0)

Register Offset R/W | Description Reset Value
DATAOUT 0 RF_BA+0x024 R Data Read Register0 (used for test) 0x00

Bits Descriptions

[7:0] Reserved ‘ Reserved

4.4.8.11 Data Read Register1(DATAOUT 1)

Register Offset R/W | Description Reset Value
DATAOUT 1 RF_BA+0x028 R Data Read Register1 (used for test) 0x80

Bits Descriptions

[7:4] VCO_CODE VCO Calibration Results.

[3:0] Reserved Reserved

4.4.8.12 Data Read Register2(DATAOUT 2)

Register Offset R/W | Description Reset Value
DATAOUT 2 RF_BA+0x02C R Data Read Register2 (used for test) 0xF8

Bits Descriptions

[7:4] RCCAL _OUT]J3:0] RC Calibration Results.

[3:0] TWO_POINT _CODE | Two-point Calibration Code.

4.4.8.13 Data Read Register3(DATAOUT 3)

Register Offset R/W | Description Reset Value
DATAOUT 3 RF_BA+0x030 R Data Read Register3 (used for test) 0xOF

Bits Descriptions

[7:4] Reserved Reserved

[3] Tp_cal done Two-point Calibration End Flag

[2] Vco cal done VCO Calibration End Flag

[1:0] RCCAL_OUT][5:4] | RC Calibration Results.

4.4.8.14 Data Pipe0 Receive Address RegisterO(RX_ADDR_P0_0)

Register Offset R/W | Description Reset Value

RX ADDR PO 0 | RF BA+0x034 R/W | Data Pipe0 Receive Address Register( 0xE7
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Bits Descriptions
[7:0] RX ADDR PO 0 Receive address of data pipe 0. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW).

4.4.8.15 Data Pipe0 Receive Address Register1(RX_ADDR P0 1)

Register Offset R/W | Description Reset Value

RX ADDR PO 1 | RF BA+0x038 R/W | Data Pipe0 Receive Address Registerl 0xE7

Bits Descriptions

[7:0] RX ADDR PO 1 Receive address of data pipe 0. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW)).

4.4.8.16 Data Pipe0 Receive Address Register2(RX ADDR_P0 2)

Register

Offset

R/W

Description Reset Value

RX_ADDR_P0 2

RF_BA+0x03C

R/W | Data Pipe0 Receive Address Register2 0xE7

Bits Descriptions

[7:0] RX_ADDR_P0 2

Receive address of data pipe 0. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW).

4.4.8.17 Data Pipe0 Receive Address Register3(RX ADDR P0_3)

Offset

Register

R/W

Description

Reset Value

RX_ADDR_P0 3

RF_BA-+0x040

R/W

Data Pipe0 Receive Address Register3

O0xE7

Bits

Descriptions

[7:0]

RX_ADDR PO 3

Receive address of data pipe 0. The maximumlength is 5 Bytes. (LS Byte is writ-

ten first. The address length is defined by SETUP_AW).

4.4.8.18 Data Pipe0 Receive Address Register4(RX_ADDR_P0 _4)

Register Offset R/W | Description Reset Value

RX ADDR PO 4 | RF BA+0x044 R/W | Data Pipe0 Receive Address Register4 0xE7

Bits Descriptions

[7:0] RX ADDR PO 4 Receive address of data pipe 0. The maximumlength is 5 Bytes. (LS Byte is writ-

ten first. The address length is defined by SETUP_AW).

4.4.8.19 Data Pipel Receive Address Register0(RX_ADDR_P1_0)

Register

Offset

R/W | Description Reset Value

RX_ADDR_P1 0

RF_BA+0x048

R/W | Data Pipel Receive Address RegisterQ 0xC2
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Bits Descriptions

[7:0]

RX_ADDR_P1 0

Receive address of data pipe 1. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW).

4.4.8.20 Data Pipel Receive Address Register1(RX_ADDR P1 1)

Register Offset R/W | Description Reset Value

RX ADDR P1 1 | RF BA+0x04C R/W | Data Pipel Receive Address Registerl 0xC2

Bits Descriptions

[7:0] RX ADDR PI 1 Receive address of data pipe 1. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW)).

4.4.8.21 Data Pipel Receive Address Register2(RX ADDR P1 2)

Register

Offset

R/W

Description Reset Value

RX_ADDR P1 2

RF_BA+0x050

R/W | Data Pipel Receive Address Register2 0xC2

Bits Descriptions

[7:0]

RX_ADDR P1 2

Receive address of data pipe 1. The maximumlength is 5 Bytes. (LS Byte is writ-
ten first. The address length is defined by SETUP_AW).

4.4.8.22 Data Pipel Receive Address Register3(RX ADDR P1 3)

Offset

Register

R/W

Description

Reset Value

RX_ADDR_P1 3

RF_BA+0x054

R/W

Data Pipel Receive Address Register3

0xC2

Bits

Descriptions

[7:0]

RX_ADDR P1 3

Receive address of data pipe 1. The maximumlength is 5 Bytes. (LS Byte is writ-

ten first. The address length is defined by SETUP_AW).

4.4.8.23 Data Pipel Receive Address Register4(RX_ADDR P1 4)

ten first. The address length is defined by SETUP_AW).

Register Offset R/W | Description Reset Value

RX ADDR P1 4 | RF BA+0x058 R/W | Data Pipel Receive Address Register4 0xC2

Bits Descriptions

[7:0] RX ADDR P1 4 Receive address of data pipe 1. The maximumlength is 5 Bytes. (LS Byte is writ-

4.4.8.24 Data Pipe2 Receive Address Register(RX _ADDR_P2)

Register

Offset

R/W

Description

Reset Value

RX_ADDR_P2

RF_BA+0x05C

R/W

Data Pipe2 Receive Address Register

0xC3
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Bits Descriptions
[7:0] RX ADDR P2 Receive address of data pipe 2. Only LSB. MS Bytesare equal to

RX_ADDR_P1[39:8].

4.4.8.25 Data Pipe3 Receive Address Register(RX ADDR P3)

Register Offset R/W | Description Reset Value

RX ADDR P3 RF_BA+0x060 R/W | Data Pipe3 Receive Address Register 0xC4

Bits Descriptions

[7:0] RX ADDR P3 Receive address of data pipe 3. Only LSB. MS Bytesare equal to
RX ADDR P1[39:8].

4.4.8.26 Data Pipe4 Receive Address Register(RX ADDR P4)

Register Offset R/W | Description Reset Value

RX ADDR P4 RF BA+0x064 R/W | Data Pipe4 Receive Address Register 0xC5

Bits Descriptions

[7:0] RX ADDR P4 Receive address of data pipe 4. Only LSB. MS Bytesare equal to
RX ADDR PI1[39:8].

4.4.8.27 Data PipeS Receive Address Register(RX ADDR_P5)

Register Offset R/W | Description Reset Value

RX ADDR P5 RF_BA+0x068 R/W | Data Pipe5 Receive Address Register 0xC6

Bits Descriptions

[7:0] RX ADDR P5 Receive address of data pipe 5. Only LSB. MS Bytesare equal to
RX ADDR P1[39:8].

4.4.8.28 Transmit address Register0(TX ADDR 0)

Register Offset R/W | Description Reset Value

TX ADDR 0 RF_BA+0x06C R/W | Transmit address RegisterQ 0xE7

Bits Descriptions

[7:0] TX ADDR 0 Transmit address. (LS Byte is written first)
Used in the PTX mode only. RX ADDR PO _0is equal to this address in order to
receive ACK automatic response.

4.4.8.29 Transmit address Register1(TX_ADDR 1)

‘ Register

‘ Offset

‘ R/W ‘ Description

Reset Value
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‘ TX ADDR 1 l RF _BA+0x070 ‘ R/W ‘ Transmit address Registerl ‘ 0xE7
Bits Descriptions
[7:0] TX ADDR 1 Transmit address. (LS Byte is written first)

Used in the PTX mode only. RX ADDR PO _lis equal to this address in order to

receive ACK automatic response.

4.4.8.30 Transmit address Register2(TX ADDR 2)

Register Offset R/W | Description Reset Value

TX ADDR 2 RF BA+0x074 R/W | Transmit address Register2 0xE7

Bits Descriptions

[7:0] TX ADDR 2 Transmit address. (LS Byte is written first)
Used in the PTX mode only. RX ADDR PO 2is equal to this address in order to
receive ACK automatic response.

4.4.8.31 Transmit address Register3(TX_ADDR 3)

Register Offset R/W | Description Reset Value

TX ADDR 3 RF_BA+0x078 R/W | Transmit address Register3 0xE7

Bits Descriptions

[7:0] TX ADDR 3 Transmit address. (LS Byte is written first)
Used in the PTX mode only. RX ADDR PO _3is equal to this address in order to
receive ACK automatic response.

4.4.8.32 Transmit address Register4(TX ADDR 4)

Register Offset R/W | Description Reset Value

TX ADDR 4 RF_BA+0x07C R/W | Transmit address Register4 0xE7

Bits Descriptions

[7:0] TX ADDR 4 Transmit address. (LS Byte is written first)
Used in the PTX mode only. RX ADDR PO 4is equal to this address in order to
receive ACK automatic response.

4.4.8.33 RX Payload Length of Data PipeO(RX_PW_P0)

Register Offset R/W | Description Reset Value
RX PW_PO RF_BA+0x080 R/W | RX Payload Length of Data Pipe0 0x00
Bits Descriptions
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[7] Reserved Reserved
[6:0] RX PW_PO RX Payload Length of Data Pipe 0 (1 t032/64 bytes).
0 = Not used
1 =1 byte

32/64 = 32/64 bytes

4.4.8.34 RX Payload Length od Data Pipel(RX PW_P1)

Register Offset R/W | Description Reset Value
RX PW_P1 RF_BA+0x084 R/W | RX Payload Length of Data Pipel 0x00
Bits Descriptions
[7] Reserved Reserved
[6:0] RX PW Pl RX Payload Length of Data Pipe 1 (1 to32/64 bytes).
0 = Not used
1 =1 byte
32/64 = 32/64 bytes

4.4.8.35 RX Payload Length of Data Pipe2(RX PW_P2)

Register Offset R/W | Description Reset Value
RX PW P2 RF_BA+0x088 R/W | RX Payload Length of Data Pipe2 0x00
Bits Descriptions
[7] Reserved Reserved
[6:0] RX PW _P2 RX Payload Length of Data Pipe 2 (1 to32/64 bytes).
0 = Not used
1 =1 byte
32/64 =32/64 bytes

4.4.8.36 RX Payload Length of Data Pipe3(RX PW_P3)

Register Offset R/W | Description Reset Value
RX PW_P3 RF_BA+0x08C R/W | RX Payload Length of Data Pipe3 0x00
Bits Descriptions
[7] Reserved Reserved
[6:0] RX PW_P3 RX Payload Length of Data Pipe 3 (1 t032/64 bytes).
0 = Not used
1 =1 byte
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| 32/64 = 32/64 bytes

4.4.8.37 RX Payload Length of Data Pipe4(RX_ PW_P4)

Register Offset R/W | Description Reset Value
RX PW P4 RF_BA+0x090 R/W | RX Payload Length of Data Pipe4 0x00
Bits Descriptions
[7] Reserved Reserved
[6:0] RX PW P4 RX Payload Length of Data Pipe 4 (1 to32/64 bytes).
0 =Not used
1 =1 byte
32/64 =32/64 bytes
4.4.8.38 RX Payload Length of Data PipeS(RX PW_P5)
Register Offset R/W | Description Reset Value
RX PW PS5 RF_BA+0x094 R/W | RX Payload Length of Data Pipe5 0x00
Bits Descriptions
[7] Reserved Reserved
[6:0] RX PW_P5 RX Payload Length of Data Pipe 5 (1 to32/64 bytes).
0 = Not used
1 =1 byte
32/64 = 32/64 bytes
4.4.8.39 FIFO Status Register(FIFO_STATUS)
Register Offset R/W | Description Reset Value
FIFO_STATUS RF_BA+0x098 R FIFO Status Register 0x11
Bits Descriptions
[7] Reserved Reserved
[6] TX REUSE Call The Instruction Bit Of The Last Frame Transmission Data
If command REUSE TX PL is used, this bit is set. The last frame data will be
retransmitted.
It can be reset by the commandsW_TX PAYLOAD,W _TX PAYLOAD NO-
ACK, DEACTIVATE and FLUSH_TX.
[5] TX _FULL TX FIFO Full Flag.
1 = TX FIFO is full.
0 = Available locationsin TX FIFO.
[4] TX EMPTY TX FIFO Empty Flag:
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1 =TX FIFO is empty
0 =There are data in TX FIFO

[3:2] Reserved Reserved
[1] RX_FULL RX FIFO Full Flag:

1 =RX FIFO is full

0 =Available locationsin RX FIFO
[0] RX EMPTY RX FIFO Empty Flag.

1 = RX FIFO is empty
0 = There are data in RX FIFO

4.4.8.40 PN006 Demodulator Configuration RegisterO(PN006 _SET 0)

Register Offset R/W | Description Reset Value
PNO006_SET 0 RF_BA+0x9C R/W | PN006 Demodulator Configuration RegisterQ 0x45
Bits Descriptions
[7] SAR _ADC CLK RISING SEL | SAR ADC Data Sampling Clock Selection
1 =Rising edge sampling
0 = Falling edge sampling
[6] AGGRESSIVE Demodulator Data Rate Synchronization Unit Speed Selection
1 =Large step adjustment, fast
0 = Small step adjustment, slow
[5:0] GAIN2 Demodulator data center value adjusts the amplitude of the loop’s refer-
ence waveform.

4.4.8.41 PN006 Demodulator Configuration Register1(PN006_SET 1)

Register Offset R/W | Description Reset Value

PNO006_SET 1 RF_BA+0xA0 R/W | PNO06 Demodulator Configuration Registerl 0x7E

Bits Descriptions

[7] DEMOD_ TEST Demodulator test.

[6:4] TX DIV2 BIAS TAIL[2:0] | VCO%?2 Control

[3:0] GAINI Demodulator’s data center value adjusts the amplitude of the loop’s refer-
ence waveform.

4.4.8.42 PN006 Demodulator Configuration Register2(PN006_SET 2)

Register Offset R/W | Description Reset Value
PNO06_SET 2 RF_BA+0xA4 R/W | PNO06 Demodulator Configuration Register2 0x1B
Bits Descriptions
[7] DSSS_EN DSSS Modulation Selection Bit
0 =GFSK mode (XN297L mode)
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1 =DSSS mode (PAN2412 mode)
[6] Reserved Reserved
[5:2] PTH Preamble Threshold Configuration for the Receiver Digital Demodulator.

24bits preamble threshold = PTH + 16
1000 = 24bits
0110 = 22bits
0000 = 16bits

[1] DECODE_INV Preamble Bitwise Inverse Bit. It’s set to 1 usually.
Transmitter and receiver both need to be executed.
1 = Not Bitwise inversed.

0 = Bitwise inversed.

[0] SYNC_SEL 4 times sampling

4.4.8.43 PN006 Demodulator Configuration Register3(PN006_SET 3)

Register Offset R/W | Description Reset Value
PNO006_SET 3 RF_BA+0xAS8 R/W | PN006 Demodulator Configuration Register3 OxFF

Bits Descriptions

[7:5] PAIST GC CTL[2:0] Control the output of each bit of PAIST GC

0 = Corresponding bit output 0
1 = Corresponding bit output 1

[4:2] PA2ST RAMP_CTL[2:0] Control the output of each bit of PA2ST GC
0 = Corresponding bit output 0
1 = Corresponding bit output 1

[1:0] Reserved Reserved

4.4.8.44 PN006 Demodulator Configuration Register4(PN006_SET 4)

Register Offset R/W | Description Reset Value

PN0OO6_SET 4 RF_BA+0xAC R/W | PN0O06 Demodulator Configuration Register4 0x78

Bits Descriptions

[7:6] DATA OFF TIME[1:0] Time interval between TX DATA ending and EN_PAO pull-down:
DATA OFF_TIME[1:0] x 1, unit is us.
Range: [0,15]us.

Default value: 1us

[5:4] PAOUT_SET TIME[1:0] Time interval between EN_PAO pull-up and TRX pull-up:
PAOUT_SET TIME[1:0] % 1, unit is us.
Range: [0,3]us.

Default value: 3us

[3:0] PA2 SET TIME[3:0] Time interval between EN_PA2ST pull-up and EN_PAO pull-up:
PA2 SET TIME[3:0] x 16, unit is us.
Range: [0,240]us.
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‘ ‘ ‘ Default value: 128us

4.4.8.45 PN006 Demodulator Configuration Register5(PN006_SET 5)

Register Offset R/W | Description Reset Value
PNO006_SET 5 RF_BA+0xB0 R/W | PN006 Demodulator Configuration Register5 O0xFC

Bits Descriptions

[7:6] PAIOFF_TIME[1:0] Time interval between EN_PA2ST pull-down and EN PA1ST pull-down:

PA1OFF_TIME[1:0] x 2, unit is us.
Range: [0,30]us.

Default value: 30us

[5:2] PA20FF _TIMEJ3:0] Time interval between EN_PAO pull-down and EN_PA2ST pull-down:
PA20FF_TIME[3:0] x 2, unit is us.
Range: [0,30]us.

Default value: 30us

[1:0] DATA OFF_TIME[3:2] Time interval between TX DATA ending and EN_PAO pull-down:
DATA OFF TIME[3:2] x 1, unit is us.
Range: [0,15]us.

Default value: 1us

4.4.8.46 PN006 Demodulator Configuration Register6(PN006 SET 6)

Register Offset R/W | Description Reset Value
PN0O06_SET 6 RF _BA+0xB4 R/W | PNO06 Demodulator Configuration Register6 0x73

Bits Descriptions

[7] Reserved Reserved

[6:4] PA2ST BC CTL[2:0] Control the output of each bit of PA2ST BC

0 = Corresponding bit output 0
1 = Corresponding bit output 1

[3:2] Reserved Reserved

[1:0] PA1OFF_TIME[3:2] Time interval between EN_PA2ST pull down and EN_PA1ST pull-down:
PA1OFF_TIMEJ[3:2] X 1, unit is us.
Range: [0,30]us.

Default value: 30us

4.4.8.47 PN006 Demodulator Configuration Register7(PN006 SET 7)

Register Offset R/W | Description Reset Value
PNO06_SET 7 RF_BA+0xB8 R/W | PNO06 Demodulator Configuration Register7 0x00

Bits Descriptions

[7:0] Reserved Reserved
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4.4.8.48 Demodulator Parameter Register0(DEMOD_CAL _0)

Register Offset R/W | Description Reset Value
DEMOD CAL 0 | RF BA+0xBC R/W | Modem Parameter Register 0 0x05

Bits Descriptions

[7:5] GAUSS SCALEJ[2:0] | Gauss Filter Output to Delta-Sigma Signal Size Adjustment.

The output signal size determines the size of the transmit modulation frequency
offset.
1111 = Small signal

1000 = Medium signal

0000 = Large signal

[4]

EN_PAIST TST

When chip_ mode=1, EN_PAI1ST is controlled by this bit.

[3]

EN_TX_TST

When chip_mode=1, EN_TX is controlled by this bit.

(2]

FRA_SPI_IN_EN

This bit only work when RF_CH_7=0:
0=No dithering.

1 =Some special frequencys add dithering.

[1]

EN_TX_SYN_TST

When chip_mode=1, EN_TX SYN is controlled by this bit.

(0]

SCR_EN

Scrambling Enable Bit.
0 = Scrambling disabled.
1 = Scrambling enabled.

4.4.8.49 Demodulator Parameter Register 1(DEMOD_ CAL 1)

Register Offset R/W | Description Reset Value
DEMOD CAL 1 | RF BA+0xCO0 R/W | Demodulator Parameter Register 1 0x41
Bits Descriptions
[7] TP_CODE_OFFSET[0] | Two-point correction offset (with signed number)
000=0
100=-4
001=3
111 =-1
[6] EN VCO _CAL VCO Auto Calibration Enable Bit.
VCO Auto Calibration means every code from calibration will be reserved in the
internal register.
1 = Enabled. VCO Auto calibration executes if trigger condition meets.
0 = Disabled. Code are configured by MANUL VCO_ CODE.
[5:4] SYNC BYPASS Control whether dig2's synchronizer is by pass
[3] EN PA2ST TST When chip_mode=1, EN_PA2ST is controlled by this bit.
[2:1] GAUSS _CTRL Transmit Way Selection.
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gauss_inbgauss_outb

11 = dac_basalNormal output

10 = Normal outputdac basal2

01 = dac_basalNormal output

00 = Normal outputNormal output
Global Transmit Way Selection

11 = Open-loop out of band

10 = In band

01 = Closed loop out of band

00 =Two point

[0] GAUSS_SCALE[3]

Gauss Filter Output to Delta-Sigma Signal Size Adjustment.

The output signal size determines the size of the transmit modulation frequency
offset.

1111 = Small signal

1000 = Medium signal

0000 = Large signal

4.4.8.50 Demodulator Parameter Register 2(DEMOD_CAL 2)

Register Offset

R/W | Description Reset Value

DEMOD CAL 2 | RF_BA+0xC4

R/W | Demodulator Parameter Register 2 0x7C

Bits Descriptions
[7:2] DAC BASAL INBAND | GF2(in band) output data initial value in pre-send phase.
[1:0] TP_CODE_OFFSET[2:1] | Two-point correction offset (with signed number)

000=0
100=-4
001 =3
111 =-1

4.4.8.51 Demodulator Parameter Register 3(DEMOD_CAL_3)

Register Offset

R/W | Description Reset Value

DEMOD CAL 3 | RF_BA+0xC8

R/W | Demodulator Parameter Register 3 0x1F

Bits Descriptions
[7] SHIFT OFFSET PLL Delta-Sigma Modulator Shift Offset Enable Bit.
1 = Enabled
0 = Disabled
[6] INT MODE EN PLL Operation Mode Selection
1 = Integer mode
0 = Decimal mode
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‘ [5:0] | DAC BASAL OUTBAND ‘ GF1(out of band) output to DAC initial value in pre-send mode.

4.4.8.52 Demodulator Parameter Register 4(DEMOD_CAL _4)

Register Offset R/W | Description Reset Value
DEMOD CAL 4 | RF BA+0xCC R/W | Demodulator Parameter Register 4 0x00
Bits Descriptions
[7:6] CTL_DITHER _LSBJ1:0] PLL Delta-Sigma Modulator Jitter Coefficient Configuration.
111 = Coefficient is 7
000 = Coefficient is 0
[5] CTL _DITHER SHAPE PLL Delta-Sigma Modulator Jitter Module Enable Bit.
1 = Enabled
0 = Disabled
[4] DIV2 EN PLL Delta-Sigma Modulator Divided by 2 Module Enable Bit.
1 = Enabled
0 = Disabled
[3] DS SHIFT PLL Delta-Sigma Modulator Shift Enable Bit.
1 = Enabled
0 = Disabled
[2] INV_CLK _EN PLL Delta-Sigma Modulator Reverse Working Mode Enable Bit.
1 = Enabled
0 = Disabled
[1] MASH2 MODE PLL Delta-Sigma Modulator mash2 Mode Enable Bit.
1 = Enabled
0 = Disabled
[0] Reserved Reserved

4.4.8.53 Demodulator Parameter Register S(IDEMOD_CAL 5)

Register Offset R/W | Description Reset Value
DEMOD CAL 5 | RF_BA+0xD0 R/W | Demodulator Parameter Register 5 0x02
Bits Descriptions

[7:5] GAUSS INBAND DELAY[2:0] | In Band Transmit Delay Adjustment.
11111 = Long delay
00000 = Short delay

[4] CHIP_MODE Chip Enter Test Mode Configuration
1 = Enter test mode
0 = Exit test mode

[3] CARR_MOSI Substitute MOSI, single carrier enters.
1 = Enabled

[2] CARR_CSK Substitute CSK, single carrier enters.
1 = Enabled
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[1] CLK EN PLL Delta-Sigma Modulator Clock Enable Bit.
1 = Enabled
0 =Disabled

[0] CTL DITHER LSBJ[2] PLL Delta-Sigma Modulator Jitter Coefficient Configuration.
111 = Coefficient is 7
000 = Coefficient is 0

4.4.8.54 Demodulator Parameter Register 6(DEMOD_ CAL _6)

Register Offset R/W | Description Reset Value

DEMOD _CAL 6 | RF BA+0xD4 R/W | Demodulator Parameter Register 6 0x00

Bits Descriptions

[7:3] | GAUSS_OUTBAND DELAY/[4:0]

Out of Band Transmit Delay Adjustment.
11111 = Long delay
00000 = Short delay

[2] Reserved

Reserved

[1:0] | GAUSS INBAND DELAY[4:3]

In Band Transmit Delay Adjustment.
11111 = Long delay
00000 = Short delay

4.4.8.55 Demodulator Parameter Register 7(DEMOD_CAL _7)

Register Offset R/W | Description Reset Value

DEMOD CAL 7 | RF_BA+0xD8 R/W | Demodulator Parameter Register 7 0x20

Bits Descriptions

[71 | PHASE ADJ

Adjust the sampling phase of the transmitted data by the 16M clock in

gauss_filter.

[6] TWO_POINT_SPI_TRIG

Two Point Calibration SPI Trigger Signal.
This bit is falling-edge triggered.

[5:2] | TWO POINT MANUL CODE IN

Two Point Calibration Manual Code Configuration.

[1] EN_TWO POINT_CAL

Two Point Transmit Auto Calibration Enable Bit.
1 = Enabled. The values are stored in TWO_POINT _CODE REG.
0 = Disabled.It can’t calibrate automatically.

Note: Auto cal needs to be performed in STB2 state.

[0] Reserved

Reserved

4.4.8.56 Demodulator Parameter Register §(DEMOD_CAL_8)

Register Offset R/W | Description Reset Value

DEMOD_CAL 8 | RF_BA+0xDC R/W

Demodulator Parameter Register 8 0x5A

‘ Bits ‘ Descriptions
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[7] SPI CAL_EN VCO single trigger automatic correction process.

Each time the bit is set from 0 to 1, automatic VCO correction process
starts.

In addition, when changing the working channel, switching chip working
mode and entering transceiver state, the VCO automatic calibration pro-

cess will also be triggered.

(6]

FAST LOCK_EN

PLL fast lock mode enable bit
1 = Enabled
0 = Disabled.

[5:0]

DF_SEL

Adjust the in-band deviation use with GAUS _SCALE INBAND
111111 = Big deviation
000000 = Small deviation

4.4.8.57 Additional RF Register 0 (RF_CAL2 0)

Register Offset R/W | Description Reset Value

RF CAL2 0 RF_BA+0xE0 R/W | Additional RF Register 0 0x08

Bits Descriptions

[7:4] RCCAL _IN[3:0] IF Correction Bit of Receiving Bandpass Filter.Only wvalid when

RCCAL EN =0.
111111: Low IF center frequency
000000: High IF center frequency

[3]

EN_PLL DIV2

(2]

EN_TST BUF

[1:0]

Reserved

Reserved

4.4.8.58 Additional RF Register 1 (RF_CAL2 1)

Register Offset R/W | Description Reset Value
RF _CAL2 1 RF_BA+0xE4 R/W | Additional RF Register 1 0xC2

Bits Descriptions

[7] EN PLL PRE

[6] EN_TX_ DAC

[5] Reserved Reserved

[4] EN_RSSI

[3:2] Reserved Reserved

RCCAL IN[5:4]

IF Correction Bit of Receiving Bandpass Filter.Only valid when
RCCAL EN =0.

111111: Low IF center frequency

000000: High IF center frequency
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4.4.8.59 Additional RF Register 2 (RF_CAL2 2)

Register Offset R/W | Description Reset Value
RF CAL2 2 RF BA+0xES8 R/W | Additional RF Register 2 OxFF
Bits Descriptions
[7] EN _RX PGA
[6] EN_RX_LIMITER
[5] Reserved
[4] EN PLL IB
[3] EN_PLL PFD
[2] EN_PLL CP
[1] EN_PLL LPF
[0] EN_PLL VCO
4.4.8.60 Additional RF Register 3 (RF_CAL2 3)
Register Offset R/W | Description Reset Value
RF CAL2 3 RF_BA-+0xEC R/W | Additional RF Register 3 0x97
Bits Descriptions
[7] RSSI DC _CTLJ0] Signal Intensity Indicating Signal.
[6:4] Reserved
[3] EN_RCCAL
[2] EN RX_LNA
[1] EN RX MIX
[0] EN_RX MIX DIV2
4.4.8.61 Additional RF Register 4 (RF_CAL2 4)
Register Offset R/W | Description Reset Value
RF CAL2 4 RF_BA+0xF0 R/W | Additional RF Register 4 0xAB
Bits Descriptions

(7]

RCCAL_CKINV

RC Calibration Clock Inverse Bit.
1 = Inversed.

0 = Not inversed.

(6]

RCCAL_SEL

RC Calibration Selection
1 = Manual RC calibration
0 = Auto RC calibration

RCCAL_START

RC Calibration Start Control Bit.

Reserved

Reserved
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| [0]

| RSSI_DC_CTL1]

‘ Signal Intensity Indicating Signal.

4.4.8.62 Additional RF Register 5 (RF_CAL2 5)

Register Offset R/W | Description Reset Value
RF CAL2 5 RF_BA+0xF4 R/W | Additional RF Register 5 0x42
Bits Descriptions
[7] Reserved Reserved
[6] EN_RX_BPF
[5] Filter’s Current Control Bit
RX BPF IB CTL 0 = Small current
1 = Big current
[4] RX CHO_SEL BPF | IF Filter Output
[3] BYP_FT PLL Loop Filter Outside, Internal Filter Disconnected
1 = Internal filter disconnected
0 = Internal filter connected
[2] RX CHO_SEL MIX | IF BUF Output after MIX is chosen.
[1:0] RX CAP_CTL[1:0] Coarse Tuning Filter Capacitor Array
4.4.8.63 Additional RF Register 6 (RF_CAL2 6)
Register Offset R/W | Description Reset Value
RF _CAL2 6 RF_BA+0xF8 R/W | Additional RF Register 6 0xFF
Bits Descriptions
[7] RX MIX IQS Mixer IQ channel switch.
[6] RX MIX GC Mixer Gain Adjustment
1 = High gain
0 = Low gain
[5:4] RX PGA GC([1:0] PGA Gain Adjustment
11 = High gain
[3] Reserved Reserved
[2:0] RX BPF_GC _CTLJ[2:0] | IF Filter Gain Control
000 = Minimal
111 = Maximal
4.4.8.64 Additional RF Register 7 (RF_CAL2 7)
Register Offset R/W | Description Reset Value
RF _CAL2 7 RF_BA+0xFC R/W | Additional RF Register 7 0x64
Bits Descriptions
[7] Reserved Reserved
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[6] RX MIXER IB CTL Mixer Current Control
0 = Current half
[5:3] RX MIX DIV2 IB[2:0] Mixer DIV2 current selection which control the bias level.
[2:0] RX MIX DIV2 ISEL[2:0] | Mixer DIV2 Current Selection

4.4.8.65 Additional RF Register 8 (RF_CAL2 8)

Register Offset R/W | Description Reset Value
RF CAL2 8 RF_BA+0x100 R/W | Additional RF Register § 0xCF
Bits Descriptions
[7] PLL LPF CP PLL Filter Cp Selection
0 = 8pF
1 = 16pF
[6] PLL TX CTK VCO Modulator Frequency Offset Bandwidth Selection

0 = 1MHz bandwidth
1 = 2 MHz bandwidth

[5:4] RX ILNA CTM[1:0] | LNA Gain Peak Frequency Adjustment
[3:2] RX LNA GC[1:0] LNA Gain Adjustment
[1] RX LNA IB CTL LNA Current Selection
0 = Current half
[0] Reserved Reserved

4.4.8.66 Additional RF Register 9 (RF_CAL2 9)

Register Offset R/W | Description Reset Value
RF CAL2 9 RF_BA+0x104 R/W | Additional RF Register 9 0x24

Bits Descriptions

[7:6] Reserved Reserved

[5:3] RX BALUN CTM M | LNA DC control

[2:0] RX BALUN CTM N | Balun CTM Adjustment N Node

4.4.8.67 Additional Demodulator Register 0 (DEM_CAL2_0)

Register Offset R/W | Description Reset Value
DEM_CAL2 0 RF_BA+0x108 R/W | Additional Demodulator Register 0 0x91

Bits Descriptions

[7:0] THRESHOLD ‘ Demodulator Code Synchronization Threshold

4.4.8.68 Additional Demodulator Register 1 (DEM_CAL2 1)

‘ Register ‘ Offset ‘ R/W ‘ Description ‘ Reset Value
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‘ DEM CAL2 1 | RF BA+0x10C ‘ R/W ‘ Additional Demodulator Register 1 ‘ 0xCB
Bits Descriptions
[7:1] PAYLOAD_ SP Data Field Spreading Code
[0] CHIP_INV 0 = Chip not inversed.
1 = Chip inversed.( 0->1;1->0)
4.4.8.69 Additional Demodulator Register 2 (DEM_CAL2 2)
Register Offset R/W | Description Reset Value
DEM CAL2 2 RF BA+0x110 R/W | Additional Demodulator Register 2 0xD3
Bits Descriptions
[7] PREAMBLE[0] Preamble code
[6:0] PREAMBLE SP Preamble field spreading code
4.4.8.70 Additional Demodulator Register 3 (DEM_CAL2 3)
Register Offset R/W | Description Reset Value
DEM_CAL2 3 RF_BA+0x114 R/W | Additional Demodulator Register 3 0xBA
Bits Descriptions
[7:0] PREAMBLES:1] ‘ Preamble Code
4.4.8.71 Additional Demodulator Register 4 (DEM_CAL2 4)
Register Offset R/W | Description Reset Value
DEM CAL2 4 RF BA+0x118 R/W | Additional Demodulator Register 4 0x78
Bits Descriptions
[7:0] PREAMBLE[16:9] ‘ Preamble Code
4.4.8.72 Additional Demodulator Register S (DEM_CAL?2 5)
Register Offset R/W | Description Reset Value
DEM_CAL2 5 RF BA+0x11C R/W | Additional Demodulator Register 5 0x88
Bits Descriptions
[7:0] PREAMBLE[24:17] | Preamble Code
4.4.8.73 Additional Demodulator Register 6 (DEM_CAL2 6)
Register Offset R/W | Description Reset Value
DEM CAL2 6 RF BA+0x120 R/W | Additional Demodulator Register 6 0x0B
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Bits Descriptions
[7] PIN[O0] Output PIN Configuration after Chip Enterring Test Mode(MISO/IRQ pin)
CHIP |0 1
PIN
000 Working mode. Test sensitivity mode.
As data input or interrupt out- | As demodulator data or clock
put pin. output pin.
110 - Test receive mode.
As limit I and Q two way out-
put pin.
[6] EN RX RX and PLL Simultaneous Opening.
1 = Simultaneous open
0 = Asynchronous open
[5] DELAY1 PLL Open Loop Enable Bit.
PLLopen-loop state can be used as carrier drift test for transmission.
1 =PLL open-loop enabled
0 =PLL open-loop controlled by state machine.
[4] DELAY0 Whether Demodulator Superimpose the Received Initial Offset.
The demodulator doesn’t superimpose the initial offset which cantest receiver
sensitivity.
1 = Not superimpose the initial offset
0 = Superimpose the initial offset. Error code caused by center frequency offset
can be cancelled in receiving state.
[3] THI1 In standby-II mode, LDO(except LDO of DVDD) Enable Bit.
In test mode, this bit is set to 1 when testing transmit single carrier and receive
sensitivity
1 = Enabled
0 = Disabled
[2:0] PREAMBLE[27:25] Preamble code

4.4.8.74 Additional Demodulator Register 7 (DEM_CAL2 7)

Register Offset R/W | Description Reset Value
DEM _CAL2 7 RF_BA+0x124 R/W | Additional Demodulator Register 7 0xA8

Bits Descriptions

[7:2] FRA _SPI IN[5:0]

[1:0]

PIN[2:1]

Output PIN Configuration after Chip Entering Test Mode(MISO/IRQ pin)

CHIP |0 1
PIN
000 Working mode. Test sensitivity mode.
As demodulator data or clock
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As data input or interrupt out- | output pin.
put pin.
110 - Test receive mode.

As limit I and Q two way out-

put pin.
4.4.8.75 Additional Demodulator Register 8 (DEM_CAL2 8)
Register Offset R/W | Description Reset Value
DEM_CAL2 8 RF_BA+0x128 R/W | Additional Demodulator Register 8 0xAA
Bits Descriptions
[7:6] VCO_DLY SEL The delay from vco_cal triggered to started. That is, the charging time for the
filter capacitor.
00 =3us
01 = 6us
10 =9us
11 =12us
[5:0] FRA SPI _IN[11:6]
4.4.8.76 Dynamic Payload Length Enable Register(DYNPD)
Register Offset R/W | Description Reset Value
DYNPD RF_BA+0x12C R/W | Dynamic Payload Length Enable Register 0x00
Bits Descriptions
[7:6] Reserved Reserved
[5] DPL PS5 Enable dynamic payload length data pipe 5.
(Requires EN_DPL and ENAA P5)
[4] DPL P4 Enable dynamic payload length data pipe 4.
(Requires EN_DPL and ENAA P4)
[3] DPL P3 Enable dynamic payload length data pipe 3.
(Requires EN_DPL and ENAA P3)
[2] DPL P2 Enable dynamic payload length data pipe 2.
(Requires EN_DPL and ENAA P2)
[1] DPL PI Enable dynamic payload length data pipe 1.
(Requires EN_DPL and ENAA P1)
[0] DPL PO Enable dynamic payload length data pipe 0.
(Requires EN_DPL and ENAA PO0)
4.4.8.77 Feature Register(FEATURE)
Register Offset R/W | Description Reset Value
FEATURE RF_BA+0x130 R/W | Feature Register 0x00
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Bits Descriptions
[7] LVR OUT LVR OUT state(Read-only)
0 = Low voltage reset
[6] MUX PA TRQ The IRQ pin output:
0 =IRQ signal
1 =EN_PA signal
[5] CE _SEL CE control:
0 = CE is controlled by the pin
1 = CE is controlled by SPI command
[4:3] DATA LEN SEL FIFO length:
11 = 64byte
00 = 32byte
[2] EN DPL Enable Dynamic Payload Length
[1] EN ACK PAY Enable Payload with ACK
[0] EN NOACK Enable theW TX PAYLOAD NOACK command

4.4.8.78 RF Parameter RegisterO(RF_CAL _0)

000 = OuA
001 =1.25uA

111 = 1.75uA

Register Offset R/W | Description Reset Value
RF CAL 0 RF_BA+0x134 R/W | RF Parameter Register 0 0x80
Bits Descriptions
[7] S RES 1P2G[0] 1.2G divided by 2 resistance:
00=2.2K
01=1.76K
10 =1.46K
11=1.25K
[6:4] CP_SHIFT IP_SEL PLL_CP_CHIFT charge current control

[3:1]

CP_SHIFT_IN_SEL

PLL CP_SHIFT discharge current control
000 = OuA
001 =1.25uA

111 = 1.75uA

(0]

EN_CP_SHIFT

PLL CP_SHIFT Module Enable Bit
1 = Enabled
0 = Disabled
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4.4.8.79 RF Parameter Register1(RF_CAL 1)

Register Offset R/W | Description Reset Value
RF CAL 1 RF BA+0x138 R/W | RF Parameter Register 1 0x02
Bits Descriptions
[7] TST DAC
[6] TST LVR
[5] TST RSSI
[4] TST VBG
[3] Reserved Reserved
[2:1] S RES 2P4G 2.4G divided by 2 resistance:
00=1.5K
01=1.2K
10=1.0K
11 =0.85K
[0] S RES 1P2@G[1] 1.2G divided by 2 resistance:
00=2.2K
01 =1.76K
10 =1.46K
11=125K
4.4.8.80 RF Parameter Register 2(RF_CAL 2)
Register Offset R/W | Description Reset Value
RF _CAL 2 RF _BA+0x13C R/W | RF Parameter Register 2 0xA0
Bits Descriptions
[7:6] PLL IB ISEL[1:0] VCO Current Control
[5:4] PLL IPTAT ISEL[1:0] | VCO Current Control
[3:2] Reserved Reserved
[1] TST_ADC
[0] TST_BPF
4.4.8.81 RF Parameter Register 3(RF_CAL_3)
Register Offset R/W | Description Reset Value
RF CAL 3 RF_BA+0x140 R/W | RF Parameter Register 3 0x88
Bits Descriptions
[7:4] VCO_RX CODE IN RX VCO Frequency Selection. These bits are only valid when

EN VCO_CAL=0.
1111 = High frequency band
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0000 = Low frequency band

[3:0]

VCO_TX_CODE_IN

TX VCO Frequency Selection. These bits are

EN_VCO_CAL=0.

only wvalid when

1111 = High frequency band

0000 = Low frequency band

4.4.8.82 RF Parameter Register 4(RF_CAL _4)

Register Offset R/W | Description Reset Value
RF CAL 4 RF_BA+0x144 R/W | RF Parameter Register 4 0x71
Bits Descriptions
[7:5] PLL PRE ISEL[2:0] PLL 2 frequency division input DC control
[4] PLL PRE TAILEN Pre-2 Frequency Divider Enabling Control in PRECAL
[3] Reserved Reserved
[2] MANUAL VCO_CODE | It’s only valid when EN_VCO_CAL=0.
1 = Use the code defined by BB CAL2<7:0>
0 = Use the auto-calibrated code.
[1] DATAOUT _S DATAOUT Register Output Selection signal
1 = Output analog_data[6:0]
0 = OutputVCO_CODE[3:0]
[0] IRQ inv_sel IRQOutput Inverse Bit
1 = Output inversed
0 = Output not inversed
4.4.8.83 RF Parameter Register S(RF_CAL 5)
Register Offset R/W | Description Reset Value
RF CAL 5 RF_BA+0x148 R/W | RF Parameter Register 5 0xBB
Bits Descriptions
[7] PLL DIV2 IB _CTLJ[0] PLL 2 frequency division current control
[6:4] PLL DIV2 ISEL[2:0] PLL 2 frequency division input DC control
[3] PLL DIV2 TAILEN Post-2 Frequency Divider Enabling Control in PRECAL
[2:0] PLL PRE IB CTL[2:0] | PLL 2 frequency division current control
4.4.8.84 RF Parameter Register 6(RF_CAL _6)
Register Offset R/W | Description Reset Value
RF CAL 6 RF_BA+0x14C R/W | RF Parameter Register 6 0x61
Bits Descriptions
[7:6] PLL_VCO_FC _SEL[1:0] | VCO Manual calibration of process foot
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[5:2]

PLL RX_VCO ISEL

VCO RX Current Control.

[1:0]

PLL DIV2 IB_CTL[2:1]

PLL 2 frequency division current control

4.4.8.85 RF Parameter Register 7(RF_CAL _7)

Register

Offset

R/W | Description Reset Value

RF_CAL 7

RF_BA+0x150

R/W | RF Parameter Register 7 0x54

Bits

Descriptions

[7:6]

PLL_LPF R3[1:0]

PLL Filter R3 Selection
00=2K
01 =4K
10 = 6K
11=8K

[5:4]

PLL_LPF_RZ[1:0]

PLL Filter Rz Selection
00 = 50K

01 =70K

10 =90K

11=110K

[3:2]

PLL LPF VSEL[1:0]

PLL Calibration Reference Voltage
00 =638mV
01 =738mV
10 =838mV
11 =938mV

[1:0]

Reserved

Reserved

4.4.8.86 RF Parameter Register §(RF_CAL _8)

Register Offset R/W | Description Reset Value
RF _CAL 8 RF_BA+0x154 R/W | RF Parameter Register 8 0x61
Bits Descriptions
[7:6] PLL PFD DELAY[1:0] PLL PFD Deadtime Control

00 =500ps

01 =650ps

10 = 800ps

11 =950ps
[5:2] PLL CP_ISEL[3:0] PLL Filter CP Current Selection

0000 = OuA

1111 =37.5uA
[1:0] PLL LPF C3[1:0] PLL Filter C3 Selection

00 = 16pF

01 =20pF
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10 = 24pF
11 = 28pF

4.4.8.87 RF Parameter Register 9(RF_CAL_9)

Register Offset R/W | Description Reset Value
RF CAL 9 RF_BA+0x158 R/W | RF Parameter Register 9 0x80
Bits Descriptions
[7:4] PLL TX VCO_ISEL VCO TX Current Control
[3:1] Reserved Reserved
[0] TST CTL Vctl external voltage valid control bit (Only used for test)

0: Vctl invalid

1: Vetl valid

4.4.8.88 Digital Baseband Parameter Register 0 (BB_CAL 0)
Register Offset R/W | Description Reset Value
BB CAL 0 RF BA+0x15C R/W | Digital Baseband Parameter Register 0 0x0A
Bits Descriptions
[7:6] RX SETUP TIME[1:0] | RX RF Channel PLL Stable Time.
The calculation formula: RX SETUP_TIMEX16. The unit is us.

[5:0] RX ACK TIME The longest time of waiting ACK after PTX entering receive mode. The trans-

mission will be regarded failed if exceeding this time.
The calculation formula:

1Mbps + DSSS: RX ACK TIMEx512 us.

1Mbps + GFSK: RX ACK TIMEx32+31.5 us.
250Kbps + GFSK: RX ACK TIMEx128+127.5 us.

4.4.8.89 Digital Baseband Parameter Register 1 (BB_CAL 1)

Register Offset R/W | Description Reset Value
BB CAL 1 RF_BA+0x160 R/W | Digital Baseband Parameter Register 1 0x6D
Bits Descriptions
[7:3] TX SETUP_TIME The time interval between transmit PA enabled and PLL open-loop.
The calculation formula: TX SETUP_TIMEx16. The unit is us.
[2:0] RX SETUP TIME[4:2] | RX RF Channel PLL Stable Time.
The calculation formula: RX SETUP TIMEX16. The unit is us.

4.4.8.90 Digital Baseband Parameter Register 2 (BB_CAL 2)

‘ Register

‘ Offset

‘ R/W ‘ Description

‘ Reset Value
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‘ BB CAL 2 | RF_BA+0x164 ‘ R/W ‘ Digital Baseband Parameter Register 2 ‘ 0x24
Bits Descriptions
[7:5] TRX TIME The time interval between PLL open-loop and transmitting data.
The calculation formula: TRX TIMEX8+7.5. The unit is us.
[4:0] PA1 SET TIME The time interval between EN_PA1ST pull-up and EN_PA2ST pull-up.

Range: [0,496]us
Default value: 64us.

The calculation formula: PA1_SET TIMEx16. The unit is us.

4.4.8.91 Digital Baseband Parameter Register 3 (BB_CAL 3)

Register Offset R/W | Description Reset Value
BB _CAL 3 RF_BA+0x168 R/W | Digital Baseband Parameter Register 3 0x24
Bits Descriptions
[7:0] Reserved ‘ Reserved
4.4.8.92 Digital Baseband Parameter Register 4 (BB_CAL _4)
Register Offset R/W | Description Reset Value
BB CAL 4 RF_BA+0x16C R/W | Digital Baseband Parameter Register 4 0x4E
Bits Descriptions
[7:2] Reserved Reserved

(1]

INVERTER CAL

Re_data Inverse Bit
1 = Inversed

0 = Not inversed

(0]

DAC _MODE

1:dac_out[5:0]<=[0:5]
0:dac_out[5:0]<= [5:0]

Dac_out[5:0] output inverse bit. Dac_out[5:0] is the input of DAC data.

4.4.8.93 Digital Baseband Parameter Register 5 (BB_CAL _5)

Register Offset R/W | Description Reset Value
BB CAL 5 RF_BA+0x170 R/W | Digital Baseband Parameter Register 5 0x20
Bits Descriptions
[7:0] Reserved ‘ Reserved

4.4.8.94 Digital Baseband Parameter Register 6 (BB_CAL _6)
Register Offset R/W | Description Reset Value
BB CAL 6 RF BA+0x174 R/W | Digital Baseband Parameter Register 6 0x7F
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Bits Descriptions
[7:5] PA2ST CTM[2:0] PA2ST Peak Point adjustment
[4:3] PAIST ISEL[1:0] PA1ST Bias Current Control
[2:0] TX DIV2 BIAS CLKJ[2:0] | VCO%?2 Circuit Control

4.4.8.95 Digital Baseband Parameter Register 7 (BB_CAL _7)

Register Offset R/W | Description Reset Value

BB CAL 7 RF BA+0x178 R/W | Digital Baseband Parameter Register 7 0x9B

Bits Descriptions

[7:5] TX DAC_VREF H[2:0] DAC Reference Voltage Selection

[4] EN PA DIV2 TAIL VCO0%?2 Circuit Tail Current Enable Control

[3] EN _TX DIV2 VCO0%?2 Enable Circuit

[2:0] PA1ST CTMJ[2:0] PA1ST Peak Point adjustment

4.4.8.96 Digital Baseband Parameter Register 8 (BB_CAL _8)

Register Offset R/W | Description Reset Value

BB CAL 8 RF_BA+0x17C R/W | Digital Baseband Parameter Register 8 0xE4

Bits Descriptions

[7:6] PA_ICTR[1:0] PA Bias Current Configuration. Select the ratio of constant source current
source to PTAT current source

[5] TX DAC LPF BW DAC Filter Baseband Control

[4:3] TX DAC_GC(C[1:0] DAC Output Gain Control

[2:0] TX DAC_VREF L[2:0] DAC Reference Voltage Select

4.4.8.97 Digital Baseband Parameter Register 9 (BB_CAL 9)

source and PTAT current source

Register Offset R/W | Description Reset Value

BB CAL 9 RF_BA+0x180 R/W | Digital Baseband Parameter Register 9 0x00

Bits Descriptions

[7:1] Reserved Reserved

[0] PA_ICTR[2] PA Bias Current Configuration. Select the ratio of constant source current

4.4.8.98 RF CE Register (RF_CE)

Register

Offset R/W

Description

Reset Value

RF_CE

RF BA+0x184 R/W

RF CE Register

0x00
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Bits Descriptions
[7:1] Reserved Reserved
[0] CE CE

4.4.8.99 RF Command Register (RF_CMD)

Register Offset R/W | Description Reset Value
RF_CMD RF_BA+0x188 R/W | RF Command Register 0x00
Bits Descriptions
[7:0] RF CMD 8’b0110 0001 : R RX PAYLOAD
8’b1010 0000 : W_TX PAYLOAD
8’b1110 0001 : FLUSH TX
8’b1110 0010 : FLUSH RX
8’b1110 0011 : REUSE TX PL
8’b0111 0011 : ACTIVE
8’b1000 1100 : DEACTIVE
8’b1010 1PPP: W_ACK PAYLOAD
8’b1011 0000 : W_TX PAYLOAD NOACK
8’b0101 1010 : RST HOLD
8’b1010 0101 : RST RELS
8’b1111 1111 : NOP
4.4.8.100 RF FIFO Register (RF_FIFO)
Register Offset R/W | Description Reset Value
RF_FIFO RF_BA+0x18C R/W | RF FIFO Register 0x00
Bits Descriptions
[7:0] RF_FIFO TX MODE:TX data payload register 1 ~ 64 bytes
RX MODE:RX data payload register 1 ~ 64 bytes
4.4.8.101 RF Payload Configuration Register (RF_PL_WIDTH)
Register Offset R/W | Description Reset Value
RF PL WIDTH | RF BA+0x190 R RF Payload Configuration Register 0x00
Bits Descriptions
[7:0] RF_FIFO | The width of the payload.
4.4.8.102 Chip Identification Register (CHIP ID)
Register Offset R/W | Description Reset Value
CHIP_ID RF BA+0x194~0x198 | R Chip Identification Register 0x5051
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Bits Descriptions
[15:0] CHIP_ID Chip ID.

{0x8CD,0x8CC}

Note: Initial values of all registers (including read/write) after on-chip reset are shown in the table.

When accessing multi-byte registers/addresses/data, the order of reading/writing is low bytes fol-
lowed by high bytes. The high bit in a single byte is before the low bit.
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4.5 Flash Memory Controller (FMC)

4.5.1 Overview

The PAN2025 series are equipped with 32 Kbytes on-chip embedded flash for application and Data
Flash to store some application dependent data. A User Configuration block is provided for system
initialization. A size configurable loader ROM (LDROM) shared with 29K APROM is used for In-
System-Programming (ISP) function. This chip also supports In-Application-Programming (IAP)
function, user can switch the code executing without resetting the chip after the embedded flash
updated

4.5.2 Features

® Supports 29KB (default) application ROM (APROM).

Supports 2KB (default) loader ROM (LDROM).

Supports size configurable for APROM and LDROM, the total size of them is 31KB.

Supports configurable Data Flash size to share with APROM.

Supports 16 bytes page erase for all embedded flash.

Supports 512 bytes page erase for all embedded flash.

Supports CRC-32 checksum calculation function.

® Supports In-System-Programming (ISP) / In-Application-Programming (1AP) to update embed-
ded flash memory.

4.5.3 Block Diagram

The flash memory controller (FMC) consists of AHB slave interface, flash control registers, flash
initialization controller, flash operation control and embedded flash memory. Figure 4-15 shows the
block diagram of flash memory controller.

System Bus
A
Bus salve interface
FLASH Control
registers
¢ Flash Initialization
Controller
FLASH Operation
Controller
Embedded-Flash Memory
&) = S =
[a) LL (@] < (@]
5 2 o i} [a el
(@] [a) [ o
O - [a) <

Figure 4-15 Flash Memory Control Block Diagram
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® Bus Slave Interface

There are single bus slave interfaces in flash memory controller for CPU to perform the instruction
data fetch and ISP control registers.

® Flash Control Registers

All the ISP control and status registers are in the flash control registers. The detailed registers de-
scription is in the Register Description section

® Flash Initialization Controller

Once chip is powered on or active from reset, the flash initialization controller will start to access
flash automatically, check the flash stability, and reload User Configuration content to the flash
control registers for system initialization.

® Flash Operation Controller

The flash operations, such as checksum, flash erase, flash program, and flash read operation, have
specific control timing for embedded flash memory. The flash operation controller generates those
control timing by requests from the flash control registers and the flash initialization controller.

® Embedded Flash Memory

The embedded flash memory is the main memory for user application code and parameters. It con-
sists of the user configuration block, 2 KB LDROM, 29 KB APROM with Data Flash. The page
erase flash size is 512B, and program bit width is 16 bits.The size of APROM and LDROM can be
configured by APAEND_DIS (CONFIG3[16]) and APAEND (CONFIG3 [14:0]), and the total size
of APROM and LDROM is 31KB.

4.5.4 Functional Description

The FMC functions include the memory organization, boot selection, 1AP, ISP, the embedded flash
programming, and checksum calculation.

4.5.4.1 Memory Organization

The FMC memory consists of the embedded flash memory. The embedded flash memory is pro-
grammable, and includes APROM, LDROM, Data Flash and the User Configuration block. The
address map includes flash memory map and four system address maps: LDROM with IAP,
LDROM without IAP, APROM with IAP, and APROM without IAP functions.

4.5.4.2 LDROM, APROM and Data Flash

LDROM is designed for a loader to implement In-System-Programming (ISP) function by user. The
size is configured by user: the flash address starts from 0x0010 0000 and lasts to 0x0010 O7FF
(default). APROM is the main memory for user applications. The flash address starts from
0x0000 0000 to 0x0000 73FF (default). Data Flash is used to store application parameters (not
instruction). Data Flash is shared with APROM and the size is configurable. The base address of
Data Flash is determined by DFBA (CONFIG1[19:0]) and end address is APROM end address. All
the embedded flash memory is 512 bytes page erased.
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(] (]

] ]

] ]

] ]
0x0010_07FF Load ROM 0x0010_7BFF -APAEND[14:0] Load ROM
0X0010_0000 (LDROM) 0x0010_0000 (LDROM)

Reserved Reserved
0x0000_73FF {0x0000,APAEND[14:0]}
Data Flash Data Flash
DFBA DFBA
Application ROM Application ROM
(APROM) (APROM)
0x0000_0000 0x0000_0000

APAEND_DIS==1 (Default) APAEND_DIS==
Figure 4-16 APROM, LDROM and Data Flash share with a 31K Flash

4.5.4.3 User Configuration Block

User Configuration block is internal programmable configuration area for boot options, such as flash
security lock, boot select, brown-out voltage level, APROM Flash end address, and Data Flash base
address. It works like a fuse for power on setting. It is loaded from flash memory to its corresponding
control registers during chip power on. User can set these bits according to different application
requests. User Configuration block can be updated by ISP function and located at 0x0030_0000
with four 32 bits words (CONFIG0O, CONFIG1,CONFIG2 and CONFIG3). Any change on User
Configuration block will affect the following system reboot.

45.4.3.1. CONFIGO (Address = 0x0030 _0000)
31 | 30 | 290 | 28 | 21 | 2 | 25 | m
Reserved
23 | 2 | o | 20 | 19 | 18 | 17 | e
Reserved
s | o | w1 ] w2 | ou | 1w [ o K
Reserved
7 | 6 s | 4 ] 3 | 2 I 0
CBS Reserved LOCK Reserved
Bits Descriptions
[31:8] Reserved Reserved
[7:6] CBS Chip Booting Selection

When CBS[0] = 0 with IAP mode, the LDROM base address is mapping to 0x100000
and APROM base address is mapping to 0x0. User can access both APROM and
LDROM without boot switching. In other words, the code in LDROM and APROM can
be called by each other.

CBS value is valid.
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00 = Boot from LDROM with IAP mode.
01 = Boot from LDROM without IAP mode.
10 = Boot from APROM with IAP mode.
11 = Boot from APROM without IAP mode.
Note:BS (FMC_ISPCTL][ 1]) is only be used to control boot switching when CBS[0] =
1. VECMAP (FMC_ISPSTS[23:9]) is only be used to remap 0x0~0x1FF when CBS[0]
=0.
[5:2] Reserved Reserved
[1] LOCK Security Lock Control
0 = Flash memory content is locked.
1 = Flash memory content is locked except ALOCK (CONFIG2[7:0]) is 0x5A.
[0] Reserved Reserved
45.4.3.2. CONFIGI1 (Address = 0x0030_0004)
30 | 30 [ 290 ] 28 | 27 | 26 | 25 | u
Reserved
3 | 2 | a0 | 20 o | o8 | 11 | 1
Reserved DFBA
5 | o | 13 | no | w0 | o | 3
DFBA
7 | 6 IE 4 3 | 2 | 1 | o
DFBA
Bits Descriptions
[31:20] Reserved Reserved
[19:0] DFBA Data Flash Base Address
This register works only when DFEN (CONFIGO[0]) is set to 0. If DFEN (CONFIGO[0])
is set to 0, the Data Flash base address is defined by user. Since on-chip flash erase unit
is 512 bytes, it is mandatory to keep bit 8-0 as 0.
45.433. CONFIG2 (Address = 0x0030 _0008)
3t | 30 ] 20 ] 28 | 27 | 26 | 25 |
Reserved
3 | 2 | a2 | 19 | 18 | 11 | s
Reserved
s | o | o | w2 | oun | 1w ] 9 | 8
Reserved
7 K IE I | 2] 1 o
ALOCK
Bits Descriptions
[31:8] Reserved Reserved
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[7:0] ALOCK Advance Security Lock Control
0x5A = Flash memory content is unlocked if LOCK (CONFIGO[1]) is set to 1.
Others = Flash memory content is locked.

Note: ALOCK will be programmed as 0x5A after executing page erase or whole chip

€rase

45.43.4. CONFIG3 (Address = 0x0030_000C)

31 | 3 | 20 | 28 | 27 | 26 | 25 24
Reserved
23 | 2 | 2 | 20 | 19 | 18 | 17 16
Reserved APAEND DIS
15 4 | o1 | 12 | o | 1w | 9 8
Reserved APAEND
7 6 | 5 | 4 | 3 | 2 | 1 0
APAEND
Bits Descriptions
[31:17] Reserved Reserved
[16] APAEND DIS | APROM Address END Disable

1=APROM is 29K, and LDROM is 2K. APROM starts from 0x0000_ 0000 to
0x0000_73FF. LDROM starts from 0x0010 0000 to 0x0100_ O7FF.

0=APROM end address is configured by APAEND[14:0], APROM starts from
0x0000_0000 to {0x0000, APAEND[14:0]}. LDROM starts from 0x0010_ 0000 to
{0x0100, 7BFF-APAEND[14:0]}.The total size of APROM and LDROM is 31KB.
[15] Reserved Reserved

[14:0] APAEND APROM Address END;

APAEND DIS=1: APROM is 29K, and LDROM is 2K. APROM starts from
0x0000 0000 to {0x0000 73FF }.LDROM starts from 0x0010 0000 to
{0x0100 O7FF}.

APAEND_DIS=0: APROM end address is configured by APAEND[14:0], APROM
starts from 0x0000 0000 to {0x0000, APAEND[14:0]}. LDROM starts from
0x0010 0000 to {0x0100, 7BFF-APAEND[14:0]}. The total size of APROM and
LDROM is 31KB.

If Data Flash used, DFBA[15:0]should be litter than APAEND[14:0], Since on-chip
flash erase unit is 512 bytes, APAEND is mandatory to keep bit 8-0 as 1.

4.5.4.4 Flash Memory Map

In the PAN2025 series, the flash memory map is different from system memory map. The system
memory map is used for CPU to fetch code or data from FMC memory. The flash memory map is
used for ISP function to read, program or erase FMC memory. Figure 4-17 shows the flash memory
map.
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Byte address Byte address
0x0040_1BFF Fw defined Tsector D 0x01BFF@info
0x0040_0000 (ROM mode) (512B, ROM mode) 0X00000@ info

Reserved OX7FFF@main
0x0030_000F Configuration Block Configuration Block
(16B) (16B)
0x0030_0000 0x7E00@main
- | 0x7DFF@main
0x0020_O1FF Reserved
Reserved
—x0020_0000 Reserved 0x7C00@main
0x7BFF@main
0x0010_07FF Load ROM Load ROM
LDROM LDROM
0x0010_0000 ( ) ( ) 0x7400@main
Reserved :
0X0000_73FF 0x73FF@main
Data Flash
DEBA
Application ROM
Application ROM (APROM)
(APROM)
0x0000_0000 0x0000@main

Figure 4-17 Flash Memory Map

4.5.4.5 System Memory Map with IAP Mode

The system memory map is used by CPU to fetch code or data from FMC memory.
LDROM(0x0010 _0000~0x0010_07FF) address map is the same as in the flash memory map. The
Data Flash is shared with APROM and the Data Flash base address is defined by CONFIG1. The
content of CONFIG1 is loaded into DFBA (Data Flash Base Address Register) at the flash initiali-
zation. The DFBA~APAEND is the Data Flash region for CPU data access, and
0x0000_0200~(DFBA-1) is APROM region for CPU instruction access.

The address from 0x0000_0000 to 0x0000_O01FF is called system memory vector. APROM and
LDROM can map to the system memory vector for CPU starting up. There are two kinds of system
memory map with IAP mode when chip booting: (1) LDROM with IAP, and (2) APROM with IAP.
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0x0030_000F | configuration Block
0X0030_0000 (16B)
Reserved
0x0010_O7FF Load ROM
0x0010_0000 (LDROM)
Reserved
0x0000_73FF
Data Flash

DEBA

Application ROM

(APROM)
0x0000 0200
0x0000 O01FF

System Mem Vector

0x0000_0000

Figure 4-18 System Memory Map with IAP Mode

In LDROM with IAP mode, the default value of {VECMAP[11:0], 9°h000} is 0x100000 and the
first page of LDROM (0x0010 0000 ~ 0x0010_O01FF) is mapped to the system memory vector for
CPU instruction or data access.

(]

]

]

(]
0x0010_O7FF Load ROM
0x0010_0000 (LDROM)

Reserved
0x0000_73FF
Data Flash

DEBA

Application ROM

(APROM)
0x0000_0200
0x0000_01FF 0x0010_O1FF Load ROM
Svstem Mem Vector _»
0x0000 0000 | o o e TEeRO 0X0010_0000 (LDROM 512B)

NOTE : {VECMAP[11:0], 9°h000} = 0x0010_0000

Figure 4-19 LDROM with IAP Mode

In APROM with IAP mode, the default value of {VECMAP[11:0], 9°h000} is 0x000000 and the
first page of APROM (0x0000 0000~0x0000 O1FF) is mapped to the system memory vector for
CPU instruction or data access.
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(]

(]

(]

(]
0x0010_O7FF Load ROM
0x0010_0000 (LDROM)

Reserved
0x0000_73FF
Data Flash

DEBA

Application ROM

(APROM)
0x0000_0200

0x0000_O1FF

System Mem Vector (M Application ROM
0x0000_0000 0X0000_0000 (APROM 512B)

NOTE : {VECMAP[11:0], 9°h000} = 0x0000_0000
Figure 4-20 APROM with IAP Mode

In system memory map with IAP mode, APROM and LDROM can remap to the system memory
vector when CPU running. User can write the target remap address to FMC ISPADDR register and
then trigger ISP procedure with the “Vector Page Remap” command (0x2E). In VECMAP
(FMC_ISPSTS[23:9]), shows the finial system memory vector mapping address.

4.5.4.6 System Memory Map without IAP mode

The system memory vector mapping is not supported. There are two kinds of system memory map
without IAP mode when chip booting: (1) LDROM without IAP, (2) APROM without IAP. In
LDROM without IAP mode, LDROM base is mapped to 0x0000_0000. CPU program cannot run
to access APROM. In APROM without IAP mode, APROM base is mapped to 0x0000 _0000. CPU
program cannot run to access LDROM. The Data Flash is shared with APROM and the Data Flash
base address is defined by CONFIGI. The content of CONFIGI1 is loaded into DFBA (Data Flash
Base Address Register) at the flash initialization. The DFBA~0x0000_73FF is the Data Flash region
for CPU data access, and 0x0000 0000~(DFBA-1) is APROM region for CPU instruction access.

0x0030_000F { ¢ £ guration Block Configuration Block 0x0030_000F
0x0030_0000 ( 1 6B) ( 1 GB) 0x0030_0000
Reserved Reserved
0x0010_O7FF Load ROM 0x0010_73FF
0x0010_0000 (LDROM)
Reserved ) )
0x0000_73FF Application ROM
Data Flash (APROM)
DEBA
Application ROM 0x0010_0000
(APROM) Reserved
Load ROM 0x0000_07FF
0x0000_0000 (LDROM) 0x0000_0000

Figure 4-21 System Memory Map without IAP Mode
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4.5.4.7 Boot Selection

The PAN2025 provides four booting sources for user select. They are LDROM with IAP, LDROM
without AP, APROM with IAP, and APROM without IAP. The booting source and system memory
map are set by CBS (CONFIGO[7:6]).

CBS(CONFIGO[7:6])

LDROM with IAP —3»| 00

LDROM without IAP —» 01
APROM with 1AP —» 10 Boot Source
APROM without IAP —»| 11

Controlled by CONFIGO

Figure 4-22 Boot Source Selection

Table 4-6 Vector Mapping Support Table

CBSJ1:0] Boot Selection/System Memory Map Vector Mapping Support
00 LDROM with IAP Yes
01 LDROM without IAP No
10 APROM with IAP Yes
11 APROM without IAP No

4.5.4.8 In-Application-Programming (IAP)

The PAN2025 series provide In-Application-Programming (IAP) function for user to switch the
code execution between APROM and LDROM. User can enable the IAP function by booting chip
and setting the chip boot selection bits in CBS (CONFIGO0[7:6]) as 10 or 00.

Once chip boots with 1AP function is enabled, any executable code (align to 512 bytes) can be
mapped to the system memory vector(0x0000_0000~0x0000_01FF) any time. Users can change the
remap address to FMC ISPADDR and then trigger ISP procedure with the “Vector Page Remap”
command.

4.5.4.9 In-System-Programming (ISP)

The PAN2025 series support In-System-Programming (ISP) function allowing the embedded flash
memory to be reprogrammed under software control. ISP can be performed without removing the
microcontroller from the system through the firmware and on-chip connectivity interface, such as
UART, I2C, and SPI.

The PAN2025 ISP provides the following functions for embedded flash memory.
@® Supports flash page erase function
® Supports flash data program function
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® Supports flash data read function
® Supports company ID read function
® Supports device ID read function
® Supports unique ID read function
® Supports CRC32 read function
® Supports memory checksum calculation function
® Supports system memory vector remap function
45.49.1. ISP Commands
Table 4-7 ISP Command List
ISP Command FMC_ISPCMD | FMC_ISPADDR FMC_ISPDAT
FLASH Page Erase 0x22 Valid address of flash memory origination. | N/A
It must be 512 bytes page alignment.
FLASH 32-bit Program | 0x21 Valid address of flash memory origination FMC ISPDAT: Program-
ming Data
FLASH Read 0x00 Valid address of flash memory origination FMC_ISPDAT: Return Data
Read Company ID 0x0B 0x0000_0000(user mode) FMC ISPDAT:
0x0040_0040(ROM mode) OXxFFFF_FFFF
Read Device ID 0x0C 0x0000_0004(user mode) FMC _ISPDAT:
0x0040_0084(ROM mode) OxFFFF_FFFF
Read CRC32 Checksum | 0x0D Keep address of “Run Checksum Calcula- | FMC ISPDAT: Return
tion” Checksum
Run CRC32 Checksum | 0x2D Valid start address of memory origination FMC _ISPDAT: Size
Calculation It must be 512 bytes page alignment It must be 512 bytes align-
ment
Read Unique ID 0x04 0x0000_0000 (user mode) FMC _ISPDAT: Unique ID
0x0040_0020(ROM mode) Word 0
Note: only care FMC_ISPADDR[4:2]
0x0000_0004 (user mode) FMC _ISPDAT: Unique ID
0x0040 _0024(ROM mode) Word 1
Note: only care FMC _ISPADDR[4:2]
0x0000_0008 (user mode) FMC _ISPDAT: Unique ID
0x0040_0028(ROM mode) Word2
Note: only care FMC _ISPADDR[4:2]
0x0000_000C (user mode) FMC _ISPDAT: Unique ID
0x0040_002C(ROM mode) Word3
Note: only care FMC_ISPADDR[4:2]
Read Unique Company | 0x04 0x0000_0010 (user mode) FMC _ISPDAT: Unique
ID 0x0040_0030(ROM mode) Company ID Word 0
Note: only care FMC_ISPADDR[4:2]
0x0000 0014 (user mode) FMC ISPDAT: Unique
0x0040 0034(ROM mode) Company ID Word 1
Note: only care FMC _ISPADDR[4:2]
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0x0000 0018 (user mode) FMC _ISPDAT: Unique
0x0040_0038(ROM mode) Company ID Word 2
Note: only care FMC_ISPADDR[4:2]
0x0000 _001C (user mode) FMC _ISPDAT: Unique
0x0040 003C(ROM mode) Company ID Word 3
Note: only care FMC_ISPADDR[4:2]

Vector Remap 0x2E Valid address in APROM or LDROM. It | N/A
must be 512 bytes alignment

Wafer ID 0x0040_00CO0 2 Words

ROM Version 0x0040 01CO 4 Words

45.49.2. ISP Procedure

The FMC provides embedded flash memory read, erase and program operation. Several control bits
of FMC control register are write-protected, thus it is necessary to be unlocked before setting.

After unlocking the protected register bits, user needs to set the FMC_ISPCTL control register to
decide to update LDROM, APROM or user configuration block, and then set ISPEN
(FMC_ISPCTL]Q]) to enable ISP function.

Once the EMC_ISPCTL register is set properly, user can set FEMC _ISPCMD (refer above ISP com-
mand list) for specify operation. Set FMC_ISPADDR for target flash memory based on flash
memory origination. EMC_ISPDAT can be used to set the data to program or used to return the read
data according to FMC_ISPCMD.

( Start )

i
«

Y
Enable ISPEN
| |

A 4 End of flash
Write FMC ISPADDR operation

Write FMC_ISPCMD
(Write FMC_ISPDAT)

y
Read FMC_ISPDAT
. &

| setIspco-l | Check ISPFF=1?

A

| Add ISB intruction |
aperatio
v
\o YES
Check
SPG0=02 Stop
- ( )

Figure 4-23 ISP Procedure Example

Finally, set ISPGO (FMC_ISPTRGIO0]) register to perform the relative ISP function. The ISPGO
(FMC_ISPTRGIO]) bit is self-cleared when ISP function has been done. To make sure ISP function
has been finished before CPU goes ahead, ISB (Instruction Synchronization Barrier) instruction is
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used right after ISPGO (FMC_ISPTRG[0]) setting.

Several error conditions will be checked after ISP is completed. If an error condition occurs, ISP
operation is not started and the ISP fail flag will be set instead. ISPFF (FMC_ISPSTS[6]) flag can
only be cleared by software. The next ISP procedure can be started even ISPFF (FMC_ISPSTS[6])
bit is kept as 1. Therefore, it is recommended to check the ISPFF (FMC_ISPSTS[6]) bit and clear it
after each ISP operation if it is set to 1.

When the ISPGO (FMC_ISPTRGJO]) bit is set, CPU will wait for ISP operation to finish during
this period; the peripheral still keeps working as usual. If any interrupt request occurs, CPU will not
service it till ISP operation has finished. When ISP operation has finished, the ISPGO bit will be
cleared by hardware automatically. User can check whether ISP operation is finished or not by the
ISPGO (FMC_ISPTRGIO0]) bit. User should add ISB (Instruction Synchronization Barrier) instruc-
tion next to the instruction in which ISPGO (FMC_ISPTRG[0]) bit is set 1 to ensure correct execu-
tion of the instructions following ISP operation.

4.5.4.10 CRC32 Checksum Calculation

The PAN2025 series support the Cyclic Redundancy Check (CRC-32) checksum calculation func-
tion to help user quickly check the memory content includes APROM and LDROM. The CRC-32
polynomial is below:

CR(C32: X324+ X204 X234 X224 X 104X 124 X M- X 104 X84+ X T4+ X+ XA X2+ X+ 1

Din[31:0]
Din[31]¢ ' ¢ Din[0]
Bit order reverse
Din R[0] Din_R[31]
Din_R[31:0]

CRC32 polynomial
CRC-32: X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X1+1
(seed=0xFFFF_FFFF)

CRC32[31:0]

CRC32[31] ¢ ¢CRC32 (0]

Bit order reverse

CRC32_R[0] CRC32_R[31]

CRC_CHKSUM[31] CRC_CHKSUM[0]

i CRC_CHKSUM[31:0]

Figure 4-24 CRC-32 Checksum Calculation
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The following three steps show the CRC-32 checksum calculation completely.

1. Perform ISP “Run Memory Checksum” operation: user has to set the memory starting address
(FMC_ISPADDR) and size (FMC_ISPDAT) to calculate. Both address and size have to be 4 bytes
alignment, the size should be must be multiples of 4 bytes and the starting address is absolute address,
in Figure 4-17 Flash Memory Map, it refers to byte address from flash perspect.

2. Perform ISP “Read Memory Checksum” operation: the FMC_ISPADDR should be kept as the
same as step 1.

3. Read FMC_ISPDAT to get checksum: The checksum is read from FMC _ISPDAT. If the check-
sum is 0x0000_0000, it must be one of two conditions (1) Checksum calculation is in-progress, (2)
Address and size is over device limitation.

Checksum
Calculation Start

****************************************

Write FMC_ISPADDR % Write FMC_ISPCMD (0x0D)

Write FMC_ISPDAT
Write FMC_ISPCMD(0x2D)

| set Tspeo-1 |

y Bl
| set1secost || v

| Add TSB intruction |

y
| Add TSB intruction |

)

) 4
Check
SPGO=0?
YES

Read checksum from
FMC_ISPDAT

Figure 4-25 CRC-32 Checksum Calculation Flow

4.5.5 FMC Register Map

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

Register ‘ Offset ‘ R/W ‘ Description Reset Value
FMC Base Address:
FMC_BA = 0x4005_0000
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FMC _ISPCTL FMC_BA+0x00 R/W | ISP Control Register 0x0000 000X
FMC _ISPADDR | FMC BA+0x04 R/W | ISP Address Register 0x0000_0000
FMC_ISPDAT FMC_BA+0x08 R/W | ISP Data Register 0x0000_0000
FMC_ISPCMD FMC BA+0x18 R/W | ISP Command Register 0x0000_0000
FMC_ISPTRG FMC BA+0x1C R/W | ISP Trigger Control Register 0x0000_0000
FMC DFBA FMC BA+0x20 R Data Flash Base Address 0xXXXX XXXX
FMC FATCTL FMC BA+0x24 R/W | Flash Access Time Control Register 0x0000_0000
FMC_ISPSTS FMC_BA+0x40 R/W | ISP Status Register 0xX0X0_ 000X
FMC_ISPCFG0O0 | FMC BA+0x50 R ISP Configure0 Register OxFFFF_FFFF
FMC_ISPCFG1 | FMC BA+0x54 R ISP Configurel Register OxFFFF_FFFF
FMC_ISPCFG2 | FMC_BA+0x58 R ISP Configure2 Register OxFFFF_FFFF
FMC_ISPCFG3 | FMC_BA+0x5C R ISP Configure3 Register OxFFFF_FFFF

4.5.6 FMC Register Description
4.5.6.1 ISP Control Register (FMC_ISPCTL)

Register

Offset

R/W

Description

Reset Value

FMC_ISPCTL

FMC_BA+0x00

R/W

ISP Control Register

0x0000_000X

Bits

Descriptions

[31:6]

Reserved

Reserved.

[5]

LDUEN

LDROM Update Enable (Write Protect)
0 = LDROM cannot be updated.
1 = LDROM can be updated.

CFGUEN

CONFIG Update Enable Bit (Write Protect)
0 = CONFIG cannot be updated.
1 = CONFIG can be updated.

APUEN

APROM Update Enable Bit (Write Protect)
0 = APROM cannot be updated when the chip runs in APROM.
1 = APROM can be updated when the chip runs in APROM.

Reserved

Reserved

(1]

BS

Boot Select (Read Only)

This bit can also act as chip booting status flag, which can be used to check where chip
is booted from. This bit is initiated with the inversed value of CBS[1] (CONFIGO[7])
after any reset is happened except CPU reset (CPUREF is 1) or system reset (SYSRF)

0 = Booting from APROM.

1 = Booting from LDROM.

(0]

ISPEN

ISP Enable Bit (Write Protect)

Set this bit to enable the ISP function.
0 = ISP function disabled.

1 = ISP function enabled.
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4.5.6.2 ISP Address (FMC_ISPADDR)

Register Offset R/W | Description Reset Value
FMC ISPADDR | FMC BA+0x04 R/W | ISP Address Register 0x0000 0000
Bits Descriptions

[31:0] ISPADDR ISP Address

The PAN2025 is equipped with embedded flash. ISPADDR[ 1:0] must be kept 00 for ISP
32-bit operation. and ISPADDR][8:0] must be kept all 0 for Vector Page Re-map Com-
mand

For CRC32 Checksum Calculation command, this field is the flash starting address for
checksum calculation, 512 bytes alignment is necessary for checksum calculation.

The specific relationship between ISP command and FMC ISPADDR can be related to
Table 4-7.

4.5.6.3 ISP Data Register (FMC_ISPDAT)

Register Offset R/W | Description Reset Value
FMC ISPDAT FMC_BA+0x08 R/W | ISP Data Register 0x0000_0000
Bits Descriptions

[31:0] ISPDAT ISP Data

Write data to this register before ISP program operation.

Read data from this register after ISP read operation.

To run CRC32 Checksum Calculation command, ISPDAT is the memory size (byte) and
16 bytes alignment. For ISP Read Checksum command, ISPDAT is the checksum result.
If ISPDAT = 0x0000_0000, it means that (1) the checksum calculation is in progress, or
(2) the memory range for checksum calculation is incorrect.

The specific relationship between ISP command and FMC _ISPDAT can be related to
Table 4-7.

4.5.6.4 ISP Command Register (FMC_ISPCMD)

Register Offset R/W | Description Reset Value
FMC _ISPCMD FMC BA+0x18 R/W | ISP Command Register 0x0000_0000
Bits Descriptions

[31:7] Reserved Reserved

[6:0] CMD ISP CMD

ISP command table is shown below:
0x00 = FLASH Read.

0x04 = Read Unique ID.

0x0B = Read Company ID.
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0x0C = Read Device ID.

0x0D = Read CRC32 Checksum.

0x21 = FLASH 32-bit Program.

0x22 = FLASH Page Erase.

0x23 = FLASH whole chip Erase (ROM mode).
0x2D = Run CRC32 Checksum Calculation.
0x2E = Vector Remap.

The other commands are invalid.

4.5.6.5 ISP Trigger Control Register (FMC_ISPTRG)

Register Offset R/W | Description Reset Value
FMC _ISPTRG FMC _BA+0x1C R/W | ISP Trigger Control Register 0x0000_0000
Bits Descriptions

[31:1] Reserved Reserved

[0] ISPGO ISP Start Trigger (Write Protect)

Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation has finished.
0 = ISP operation has finished.

1 = ISP is in progress.

4.5.6.6 Data Flash Base Address Register (FMC_DFBA)

Register Offset R/W | Description Reset Value
FMC _DFBA FMC_BA+0x20 R Data Flash Base Address 0xXXXX XXXX
Bits Descriptions

[31:20] Reserved Reserved

[19:0] DFBA Data Flash Base Address

This register indicates Data Flash start address. It is a read only register.

The Data Flash is shared with APROM. The content of this register is loaded from CON-
FIG1

This register is valid when DFEN (CONFIGO[0]) =0 .

4.5.6.7 Flash Access Time Control Register (FMC_FATCTL)

Register Offset R/W | Description Reset Value

FMC FATCTL FMC BA+0x24 R/W | Flash Access Time Control Register 0x0000_0000

Bits Descriptions

[31:4] Reserved Reserved
Reserved Frequency Optimization Mode (Write Protect)

[3:0] FATCTL ) ] o o .
The series support adjustable flash access timing to optimize the flash access cycles in
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different working frequency.

X (latency + 0.5) = 30ns
l:System clock

The unit of system clock frequency is Mhz

4.5.6.8 ISP Status Register (FMC_ISPSTYS)

Register Offset R/W | Description Reset Value
FMC _ISPSTS FMC_BA+0x40 R/W | ISP Status Register 0xX0X0_ 000X
Bits Descriptions
[31:21] Reserved Reserved
[20:9] VECMAP Vector Page Mapping Address (Read Only)
All access to 0x0000 _0000~0x0000 O1FF is remapped to the flash memory address
{VECMAP[11:0], 9'h000} ~ {VECMAP[11:0], 9'h1FF}
[8:3] Reserved Reserved
[2:1] CBS Boot Selection Of CONFIG (Read Only)
This bit is initiated with the CBS (CONFIGO[7:6]) after any reset is happened except
CPU reset (RSTS _CPU is 1) or system reset (RSTS_SYS).
00 = LDROM with IAP mode.
01 = LDROM without IAP mode.
10 = APROM with IAP mode.
11 = APROM without TAP mode.
[0] ISPBUSY ISP BUSY (Read Only)

0 = ISP operation is finished.

1 = ISP operation is busy.

4.5.6.9 ISP Configure( Register (FMC_ISPCFGO0)

Register

Offset

R/W | Description Reset Value

FMC_ISPCFGO

FMC_BA+0x50 R

ISP configure Register OxFFFF_FFFF

Bits Descriptions
[31:8] Reserved Reserved
[7:6] CBS Chip Booting Selection (Read Only)

When CBS[0] = 0 with IAP mode, the LDROM base address is mapped to 0x100000
and APROM base address is mapped to 0x0. User could access both APROM and
LDROM without boot switching. In other words, the code in LDROM and APROM can
be called by each other.

CBS value is valid.

00 = Boot from LDROM with IAP mode.

01 = Boot from LDROM without IAP mode.

10 = Boot from APROM with IAP mode.
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11 = Boot from APROM without IAP mode.

Note:

BS (FMC _ISPCTL] 1]) is only be used to control boot switching when CBS[0] = 1.
VECMAP (FMC_ISPSTS[23:9]) is only be used to remap 0x0~0x1FF when CBS[0] =
0.

[5:2] Reserved Reserved
[1] LOCK Security Lock Control (Read Only)

0 = Flash memory content is locked.

1 = Flash memory content is locked except ALOCK (CONFIG2[7:0]) is 0x5A.
[0] Reserved Reserved

4.5.6.10 ISP Configurel Register (FMC _ISPCFG1)

Register

Offset

R/W | Description Reset Value

FMC _ISPCFGI1

FMC BA+0x54 R

ISP configure Register OxFFFF FFFF

Bits Descriptions
[31:20] Reserved Reserved
[19:0] DFBA Data Flash Base Address (Read Only)

This register works only when DFEN (CONFIGO[0]) is set to 0. f DFEN (CONFIGO[0])
is set to 0, the Data Flash base address is defined by user. Since on-chip flash erase unit

is 512 bytes, it is mandatory to keep bit 8-0 as 0.

4.5.6.11 ISP Configure2 Register (FMC ISPCFG2)

Register

Offset

R/W | Description Reset Value

FMC_ISPCFG2

FMC_BA+0x58 R

ISP Configure2 Register OxFFFF_FFFF

Bits Descriptions
[31:8] Reserved Reserved
[7:0] ALOCK Advance Security Lock Control (Read Only)

0x5A = Flash memory content is unlocked if LOCK (CONFIGO[1]) is set to 1.
Others = Flash memory content is locked.
Note: ALOCK will be programmed as 0x5A after executing page erase or whole chip

€rase

4.5.6.12 ISP Configure3 Register (FMC _ISPCFG3)

Register

Offset

R/W | Description Reset Value

FMC ISPCFG3

FMC _BA+0x5C R

ISP Configure3 Register OxFFFF_FFFF

Bits Descriptions
[31:17] Reserved Reserved
[16] APAEND DIS | APROM Address END Disable (Read Only)
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1=APROM is 29K, and LDROM is 2K. APROM is from 0x0000 0000 to
{0x0000_73FF}. LDROM is from 0x0010 0000 to {0x0100_ O7FF}.

0=APROM end address is configured by APAEND[14:0], APROM is from
0x0000_0000 to {15°h0, APAEND[14:0]}.LDROM is from 0x0010 0000 to
0x0010_00000+(18’h7BFF-APAEND][14:0]}. The total size of APROM and LDROM
is 31KB.

[15]

Reserved

Reserved

[14:0]

APAEND

APROM Address END (Read Only)

APAEND_DIS=1: APROM is 29K, and LDROM is 2K. APROM is from 0x0000_0000
to {0x0000 73FF}.LDROM starts from 0x0010_0000 to {0x0010_07FF}.
APAEND_DIS=0: APROM end address is configured by APAEND[14:0], APROM is
from 0x0000_0000 to {15°h0, APAEND[14:0]}.LDROM is start from 0x0010 0000 to
0x0010_0000+(18°h7BFF-APAEND[14:0]}.The total size of APROM and LDROM is
31KB.

Note: the separation of APROM and LDROM is page aligned, in other words, the size
of APROM or LDROM is a integer times of 512 bytes. The page address of APROM is
{9°d0 --- APAEND[14:6]}(we have 512 pages totally in main flash)
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4.6 General Purpose 1/0 (GPI10O)

4.6.1 Overview

The PAN2025 has up to 24 General Purpose 1/0O pins to be shared with other function pins depend-
ing on the chip configuration. These 24 pins are arranged in 6 ports named as PO, P1, P2, P3, P4 and
P5. Each of the 24 pins is independent and has the corresponding register bits to control the pin
mode function and data. Different package formats correspond to different GP1O numbers. There
are 21 pins for QFN32 and 24 pins for QFN40.

The 1/0 type of each pin can be configured by software individually as Input, Push-pull output,
Open-drain output, or Quasi-bidirectional mode. After the chip is reset, the I/O mode of all pins
stays in input mode and each port data register Px_DOUT][n] resets to 1. For Quasi-bidirectional
mode, each 1/0 pin is equipped with a very weak individual pull-up resistor about 110k~ 300k for
VDDis from 2.2 V t0 3.6 V.

4.6.2 Features

® Four I/O modes:
B Quasi-bidirectional mode
B Push-pull output
B Open-drain output
B Input-only with high impendence

® (Quasi-bidirectional TTL/Schmitt trigger input mode selected by SYS_Px_MFP[23:16]
@ |/O pin configured as interrupt source with edge/level setting
® |/O pin internal pull-up resistor enabled only in Quasi-bidirectional 1/0 mode
® Enabling the pin interrupt function will also enable the pin wake-up function
® Supporting high driver and high sink 1/0 mode
4.6.3 Block Diagram
A
Control Regesters
PO P5 PO
Control Register Control Register < >»<«—>
< =E§I<1£>
P1
Control Register P2
3 < >X<«>
5 j e
<> Controlplzlegister h ” Eﬂ‘;
< > X<«
P3 P5
Control Register < ;EQH

P4
Control Register

y Y VVYVYY
Interrupt,
Wake-up Event
Detector

De-bounce Control Register

GPIO INT
A
Y

Figure 4-26 GPIO Controller Block Diagram
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4.6.4 Basic Configuration

The GPIO pin functions are configured in SYS PO MFP, SYS P1 _MFP, SYS P2 MFP,
SYS P3 MFP, SYS P4 MFP and SYS_P5_MFP registers.

4.6.5 Functional Description

4.6.5.1 Input Mode

Set MODEn (Px MODE[2n+1:2n]) to 00 as the Px.n pin is in Input mode and the I/O pin is in tri-
state (high impedance) without output drive capability. The PIN (Px_PIN[n]) value reflects the sta-
tus of the corresponding port pins.

4.6.5.2 Push-pull Output Mode

Set MODEn (Px_MODE[2n+1:2n]) to 01 as the Px.n pin is in Push-pull Output mode and the I/O
pin supports digital output function with source/sink current capability. The bit value in the corre-
sponding DOUT (Px DOUT][n]) is driven on the pin.

VDD

Port Pin

Port Latch Data N

Figure 4-27 Push-Pull Output

4.6.5.3 Open-drain OQutput Mode

Set MODEn (Px_MODE[2n+1:2n]) to 10 as the Px.n pin is in Open-drain mode and the digital
output function of /O pin supports only sink current capability, an external pull-up register is needed
for driving high state. If the bit value in the corresponding DOUT (Px_DOUT][n]) bit is 0, the pin
drives a low output on the pin. If the bit value in the corresponding DOUT (Px_DOUT](n]) bit is 1,
the pin output drives high that is controlled by external pull high resistor.

Port Pin

Port Latch Data N

Figure 4-28 Open-Drain Output
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4.6.5.4 Quasi-bidirectional Mode

Set MODEn (Px_MODE[2n+1:2n]) to 11 as the Px.n pin is in Quasi-bidirectional mode and the I/O
pin supports digital output and input function at the same time but the source current is only up to
hundreds uA. Before the digital input function is performed the corresponding DOUT
(Px_DOUT](n]) bit must be set to 1. If the bit value in the corresponding DOUT (Px_DOUT](n]) bit
is 0, the pin drives a low output on the pin. If the bit value in the corresponding DOUT
(Px_DOUT](n]) bit is 1, the pin status is controlled by the internal pull-up resistor.

AVDD
R=20K

Port Latch Data N
|
|

Port Pin

[

\Y%
< o<} <><}—
Figure 4-29 Quasi-Bidirectional /O Mode

4.6.6 GPIO Interrupt and Wake-up Function

Each GPIO pin can be set as a chip interrupt source by setting correlative RHIEN (Px_IN-
TEN[n+16])/ FLIEN (Px_INTENI[n]) bit and TYPE (Px_INTTYPE[n]). There are five types of in-
terrupt conditions can be selected: low level trigger, high level trigger, falling edge trigger, rising
edge trigger and both rising and falling edge trigger. For edge trigger condition, user can enable
input signal de-bounce function to prevent unexpected interrupt happened which caused by noise.
The de-bounce clock source and sampling cycle period can be set by DBCLKSRC
(GPIO_DBCTL[4]) and DBCLKSEL (GPIO_DBCTL[3:0]) register.

The GPIO can also be the chip wake-up source when chip enters Idle/Power-down mode. The setting
of wake-up trigger condition is the same as GPIO interrupt trigger.

4.6.7 GPIO Register Map

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

Register ‘ Offset ‘ R/W ‘ Description Reset Value
GPIO Base Address:
GP_BA =0x4002_0000

PO_MODE GP_BA+0x000 R/W | PO I/O Mode Control 0x0000_0000
PO_DINOFF GP_BA+0x004 R/W | PO Digital Input Path Disable Control 0x00FF_0000
PO_DOUT GP_BA+0x008 R/W | PO Data Output Value 0x0000_OOFF
PO_DATMSK GP_BA-+0x00C R/W | PO Data Output Write Mask 0x0000_0000
PO_PIN GP_BA+0x010 R PO Pin Value 0x0000 00XX
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P0_DBEN GP_BA+0x014 R/W | PO De-bounce Enable Control 0x0000 0000
PO_INTTYPE GP_BA+0x018 R/W | PO Interrupt Mode Control 0x0000_0000
PO_INTEN GP_BA+0x01C R/W | PO Interrupt Enable Control 0x0000_0000
PO_INTSRC GP_BA+0x020 R/W | PO Interrupt Source Flag 0x0000_0000
P1_MODE GP_BA+0x040 R/W | P1 I/O Mode Control 0x0000 0000
P1_DINOFF GP_BA+0x044 R/W | P1 Digital Input Path Disable Control 0x00FF 0000
P1_DOUT GP_BA-+0x048 R/W | P1 Data Output Value 0x0000_OOFF
P1_DATMSK GP_BA-+0x04C R/W | P1 Data Output Write Mask 0x0000_0000
P1_PIN GP_BA-+0x050 R P1 Pin Value 0x0000_00XX
P1 DBEN GP_BA+0x054 R/W | P1 De-bounce Enable Control 0x0000_0000
P1_INTTYPE GP_BA+0x058 R/W | P1 Interrupt Mode Control 0x0000_0000
P1_INTEN GP_BA+0x05C R/W | PI Interrupt Enable Control 0x0000_0000
P1_INTSRC GP_BA+0x060 R/W | P1 Interrupt Source Flag 0x0000_0000
P2 MODE GP_BA+0x080 R/W | P2 I/O Mode Control 0x0000_0000
P2_DINOFF GP_BA+0x084 R/W | P2 Digital Input Path Disable Control 0x00FF_0000
P2 DOUT GP_BA-+0x088 R/W | P2 Data Output Value 0x0000_O00FF
P2 _DATMSK GP_BA+0x08C R/W | P2 Data Output Write Mask 0x0000 0000
P2 _PIN GP_BA-+0x090 R P2 Pin Value 0x0000_00XX
P2 DBEN GP_BA-+0x094 R/W | P2 De-bounce Enable Control 0x0000_0000
P2 INTTYPE GP_BA-+0x098 R/W | P2 Interrupt Mode Control 0x0000_0000
P2_INTEN GP_BA+0x09C R/W | P2 Interrupt Enable Control 0x0000_0000
P2_INTSRC GP_BA+0x0A0 R/W | P2 Interrupt Source Flag 0x0000_0000
P3_MODE GP_BA+0x0C0 R/W | P3 I/O Mode Control 0x0000_0000
P3_DINOFF GP_BA-+0x0C4 R/W | P3 Digital Input Path Disable Control 0x00FF_0000
P3_DOUT GP_BA+0x0C8 R/W | P3 Data Output Value 0x0000_O00FF
P3_DATMSK GP_BA+0x0CC R/W | P3 Data Output Write Mask 0x0000_0000
P3_PIN GP_BA+0x0D0 R P3 Pin Value 0x0000 00XX
P3_DBEN GP_BA+0x0D4 R/W | P3 De-bounce Enable Control 0x0000_0000
P3_INTTYPE GP_BA+0x0D8 R/W | P3 Interrupt Mode Control 0x0000_0000
P3_INTEN GP_BA+0x0DC R/W | P3 Interrupt Enable Control 0x0000_0000
P3_INTSRC GP_BA+0x0EOQ R/W | P3 Interrupt Source Flag 0x0000_0000
P4 MODE GP_BA+0x100 R/W | P4 I/O Mode Control 0x0000_0000
P4_DINOFF GP_BA+0x104 R/W | P4 Digital Input Path Disable Control 0x003F_00C0
P4 DOUT GP_BA+0x108 R/W | P4 Data Output Value 0x0000_OOFF
P4_DATMSK GP_BA+0x10C R/W | P4 Data Output Write Mask 0x0000_0000
P4_PIN GP_BA+0x110 R P4 Pin Value 0x0000_00XX
P4 DBEN GP_BA+0x114 R/W | P4 De-bounce Enable Control 0x0000_0000
P4 INTTYPE GP_BA+0x118 R/W | P4 Interrupt Mode Control 0x0000_0000
P4 _INTEN GP_BA+0x11C R/W | P4 Interrupt Enable Control 0x0000_0000
P4 _INTSRC GP_BA+0x120 R/W | P4 Interrupt Source Flag 0x0000_0000
P5_MODE GP_BA+0x140 R/W | P5 I/O Mode Control 0x0000_0000
P5_DINOFF GP_BA+0x144 R/W | P5 Digital Input Path Disable Control 0x00FF_0000
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P5_DOUT GP_BA+0x148 R/W | P5 Data Output Value 0x0000 OOFF
P5_DATMSK GP_BA+0x14C R/W | P5 Data Output Write Mask 0x0000_0000
P5_PIN GP_BA+0x150 R PS5 Pin Value 0x0000 00XX
P5_DBEN GP_BA+0x154 R/W | P5 De-bounce Enable Control 0x0000 0000
P5_INTTYPE GP_BA+0x158 R/W | P5 Interrupt Mode Control 0x0000_0000
P5_INTEN GP_BA+0x15C R/W | PS5 Interrupt Enable Control 0x0000_0000
P5_INTSRC GP_BA+0x160 R/W | P5 Interrupt Source Flag 0x0000_0000
GPIO_DBCTL GP_BA+0x180 R/W | De-bounce Cycle Control 0x0000_0000
P00_PDIO GP_BA+0x200 R/W | GPIO P0.0 Pin Data Input/Output 0x0000_0001
PO1_PDIO GP_BA+0x204 R/W | GPIO PO0.1 Pin Data Input/Output 0x0000_0001
P02_PDIO GP_BA+0x208 R/W | Reserved 0x0000 0001
P03_PDIO GP_BA+0x20C R/W | Reserved 0x0000_0001
P04_PDIO GP_BA+0x210 R/W | GPIO P0.4 Pin Data Input/Output 0x0000 0001
P05_PDIO GP_BA+0x214 R/W | Reserved 0x0000_0001
P06_PDIO GP_BA+0x218 R/W | Reserved 0x0000 0001
P07 _PDIO GP_BA+0x21C R/W | Reserved 0x0000 0001
P10_PDIO GP_BA+0x220 R/W | GPIO P1.0 Pin Data Input/Output 0x0000 0001
P11_PDIO GP_BA+0x224 R/W | GPIO P1.1 Pin Data Input/Output 0x0000 0001
P12_PDIO GP_BA+0x228 R/W | GPIO P1.2 Pin Data Input/Output 0x0000_0001
P13_PDIO GP_BA+0x22C R/W | GPIO P1.3 Pin Data Input/Output 0x0000_0001
P14 _PDIO GP_BA+0x230 R/W | GPIO P1.4 Pin Data Input/Output 0x0000_0001
P15_PDIO GP_BA+0x234 R/W | GPIO P1.5 Pin Data Input/Output 0x0000_0001
P16_PDIO GP_BA+0x238 R/W | Reserved 0x0000_0001
P17 _PDIO GP_BA+0x23C R/W | Reserved 0x0000_0001
P20_PDIO GP_BA+0x240 R/W | Reserved 0x0000_0001
P21_PDIO GP_BA+0x244 R/W | GPIO P2.1 Pin Data Input/Output 0x0000 0001
P22_PDIO GP_BA+0x248 R/W | GPIO P2.2 Pin Data Input/Output 0x0000_0001
P23 _PDIO GP_BA+0x24C R/W | GPIO P2.3 Pin Data Input/Output 0x0000_0001
P24 _PDIO GP_BA+0x250 R/W | GPIO P2.4 Pin Data Input/Output 0x0000 0001
P25_PDIO GP_BA+0x254 R/W | GPIO P2.5 Pin Data Input/Output 0x0000_0001
P26_PDIO GP_BA+0x258 R/W | GPIO P2.6 Pin Data Input/Output 0x0000_0001
P27 _PDIO GP_BA+0x24C R/W | Reserved 0x0000_0001
P30_PDIO GP_BA+0x260 R/W | Reserved 0x0000_0001
P31 _PDIO GP_BA+0x264 R/W | GPIO P3.1 Pin Data Input/Output 0x0000_0001
P32_PDIO GP_BA+0x268 R/W | GPIO P3.2 Pin Data Input/Output 0x0000_0001
P33_PDIO GP_BA+0x26C R/W | Reserved 0x0000_0001
P34 PDIO GP_BA+0x270 R/W | GPIO P3.4 Pin Data Input/Output 0x0000_0001
P35_PDIO GP_BA+0x274 R/W | GPIO P3.5 Pin Data Input/Output 0x0000_0001
P36_PDIO GP_BA-+0x278 R/W | GPIO P3.6 Pin Data Input/Output 0x0000_0001
P37 PDIO GP_BA+0x27C R/W | Reserved 0x0000 0001
P40 _PDIO GP_BA+0x280 R/W | Reserved 0x0000_0001
P41_PDIO GP_BA+0x284 R/W | Reserved 0x0000_0001
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P42 PDIO GP_BA+0x288 R/W | Reserved 0x0000 0001
P43 _PDIO GP_BA+0x28C R/W | Reserved 0x0000 0001
P44 PDIO GP_BA+0x290 R/W | Reserved 0x0000 0001
P45 _PDIO GP_BA+0x294 R/W | Reserved 0x0000 0001
P46_PDIO GP_BA+0x298 R/W | GPIO P4.6 Pin Data Input/Output 0x0000_0001
P47 PDIO GP_BA+0x29C R/W | GPIO P4.7 Pin Data Input/Output 0x0000_0001
P50_PDIO GP_BA+0x2A0 R/W | GPIO P5.0 Pin Data Input/Output 0x0000_0001
P51 _PDIO GP_BA+0x2A4 R/W | GPIO P5.1 Pin Data Input/Output 0x0000_0001
P52 _PDIO GP_BA+0x2A8 R/W | Reserved 0x0000_0001
P53 _PDIO GP_BA+0x2AC R/W | GPIO P5.3 Pin Data Input/Output 0x0000_0001
P54 PDIO GP_BA+0x2B0 R/W | GPIO P5.4 Pin Data Input/Output 0x0000 0001
P55_PDIO GP_BA+0x2B4 R/W | GPIO P5.5 Pin Data Input/Output 0x0000_0001
P56_PDIO GP_BA+0x2B8 R/W | GPIO P5.6 Pin Data Input/Output 0x0000 0001
P57 _PDIO GP_BA+0x2BC R/W | GPIO P5.7 Pin Data Input/Output 0x0000 0001

4.6.8 GPIO Register Description
4.6.8.1 Port 0-5 I/0 Mode Control (Px_ MODE)

00 = Px.n is in Input mode.

01 = Px.n is in Push-pull Output mode.
10 = Px.n is in Open-drain Output mode.
11 = Px.n is in Quasi-bidirectional mode.
Notel:

Register Offset R/W | Description Reset Value
PO_MODE GP_BA+0x000 R/W | PO I/O Mode Control 0x0000_0000
P1_MODE GP_BA+0x040 R/W | P1 /O Mode Control 0x0000_0000
P2 MODE GP_BA+0x080 R/W | P2 I/O Mode Control 0x0000_0000
P3_MODE GP_BA-+0x0CO0 R/W | P3 I/O Mode Control 0x0000_0000
P4 MODE GP_BA+0x100 R/W | P4 1/O Mode Control 0x0000_0000
P5_MODE GP_BA+0x140 R/W | P5 /O Mode Control 0x0000_0000
Bits Descriptions

[31:16] Reserved Reserved.

[2n+1:2n] MODEn Port 0-5 1/0 Pin[N] Mode Control

n=0,1..7 Determine each I/0 mode of Px.n pins.

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.
Max. n=7 for port 4, n=0,5 are reserved.
Max. n=7 for port 5
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4.6.8.2 Port 0-5 Digital Input Path Disable Control (Px_DINOFF)

Register Offset R/W | Description Reset Value
PO _DINOFF GP_BA+0x004 R/W | PO Digital Input Path Disable Control 0x00FF 0000
P1 _DINOFF GP_BA+0x044 R/W | P1 Digital Input Path Disable Control 0x00FF_0000
P2 _DINOFF GP_BA+0x084 R/W | P2 Digital Input Path Disable Control 0x00FF_0000
P3_DINOFF GP_BA-+0x0C4 R/W | P3 Digital Input Path Disable Control 0x00FF_0000
P4 DINOFF GP_BA+0x104 R/W | P4 Digital Input Path Disable Control 0x003F_00C0
P5_DINOFF GP_BA+0x144 R/W | P5 Digital Input Path Disable Control 0x00FF_0000
Bits Descriptions
[31:24] Reserved Reserved.
[n+16] DINOFF[n] Port 0-5 Pin[N] Digital Input Path Disable Control
n=0,1..7 Each of these bits is used to control if the digital input path of corresponding Px.n pin
is disabled.
If input is analog signal, users can disable Px.n digital input path to avoid input current
leakage.
0 = Px.n digital input path enabled.
1 = Px.n digital input path disabled (digital input tied to low).
Notel:
Max. n=7 for port 0.
Max. n=7 for port 1.
Max. n=7 for port 2.
Max. n=7 for port 3, n=3, n=7 are reserved.
Max. n=7 for port 4, n=0,5 are reserved.
Max. n=7 for port 5
[15:8] Reserved Reserved.
[n] PUEN([n] Port 0-5 Pin[N] Digital Pull Up Path Enable Control
n=0,1..7 Each of these bits is used to control if the digital pull up path of corresponding Px.n
pin is enabled.
0 = Px.n digital pull up path disabled.
1 = Px.n digital pull up path enabled.

4.6.8.3 Port 0-5 Data Output Value (Px_DOUT)

Register Offset R/W | Description Reset Value

PO DOUT GP_BA+0x008 R/W | PO Data Output Value 0x0000 OOFF
P1 DOUT GP_BA+0x048 R/W | P1 Data Output Value 0x0000 OOFF
P2 DOUT GP_BA+0x088 R/W | P2 Data Output Value 0x0000 OOFF
P3 DOUT GP_BA+0x0C8 R/W | P3 Data Output Value 0x0000_O0OFF
P4 DOUT GP_BA+0x108 R/W | P4 Data Output Value 0x0000 OOFF
P5_DOUT GP_BA+0x148 R/W | P5 Data Output Value 0x0000_O0OFF
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Bits Descriptions
[31:8] Reserved Reserved.
[n] DOUT|[n] Port 0-5 Pin[N] Output Value
n=0,1..7 Each of these bits controls the status of a Px.n pin when the Px.n is configured as Push-

pull output, Open-drain output or Quasi-bidirectional mode.

0 = Px.n will drive Low if the Px.n pin is configured as Push-pull output, Open-drain
output or Quasi-bidirectional mode.

1 = Px.n will drive High if the Px.n pin is configured as Push-pull output or Quasi-
bidirectional mode.

Notel:

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.

Max. n=7 for port 4, n=0,5 are reserved.

Max. n=7 for port 5

4.6.8.4 Port 0-5 Data Output Write Mask (Px DATMSK)

Register Offset R/W | Description Reset Value
PO DATMSK GP_BA+0x00C R/W | PO Data Output Write Mask 0x0000_0000
P1_DATMSK GP_BA+0x04C R/W | P1 Data Output Write Mask 0x0000_0000
P2 DATMSK GP_BA+0x08C R/W | P2 Data Output Write Mask 0x0000_0000
P3_DATMSK GP_BA+0x0CC R/W | P3 Data Output Write Mask 0x0000_0000
P4 DATMSK GP_BA+0x10C R/W | P4 Data Output Write Mask 0x0000_0000
P5_DATMSK GP_BA+0x14C R/W | P5 Data Output Write Mask 0x0000_0000
Bits Descriptions

[31:8] Reserved Reserved.

[n] DATMSK][n] Port 0-5 Pin[N] Data Output Write Mask

n=0,1..7 These bits are used to protect the corresponding DOUT (Px_DOUT][n]) bit.

When the DATMSK (Px DATMSK][n]) bit is set to 1, the corresponding DOUT
(Px_DOUT](n]) bit is protected.

If the write signal is masked, writing data to the protect bit is ignore.

0 = Corresponding DOUT (Px_DOUT][n]) bit can be updated.

1 = Corresponding DOUT (Px_DOUT](n]) bit protected.

Note: This function only protects the corresponding DOUT (Px_DOUT(n]) bit, and
will not protect the corresponding PDIO (Pxn_PDIO[0]) bit.

Note:

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.

Max. n=7 for port 4, n=0,5 are reserved.
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|

Max. n=7 for port 5

4.6.8.5 Port 0-5 Pin Value (Px_PIN)

Register Offset R/W | Description Reset Value
PO _PIN GP_BA+0x010 R PO Pin Value 0x0000_00XX
P1_PIN GP_BA+0x050 R P1 Pin Value 0x0000_00XX
P2 PIN GP_BA+0x090 R P2 Pin Value 0x0000_00XX
P3 PIN GP_BA+0x0D0 R P3 Pin Value 0x0000_00XX
P4 PIN GP_BA+0x110 R P4 Pin Value 0x0000_00XX
P5 PIN GP_BA+0x150 R P5 Pin Value 0x0000_00XX
Bits Descriptions

[31:8] Reserved Reserved.

[n] PIN[n] Port 0-5 Pin[N] Pin Value

n=0,1..7 Each bit of the register reflects the actual status of the respective Px.n pin.

If the bit is 1, it indicates the corresponding pin status is high; else the pin status is
low.

Notel:

Max. n=7 for port 0.

Max.
Max.
Max.
Max.
Max.

n=7 for port 1.

n=7 for port 2.

n=7 for port 3, n=3, n=7 are reserved.
n=7 for port 4, n=0,5 are reserved.

n=7 for port 5

4.6.8.6 Port 0-5 De-bounce Enable Control (Px_ DBEN)

Register Offset R/W | Description Reset Value
PO_DBEN GP_BA+0x014 R/W | PO De-bounce Enable Control 0x0000_0000
P1_DBEN GP_BA+0x054 R/W | P1 De-bounce Enable Control 0x0000_0000
P2 DBEN GP_BA+0x094 R/W | P2 De-bounce Enable Control 0x0000_0000
P3 DBEN GP_BA+0x0D4 R/W | P3 De-bounce Enable Control 0x0000_0000
P4 DBEN GP_BA+0x114 R/W | P4 De-bounce Enable Control 0x0000_0000
P5_DBEN GP_BA+0x154 R/W | P5 De-bounce Enable Control 0x0000_0000
Bits Descriptions

[31:8] Reserved Reserved.

[n] DBEN(n] Port 0-5 Pin[N] Input Signal De-bounce Enable Bit

n=0,1..7 The DBEN[n] bit is used to enable the de-bounce function for each corresponding bit.

If the input signal pulse width cannot be sampled by continuous two de-bounce sample
cycle, the input signal transition is seen as the signal bounce and will not trigger the
interrupt.

The de-bounce clock source is controlled by DBCLKSRC (GPIO_DBCTL [4]), one
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de-bounce sample cycle period is controlled by DBCLKSEL (GPIO_DBCTL [3:0]).

0 = Px.n de-bounce function disabled.

1 = Px.n de-bounce function enabled.

The de-bounce function is valid only for edge triggered interrupt.

If the interrupt mode is level triggered, the de-bounce enable bit will be ignored.
Note:

If Px.n pin is chosen as Power-down wake-up source, user should be disable the de-
bounce function before entering Power-down mode to avoid the second interrupt event
occurred after system woken up which caused by Px.n de-bounce function.

Notel:

Max. n=7 for port 0.

Max.
Max.
Max.
Max.
Max.

n=7 for port 1.

n=7 for port 2.

n=7 for port 3, n=3, n=7 are reserved.
n=7 for port 4, n=0,5 are reserved.
n=7 for port 5

4.6.8.7 Port 0-5 Interrupt Mode Control (Px INTTYPE)

Register Offset R/W | Description Reset Value
PO _INTTYPE GP_BA+0x018 R/W | PO Interrupt Mode Control 0x0000_0000
P1 INTTYPE GP_BA+0x058 R/W | P1 Interrupt Mode Control 0x0000_0000
P2 INTTYPE GP_BA+0x098 R/W | P2 Interrupt Mode Control 0x0000_0000
P3_INTTYPE GP_BA+0x0DS8 R/W | P3 Interrupt Mode Control 0x0000_0000
P4 INTTYPE GP_BA+0x118 R/W | P4 Interrupt Mode Control 0x0000_0000
PS5 _INTTYPE GP_BA+0x158 R/W | P5 Interrupt Mode Control 0x0000_0000
Bits Descriptions

[31:8] Reserved Reserved.

[n] TYPE|[n] Port 0-5 Pin[N] Edge or Level Detection Interrupt Trigger Type Control
n=0,1..7 TYPE (Px_INTTYPE[n]) bit is used to control the triggered interrupt which is by level

trigger or by edge trigger.

If the interrupt is edge-triggerred, the trigger source can be controlled by de-bounce.
If the interrupt is level-triggerred, the input source is sampled by one AHB CLK clock
and generates the interrupt.

0 = Edge trigger interrupt.

1 = Level trigger interrupt.

If the pin is set as the level trigger interrupt, only one level can be set on the registers
RHIEN (Px_INTEN[n+16])/FLIEN (Px _INTEN[n]).

If both levels to trigger interrupt are set, the setting will be ignored and no interrupt
will occur.

The de-bounce function is valid only for edge-triggered interrupt.

If the interrupt mode is level-triggered, the de-bounce enable bit will be ignore.
Notel:
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Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.
Max. n=7 for port 4, n=0,5 are reserved.

Max. n=7 for port 5

4.6.8.8 Port 0-5 Interrupt Enable Control (Px_INTEN)

Register Offset R/W | Description Reset Value
PO_INTEN GP_BA+0x01C R/W | PO Interrupt Enable Control 0x0000_0000
P1_INTEN GP_BA+0x05C R/W | P1 Interrupt Enable Control 0x0000 0000
P2 INTEN GP_BA+0x09C R/W | P2 Interrupt Enable Control 0x0000 0000
P3_INTEN GP_BA+0x0DC R/W | P3 Interrupt Enable Control 0x0000_0000
P4 INTEN GP_BA+0x11C R/W | P4 Interrupt Enable Control 0x0000_0000
PS5 INTEN GP_BA+0x15C R/W | PS5 Interrupt Enable Control 0x0000 0000
Bits Descriptions
[31:24] Reserved Reserved.
[nt16] RHIEN][n] Port 0-5 Pin[N] Rising Edge or High Level Interrupt Trigger Type Enable Bit
n=0,1..7 The RHIEN (Px_INTEN[n+16]) bit is used to enable the interrupt for each of the cor-
responding input Px.n pin. Setting bit to 1 also enables the pin wake-up function.
When setting the RHIEN (Px_INTEN[n+16]) bit to 1:
If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n
pin will generate the interrupt while this pin state is at high level.
If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n
pin will generate the interrupt while this pin state changes from low to high.
0 = Px.n level high or low to high interrupt disabled.
1 = Px.n level high or low to high interrupt enabled.
Notel:
Max. n=7 for port 0.
Max. n=7 for port 1.
Max. n=7 for port 2.
Max. n=7 for port 3, n=3, n=7 are reserved.
Max. n=7 for port 4, n=0,5 are reserved.
Max. n=7 for port 5
[15:8] Reserved Reserved.
[n] FLIEN([n] Port 0-5 Pin[N] Falling Edge or Low Level Interrupt Trigger Type Enable Bit
n=0,1..7 The FLIEN (Px_INTEN][n]) bit is used to enable the interrupt for each of the corre-
sponding input Px.n pin. Setting bit to 1 also enables the pin wake-up function.
When setting the FLIEN (Px_INTEN[n]) bit to 1:
If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n
pin will generate the interrupt while this pin state is at low level.
If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n
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pin will generate the interrupt while this pin state changed from high to low.

0 =Px.n level low or high to low interrupt disabled.
1 = Px.n level low or high to low interrupt enabled.
Notel:

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.

Max. n=7 for port 4, n=0,5 are reserved.

Max. n=7 for port 5

4.6.8.9 Port 0-5 Interrupt Source Flag (Px INTSRC)

Register Offset R/W | Description Reset Value
PO_INTSRC GP_BA+0x020 R/W | PO Interrupt Source Flag 0x0000_0000
P1 _INTSRC GP_BA+0x060 R/W | P1 Interrupt Source Flag 0x0000_0000
P2 _INTSRC GP_BA+0x0A0 R/W | P2 Interrupt Source Flag 0x0000_0000
P3 _INTSRC GP_BA+0x0EO R/W | P3 Interrupt Source Flag 0x0000_0000
P4 INTSRC GP_BA+0x120 R/W | P4 Interrupt Source Flag 0x0000_0000
P5_INTSRC GP_BA+0x160 R/W | P5 Interrupt Source Flag 0x0000_0000
Bits Descriptions

[31:8] Reserved Reserved.

[n] INTSRC[n] Port 0-5 Pin[N] Interrupt Source Flag

n=0,1..7 Write Operation:

0 =No action.

1 = Clear the corresponding pending interrupt.
Read Operation:

0 = No interrupt at Px.n.

1 = Px.n generates an interrupt.

Notel:

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.
Max. n=7 for port 4, n=0,.5 are reserved.
Max. n=7 for port 5

4.6.8.10 Interrupt De-bounce Cycle Control (GPIO_DBCTL)

Register Offset R/W | Description Reset Value
GPIO_DBCTL GP_BA+0x180 R/W | De-bounce Cycle Control 0x0000_0000
Bits Descriptions
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[31:5] Reserved Reserved.

[4] DBCLKSRC De-bounce Counter Clock Source Selection
0 = De-bounce counter clock source is AHB CLK.
1 = De-bounce counter clock source is 32 KHz internal low speed RC oscillator
(RCL).

[3:0] DBCLKSEL De-bounce Sampling Cycle Selection

0000 = Sample interrupt input once per 1 clock.

0001 = Sample interrupt input once per 2 clocks.

0010 = Sample interrupt input once per 4 clocks.

0011 = Sample interrupt input once per 8§ clocks.

0100 = Sample interrupt input once per 16 clocks.
0101 = Sample interrupt input once per 32 clocks.
0110 = Sample interrupt input once per 64 clocks.
0111 = Sample interrupt input once per 128 clocks.
1000 = Sample interrupt input once per 256 clocks.
1001 = Sample interrupt input once per 2*256 clocks.
1010 = Sample interrupt input once per 4*256 clocks.
1011 = Sample interrupt input once per 8*256 clocks.
1100 = Sample interrupt input once per 16*256 clocks.
1101 = Sample interrupt input once per 32*256 clocks.
1110 = Sample interrupt input once per 64*256 clocks.

1111 = Sample interrupt input once per 128*256 clocks.

4.6.8.11 GPIO Px.n Data Input/Output (Pxn_PDIO)

Register Offset R/W | Description Reset Value

P00 _PDIO GP_BA-+0x200 R/W | GPIO P0.0 Pin Data Input/Output 0x0000_0001
P01 _PDIO GP_BA+0x204 R/W | GPIO P0.1 Pin Data Input/Output 0x0000_0001
P02 _PDIO GP_BA+0x208 R/W | Reserved 0x0000_0001
P03 _PDIO GP_BA-+0x20C R/W | Reserved 0x0000_0001
P04 PDIO GP_BA+0x210 R/W | GPIO P0.4 Pin Data Input/Output 0x0000_0001
P05 _PDIO GP_BA+0x214 R/W | Reserved 0x0000 0001
P06_PDIO GP_BA+0x218 R/W | Reserved 0x0000 0001
P07 _PDIO GP _BA+0x21C R/W | Reserved 0x0000 0001
P10_PDIO GP_BA+0x220 R/W | GPIO P1.0 Pin Data Input/Output 0x0000_0001
P11 _PDIO GP_BA+0x224 R/W | GPIO P1.1 Pin Data Input/Output 0x0000_0001
P12 PDIO GP_BA+0x228 R/W | GPIO P1.2 Pin Data Input/Output 0x0000_0001
P13 _PDIO GP_BA+0x22C R/W | GPIO P1.3 Pin Data Input/Output 0x0000_0001
P14 PDIO GP_BA+0x230 R/W | GPIO P1.4 Pin Data Input/Output 0x0000_0001
P15 _PDIO GP_BA+0x234 R/W | GPIO P1.5 Pin Data Input/Output 0x0000_0001
P16_PDIO GP_BA-+0x238 R/W | Reserved 0x0000_0001
P17 _PDIO GP_BA+0x23C R/W | Reserved 0x0000 0001
P20_PDIO GP_BA+0x240 R/W | Reserved 0x0000_0001
P21 _PDIO GP_BA+0x244 R/W | GPIO P2.1 Pin Data Input/Output 0x0000_0001
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P22 PDIO GP_BA+0x248 R/W | GPIO P2.2 Pin Data Input/Output 0x0000_0001
P23 PDIO GP_BA+0x24C R/W | GPIO P2.3 Pin Data Input/Output 0x0000_0001
P24 PDIO GP_BA+0x250 R/W | GPIO P2.4 Pin Data Input/Output 0x0000_0001
P25 PDIO GP_BA+0x254 R/W | GPIO P2.5 Pin Data Input/Output 0x0000_0001
P26_PDIO GP_BA+0x258 R/W | GPIO P2.6 Pin Data Input/Output 0x0000_0001
P27 PDIO GP_BA+0x24C R/W | Reserved 0x0000 0001
P30 _PDIO GP_BA+0x260 R/W | Reserved 0x0000_0001
P31 PDIO GP_BA+0x264 R/W | GPIO P3.1 Pin Data Input/Output 0x0000_0001
P32 PDIO GP_BA+0x268 R/W | GPIO P3.2 Pin Data Input/Output 0x0000_0001
P33 PDIO GP_BA+0x26C R/W | Reserved 0x0000_0001
P34 PDIO GP_BA+0x270 R/W | GPIO P3.4 Pin Data Input/Output 0x0000 0001
P35 PDIO GP_BA+0x274 R/W | GPIO P3.5 Pin Data Input/Output 0x0000_0001
P36 _PDIO GP_BA+0x278 R/W | GPIO P3.6 Pin Data Input/Output 0x0000 0001
P37 PDIO GP_BA+0x27C R/W | Reserved 0x0000_0001
P40 PDIO GP_BA+0x280 R/W | Reserved 0x0000 0001
P41 PDIO GP_BA+0x284 R/W | Reserved 0x0000 0001
P42 PDIO GP_BA+0x288 R/W | Reserved 0x0000 0001
P43 PDIO GP_BA+0x28C R/W | Reserved 0x0000 0001
P44 PDIO GP_BA+0x290 R/W | Reserved 0x0000_0001
P45 PDIO GP_BA+0x294 R/W | Reserved 0x0000_0001
P46_PDIO GP_BA+0x298 R/W | GPIO P4.6 Pin Data Input/Output 0x0000_0001
P47 _PDIO GP_BA+0x29C R/W | GPIO P4.7 Pin Data Input/Output 0x0000_0001
P50 _PDIO GP_BA+0x2A0 R/W | GPIO P5.0 Pin Data Input/Output 0x0000_0001
P51 PDIO GP_BA+0x2A4 R/W | GPIO P5.1 Pin Data Input/Output 0x0000_0001
P52 PDIO GP_BA+0x2A8 R/W | Reserved 0x0000_0001
P53 _PDIO GP_BA+0x2AC R/W | GPIO P5.3 Pin Data Input/Output 0x0000_0001
P54 PDIO GP_BA+0x2B0 R/W | GPIO P5.4 Pin Data Input/Output 0x0000_0001
P55 _PDIO GP_BA+0x2B4 R/W | GPIO P5.5 Pin Data Input/Output 0x0000_0001
P56 _PDIO GP_BA+0x2B8 R/W | GPIO P5.6 Pin Data Input/Output 0x0000 0001
P57 PDIO GP_BA+0x2BC R/W | GPIO P5.7 Pin Data Input/Output 0x0000_0001
Bits Descriptions
[31:1] Reserved Reserved.

[0] PDIO GPIO Px.N Pin Data Input/Output

Writing this bit can control one GPIO pin output value.

0 = Corresponding GPIO pin set to low.

1 = Corresponding GPIO pin set to high.

Read this register to get GPIO pin status.

For example, writing P00 PDIO will reflect the written value to bit DOUT
(PO_DOUT](0]), reading PO0_PDIO will return the value of PIN (PO_PIN[0]).

Notel: The writing operation will not be affected by register DATMSK
(Px_DATMSK[n]).
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Notel:

Max. n=7 for port 0.

Max. n=7 for port 1.

Max. n=7 for port 2.

Max. n=7 for port 3, n=3, n=7 are reserved.

Max. n=7 for port 4, n=0,.5 are reserved.

Max. n=7 for port 5
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4.7 Timer Controller (TMR)

4.7.1 Overview

The Timer Controller includes three 32-bit timers, TMRO, TMR1 and TMR2, allowing user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, delay timing, clock generation, event counting by external input pins, and interval
measurement by external capture pins.

4.7.2 Features

Three sets of 32-bit timer with 24-bit up counter and one 8-bit prescale counter
Independent clock source for each timer

Provides one-shot, periodic, toggle-output and continuous counting operation modes
24-bit up counter value is readable through CNT (TIMRTx_CNT[23:0])

Supports event counting function

24-bit capture value is readable through CAPDAT (TIMERx_CAP[23:0])

Supports external capture pin event for interval measurement

Supports external capture pin event to reset 24-bit up counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is generated

4.7.3 Block Diagram

The timer controller block diagram and clock control are shown in Figure 4-30 and Figure 4-31.

v
CNTEN (TIMERx_CTL[30]) TIF
(TIMERx_INSTS [0])
~| 8bit o 24bit
TMO-TM2 Prescale up counter —p TMO_CNT OUT-TM2_(NT OUT

(TM_EXTO-TM_EXT2)

WKEN
24-bit cupDAT  (TIMERx CTL[23])

. Timer
RSTONT (TIMERx_CTL[261) - - (Ilmx—mp[zs‘op . > KR Wakeup
eset Counter (TIMERx_INSTS[11)

CAPFUNCS

(TIMERx_CTL[24]) (TIMERx EXTCTLI4])

CAPEN

(TIMERx_EXTCTL[3]) cApIP

(TIMERx
_EINTST

s[ol) X
st 3/
24-bit CAPDAT
(TIMERx_CAP[23:0])
CAPEDGE :i >
(TIMERx_EXTCTL[2:1]) CAPIEN

(TIMERx_EXTCTL[5])

24-bit CNT

(TIMERx_EXTCTL[0]) (TTMERx ONT[23:00)
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(TIMERx_CTL[29])

CAPSRC
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Figure 4-30 Timer Controller Block Diagram (Three TRM)
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tmr2sel (CLK_APB SEL[19:181)
tmrlsel (CLK APB SEL[17:16])
tmrOsel (CLK APB SEL[3:2])

tmr2cken (CLK_APB2_EN[5])
tmrlcken (CLK_APB2 EN[4])
tmrOcken (CLK_APB1 EN[11])

} TMR2CLK

APB1_CLK —p

RCL  —p

o T TMR1CLK
— TMROCLK

™1 1 —>

™2 T

Figure 4-31 Clock Source of Timer Controller (Three TRM)

4.7.4 Basic Configuration

The peripheral clock source of TMRO , TMRI, and TMR2 can be enabled by
tmrOcken(CLK APBI1_EN[11]), tmricken(CLK APB2 EN[4]), tmr2cken(CLK APB2 EN[5])
respectively and selected as clock source in tmrOsel (CLK APB_SEL[3:2]) for TMRO, tmrlsel
(CLK_APB_SEL[17:16]) for TMR1, and tmr2sel (CLK_APB_SEL[19:18]) for TMR2.

4.7.5 Functional Description

4.7.5.1 Timer Flag

The timer controller supports two interrupt flags; one is TF (TIMERx INTSTS[2]) which is set
while timer counter value CNT (TIMERx_CNT[23:0]) matches the timer compared value CMPDAT
(TIMERx_CMP[23:0]), and the other is CAPF (TIMERx_EINTSTS[1]) which is set when the tran-
sition on the TMx_EXT pin associated CAPEDGE (TIMERx_EXTCTL[2:1]) setting.

4.7.5.2 Timer Interrupt Flag

The timer controller supports two interrupt flags; one is TIF (TIMERx INTSTS[0]) which is set
while timer counter value CNT (TIMERx_CNT/[23:0]) matches the timer compared value CMPDAT
(TIMERx_CMP[23:0])and INTEN (TIMERx CTL[29]) is set to 1.And the other is CAPIF (TIM-
ERx_EINTSTS[0]) which is set when the transition on the TMx_ EXT pin associated CAPEDGE
(TIMERx_ EXTCTLJ[2:1]) setting, and CAPIEN (TIMERx EXTCTL[5]) is set to 1.

4.7.5.3 Timer Counting Operation Mode

The Timer controller provides four timer counting modes: One-shot, Periodic, Toggle-output and
Continuous Counting operation modes as described below.

4.7.5.3.1. One-shot Mode

If the timer controller is configured in one-shot mode OPMODE (TIMERx_ CTL[28:27] is 2°b00)
and CNTEN (TIMERx_CTL[30]) is set, the timer counter starts up_counting. Once the CNT (TIM-
ERx CNT[23:0]) value reaches CMPDAT (TIMERx CMP[23:0]) value, the TIF (TIM-
ERx INTSTS[0]) will be set to 1, CNT value and CNTEN bit is cleared automatically by timer
controller then timer counting operation stops. In the meantime, if the INTEN (TIMERx CTL[29])
is enabled, the timer interrupt signal is generated and sent to NVIC to inform CPU.
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OPMODE
(TIMERX_CTL[28:27])=00

)

CNTEN
(TIMERx_CTL[30])=1

Y

TIF=1
CNT and CNTEN are cleared

Y

STOP and Interrupt signal is
generated and sentto NVIC to | | sTop

inform CPU

Figure 4-32 One-shot Mode

4.7.5.3.2. Periodic Mode

If the timer controller is configured at periodic mode (TIMERx CTL[28:27] is 2’b01) and CNTEN
(TIMERx_CTL[30]) is set, the timer counter starts up counting. Once the CNT (TIM-
ERx CNT[23:0]) value reaches CMPDAT (TIMERx CMP[23:0]) value, the TIF (TIM-
ERx INTSTS[0]) will be set to 1, CNT value will be cleared automatically by timer controller and
timer counter operates counting again. In the meantime, if the INTEN (TIMERx CTL[29]) bit is
enabled, the timer interrupt signal is generated and sent to NVIC to inform CPU also. In this mode,
the timer controller operates counting and compares with CMPDAT value periodically until the
CNTEN bit is cleared by user.
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OPMODE
(TIMERxX_CTL[28:27])=01
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CNTEN
(TIMERX_CTL[30])=1

Y

TIF=1
CNT and CNTEN are
cleared

Y

Interrupt signal is
generated and sent to STOP

NVIC to inform CPU

Figure 4-33 Periodic Mode

4.753.3. Toggle-output Mode

If the timer controller is configured at toggle-output mode (TIMERx CTL[28:27] is 2°b10) and
CNTEN (TIMERx CTL[30]) is set, the timer counter starts up_counting. The counting operation
of toggle-output mode is almost the same as periodic mode, except toggle-output mode has associ-
ated TMO ~ TM2 pin to output signal while specify TIF (TIMERx INTSTSJ[0]) is set. Thus, the
toggle-output signal on TMx_CNT_OUT (x=0,1,2) pin is high and changing back and forth with
50% duty cycle.

4.75.3.4. Continuous Counting Mode

If the timer controller is configured at continuous counting mode (TIMERx_CTL[28:27] is 2°b11)
and CNTEN (TIMERx_CTL[30]) is set, the timer counter starts up_counting. Once the CNT (TIM-
ERx_CNT[23:0]) value reaches the CMPDAT (TIMERx_CMP[23:0]) value, the TIF (TIM-
ERx_INTSTS[O0]) will be set to 1 and the CNT value keeps up_counting. In the meantime, if the
INTEN (TIMERx_CTL[29]) is enabled, the timer interrupt signal is generated and sent to NVIC to
inform CPU. User can change different CMPDAT value immediately without disabling timer count-
ing and restarting timer counting in this mode.

For example, CMPDAT value is set as 80, first. The TIF will set to 1 when CNT value is equal to
80, the timer counter is kept counting and CNT value will not go back to 0, it continues to count 81,
82,83,...t02%%-1,0, 1,2, 3, ...to 22%-1 again and again. Next, if user programs the CMPDAT value
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as 200 and clears TIF, the TIF will be set to 1 again when CNT value reaches 200. At last, user
programs CMPDAT as 500 and clears TIF, the TIF will set to 1 again when CNT value reaches to
500. In this mode, the timer counting is continuous.

TIF=1 and TIF=1 and TIF=1 and
Interrupt Interrupt Interrupt
Generation Generation Generation
Set Clear TIF as Clear TIF as Clear TIF as
CMPDAT=80 0 and set 0 and set 0 and set
«v CMPDAT=200 CMPDAT=500 CMPDAT=80
CNT=0 CNT=100 CNT=200 CNT=300 CNT=400 CNT=500 CNT=224-1

r +r f*r *t t t 1
~ RN.Y,

From 2%4-1 to 0

Figure 4-34 Continuous Counting Mode

4.7.5.4 Event Counting Mode

The timer controller also provides an application which can count the input event from TMXx (x=
0~2) pin and the number of event will reflect to CNT (TIMERx_CNT[23:0]) value. It is also called
as event counting function. In this function, EXTCNTEN (TIMERXx_CTL[24]) should be set and
the timer peripheral clock source should be set as APB_CLK.

User can enable or disable TMx pin de-bounce circuit by setting CNTDBEN (TIMERx_EX-
TCTL[7]). The input event frequency should be less than 1/3 AHB_CLK if TMx pin de-bounce
disabled or less than 1/8 AHB_CLK if TMx pin de-bounce enabled to assure the returned CNT
value is correct, and user can also select edge detection phase of TMx pin by setting CNTPHASE
(TIMERX_EXTCTL[O]) bit.

In event counting mode, the timer counting operation mode can be selected as one-shot, periodic
and continuous counting mode to counts the counter value CNT (TIMERXx_CNT[23:0]) from TMXx

pin.
4.7.5.5 Input Capture Function

The input capture or reset function is provided to capture or reset timer counter value. The capture
function with free-counting capture mode and trigger-counting capture mode are configured by
CAPSEL (TIMERx EXTCTL][8]). The free-counting capture mode, external reset counter mode,
trigger-counting capture mode are described as follows.

47551, Free-Counting Capture Mode

The event capture function is used to load CNT (TIMERx_CNT[23:0]) value to CAPDAT (TIM-
ERx_ CAP[23:0]) value while edge transition detected on TMx_EXT (x= 0~2) pin. In this mode,
CAPSEL (TIMERx_EXTCTL[8]) and CAPFUNCS (TIMERx_EXTCTL[4]) should be as 0 for se-
lect TMx_EXT transition is used to trigger event capture function.

User can enable or disable TMx_EXT pin de-bounce circuit by setting CAPDBEN (TIMERx_EX-
TCTL[6]). The transition frequency of TMx_EXT pin should be less than 1/3 AHB_CLK if
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TMx_EXT pin de-bounce disabled or less than 1/8 AHB_CLK if TMx_EXT pin de-bounce enabled
to assure the capture function can be work normally, and user can also select edge transition detec-
tion of TMx_EXT pin by setting CAPEDGE (TIMERx_EXTCTL][2:1]).

In event capture mode, user does not consider what timer counting operation mode is selected, the
capture event occurred only if edge transition on TMx_EXT pin is detected.

Users must consider the Timer will keep register TIMERX_CAP unchanged and drop the new cap-
ture value, if the CPU does not clear the CAPIF (TIMERX_EINTSTS[O0]) status. The operation
method is described in Figure 4-35.

TmiERe o5 X6 X 7 X 8K 9X 10X LX 12X 18X 14X 15)
~

TMx_EXT

Clear by
software

TIMERx_CAP XX X 6 X 10 X 13

Figure 4-35 Free-Counting Capture Mode

4.755.2. External Reset Counter Mode

The timer controller also provides reset counter function to reset CNT (TIMERx CNT[23:0]) value
while edge transition detected on TMx EXT (x= 0~2). In this mode, most the settings are the same
as event capture mode except CAPFUNCS (TIMERx EXTCTL[4]) should be as 1 for select
TMx_EXT transition is used to trigger reset counter value. The operation method is also described
in Figure 4-36.

Clear by
software

Figure 4-36 External Reset Counter Mode
4.755.3. Trigger-Counting Capture Mode

If CAPSEL (TIMERx_EXTCTL][8]) is set to 1, CAPEN (TIMERx EXTCTL][3]) is set to 1 and
CAPFUNCS (TIMERx_EXTCTL[4]) is set to 0, the CNT will be reset to 0 then captured into
CAPDAT register when TMx_EXT (x= 0~2) pin trigger condition occurred. The TMx_EXT trigger
edge can be chosen by CAPEDGE (TIMERx EXTCTL[2:1]). The detailed operation method is
described in

Table 4-8.
When TMx_EXT trigger occurred, CAPIF (TIMERx EINTSTSJ[0]) is set to 1, and the interrupt
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signal is generated, then sent to NVIC to inform CPU if CAPIEN (TIMERx EXTCTL[5])is 1. And,

If TMx_EXT de-bounce is disabled, the TMx EXT source operating frequency should be less than
1/3 AHB_CLK frequency. If TMx_EXT de-bounce is enabled, the TMx_ EXT source operating fre-
quency should be less than 1/8 AHB CLK frequency. It also provides TMx_ EXT enabled or disa-
bled capture de-bounce function by CAPDBEN (TIMERx EXTCTL[6]).

Table 4-8 Input Capture Mode Operation

Function

CAPSEL
(TIMERx_EX-
TCTL(S])

CAPFUNCS
(TIMERx_EX-
TCTL[4])

CAPEDGE
(TIMERx_EX-
TCTL[2:1])

Operation Description

Free- 0 0 00
counting
Capture 0 0 01
Mode

A transition(1 to 0) on TMx_ EXT (x= 0~2) pin
is detected. CNT is captured to CAPDAT.

A transition(0 to 1) on TMx_EXT (x= 0~2) pin
is detected. CNT is captured to CAPDAT.
Either 1 to 0 or O to 1 transition on TMx EXT
(x= 0~2) pin is detected. CNT is captured to
CAPDAT.

Reserved

0 0 10

External | 0 | 00
Reset
Counter 0 1 01
Mode

A transition(1 to 0) on TMx_EXT (x= 0~2) pin
is detected. CNT is reset to 0.

A transition(0 to 1) on TMx_EXT (x= 0~2) pin
is detected. CNT is reset to 0.

Either 1 to 0 or 0 to 1 transition on TMx_EXT
(x=0~2) pin is detected. CNT is reset to 0.

Reserved

Trigger- | 1 0 00

Coun-

Falling Edge Trigger:

The 1st 1 to 0 transition on TMx_EXT (x=0~2)
tingCap- pin is detected to reset CNT as 0 and then starts
ture

Mode

counting, while the 2nd 1 to 0 transition stops

counting.

Rising Edge Trigger:

The first transition(0 to 1) on TMx_EXT (x=
0~2) pin is detected to reset CNT as 0 and then
starts counting, while the second transition(0 to

1) stops counting.

Level Change Trigger:
A transition(1 to 0) on TMx_EXT (x= 0~2) pin
is detected to reset CNT as 0 and then starts

counting, while 0 to 1 transition stops counting.

Level Change Trigger:
A transition(0 to 1) on TMx_EXT (x= 0~2) pin
is detected to reset CNT as 0 and then starts

counting, while 1 to 0 transition stops counting.
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4.7.6 TMR Register Map

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

Register

‘ Offset

| R/W ‘ Description

Reset Value

TRM Base Address:

TMRO_BA = 0x4000_8000
TMR1_BA = 0x4001_4000
TMR2_BA = 0x4001_5000

TIMERO_CTL TMRO_ BA-+0x00 R/W | Timer(O Control and Status Register 0x0000_0005
TIMERO_CMP TMRO BA-+0x04 R/W | Timer0 Compare Register 0x0000 0000
TIMEROQO_INTSTS TMRO_ BA+0x08 R/W | Timer0 Interrupt Status Register 0x0000 0000
TIMERO_CNT TMRO BA+0x0C | R Timer0 Data Register 0x0000_0000
TIMERO_CAP TMRO BA+0x10 R Timer0 Capture Data Register 0x0000_0000
TIMERO EXTCTL | TMRO BA+0x14 R/W | Timer0 External Control Register 0x0000 0000
TIMERO_EINTSTS | TMRO BA+0x18 R/W | Timer0O External Interrupt Status Register 0x0000_0000
TIMER1 CTL TMR1 BA-+0x00 R/W | Timerl Control and Status Register 0x0000_0005
TIMERI_CMP TMR1 BA+0x04 R/W | Timerl Compare Register 0x0000_0000
TIMERI1 _INTSTS TMR1 BA+0x08 R/W | Timerl Interrupt Status Register 0x0000_0000
TIMER1_CNT TMR1 BA+0x0C R Timer1 Data Register 0x0000_0000
TIMER1_CAP TMR1 _BA+0x10 R Timerl Capture Data Register 0x0000_0000
TIMERI_EXTCTL | TMR1 BA+0x14 R/W | Timerl External Control Register 0x0000_0000
TIMERI_EINTSTS | TMR1 BA+0x18 R/W | Timerl External Interrupt Status Register 0x0000 0000
TIMER2 CTL TMR2 BA+0x00 R/W | Timer2 Control and Status Register 0x0000_0005
TIMER2 _CMP TMR2 BA-+0x04 R/W | Timer2 Compare Register 0x0000_0000
TIMER2_INTSTS TMR2 BA+0x08 R/W | Timer2 Interrupt Status Register 0x0000_0000
TIMER2 CNT TMR2 BA+0x0C | R Timer2 Data Register 0x0000_0000
TIMER2_CAP TMR2 BA+0x10 R Timer2 Capture Data Register 0x0000_0000
TIMER2 EXTCTL | TMR2 BA+0x14 R/W | Timer2 External Control Register 0x0000_0000
TIMER2 _EINTSTS | TMR2 BA+0x18 R/W | Timer2 External Interrupt Status Register 0x0000_0000

4.7.7 TMR Register Description
4.7.7.1 Timer Control Register (TIMERx_CTL)

Register Offset R/W | Description Reset Value
TIMERO CTL TMRO_ BA+0x00 R/W | Timer0 Control and Status Register 0x0000_0005
TIMER1 CTL TMR1 BA+0x00 R/W | Timerl Control and Status Register 0x0000_0005
TIMER2 CTL TMR2 BA+0x00 R/W | Timer2 Control and Status Register 0x0000_0005
Bits Descriptions

[31] ICEDEBUG ICE Debug Mode Acknowledge Disable Bit (Write Protect)

0 = ICE debug mode acknowledgement effects TIMER counting.
TIMER counter will be held while CPU is held by ICE.
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1 = ICE debug mode acknowledgement disabled.
TIMER counter will keep going no matter CPU is held by ICE or not.
Note: This bit is write protected. Refer to the SYS REGLCTL register.

[30]

CNTEN

Timer Counting Enable Bit

0 = Stops/Suspends counting.

1 = Starts counting.

Notel: In stop status, and then setting CNTEN to 1 will enable the 24-bit up counter
to keep counting from the last stop counting value.

Note2: This bit is auto-cleared by hardware in one-shot mode (TIMERx CTL[28:27]
= 2'b00) when the timer interrupt flag TIF (TIMERx INTSTS[0]) is generated.

[29]

INTEN

Timer Interrupt Enable Bit

0 = Timer interrupt disabled.

1 = Timer interrupt enabled.

Note: If this bit is enabled, when the timer interrupt flag TIF is set to 1, the timer

interrupt signal will be generated and inform CPU.

[28:27]

OPMODE

Timer Counting Mode Selection

00 = The timer controller is operated in one-shot mode.

01 = The timer controller is operated in periodic mode.

10 = The timer controller is operated in toggle-output mode.

11 = The timer controller is operated in continuous counting mode.

[26]

RSTCNT

Timer Counter Reset

Setting this bit will reset the 24-bit up counter value CNT (TIMERx CNT[23:0]) and
also force CNTEN (TIMERx CTL[30]) to 0 if ACTSTS (TIMERx_CTL[25]) is 1.

0 =No effect.

1 = Reset internal 8-bit prescale counter, 24-bit up counter value and CNTEN bit.

ACTSTS

Timer Active Status (Read Only)
This bit indicates the 24-bit up counter status.
0 = 24-bit up counter is not active.

1 = 24-bit up counter is active.

[24]

EXTCNTEN

Event Counter Mode Enable Bit

This bit is for external counting pin function enabled.

0 = Event counter mode disabled.

1 = Event counter mode enabled.

Note: When timer is used as an event counter, this bit should be set to 1 and select
AHB_CLK as timer clock source

(23]

WKEN

Wake-up Function Enable Bit

If this bit is set to 1, while the timer interrupt flag TIF (TIMERx_INTSTS[0]) is 1 and
INTEN (TIMERx CTL[29]) is enabled, the timer interrupt signal will generate a
wake-up trigger event to CPU.

0 = Wake-up function disabled if timer interrupt signal generated.

1 = Wake-up function enabled if timer interrupt signal generated.

[22:20]

Reserved

Reserved.

[19]

CAPSRC

Capture Pin Source Select Bit
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0 = Capture function source is from TMx_EXT (x= 0~2) pin.
1 = Capture function source is from internal RCL.
[18:8] Reserved Reserved.
[7:0] PSC Prescale Counter

Timer input clock or event source is divided by (PSC+1) before it is fed to the timer
up counter.
If this field is 0 (PSC = 0), then there is no scaling.

4.7.7.2 Timer Compare Register (TIMERx_CMP)

Register Offset R/W | Description Reset Value

TIMERO CMP TMRO BA+0x04 R/W | Timer0 Compare Register 0x0000 0000

TIMER1 _CMP TMR1 BA+0x04 R/W | Timerl Compare Register 0x0000 0000
TIMER2 CMP TMR2 BA+0x04 R/W | Timer2 Compare Register 0x0000_0000
Bits Descriptions

[31:24] Reserved Reserved.

[23:0] CMPDAT Timer Compared Value

CMPDAT is a 24-bit compared value register.

When the internal 24-bit up counter value is equal to CMPDAT value, the TIF (TIM-
ERx_INTSTS[0] Timer Interrupt Flag) will set to .

Time-out period = (Period of timer clock input) * (8-bit PSC + 1) * (24-bit CMPDAT).
Notel: Never write 0x0 or 0x1 in CMPDAT field, or the core will run into unknown
state.

Note2: When timer is operating at continuous counting mode, the 24-bit up counter
will keep counting continuously even if user writes a new value into CMPDAT field.
But if timer is operating at other modes, the 24-bit up counter will restart counting
from 0 and using newest CMPDAT value to be the timer compared value while user
writes a new value into the CMPDAT field.

4.7.7.3 Timer Interrupt Status Register (TIMERx INTSTS)

Register Offset R/W | Description Reset Value
TIMERO INTSTS | TMRO BA+0x08 | R/W | TimerO Interrupt Status Register 0x0000_0000
TIMERI1 INTSTS | TMR1 _BA+0x08 | R/W | Timerl Interrupt Status Register 0x0000_0000
TIMER2 INTSTS | TMR2 BA+0x08 | R/W | Timer2 Interrupt Status Register 0x0000_0000
Bits Descriptions

[31:3] Reserved Reserved.

[2] TF Timer Flag

This bit indicates the interrupt flag status of timer while 24-bit timer up counter CNT
(TIMERx_CNTJ[23:0]) value reaches to CMPDAT (TIMERx CMP[23:0]) value.

0 = No effect.

1 = CNT value matches the CMPDAT value.
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Note: This bit is cleared by writing 1 to it.

(1]

TWKF

Timer Wake-up Flag

This bit indicates the interrupt wake-up flag status of timer.

0 = Timer does not cause CPU wake-up.

1 = CPU wake-up from idle or power-down mode if timer time-out interrupt signal
generated.

Note: This bit is cleared by writing 1 to it.

(0]

TIF

Timer Interrupt Flag

This bit indicates the interrupt flag status of Timer while 24-bit timer up counter CNT
(TIMERx_CNTJ23:0]) value reaches to CMPDAT (TIMERx CMP[23:0]) value.

0 =No effect.

1 = CNT value matches the CMPDAT value.

Note: This bit is cleared by writing 1 to it.

4.7.7.4 Timer Data Register (TIMERx CNT)

Register Offset R/W | Description Reset Value
TIMERO_CNT TMRO BA+0x0C R Timer0 Data Register 0x0000_0000
TIMER1 _CNT TMR1 BA+0x0C R Timerl Data Register 0x0000_0000
TIMER2 CNT TMR2 BA+0x0C R Timer2 Data Register 0x0000_0000
Bits Descriptions

[31:24] Reserved Reserved.

[23:0] CNT Timer Data Register

This field can be reflected the internal 24-bit timer counter value or external event
input counter value from TMx (x=0~2) pin.

IfEXTCNTEN (TIMERx CTL[24]) is 0, user can read CNT value for getting current
24- bit counter value.

If EXTCNTEN (TIMERx CTL[24]) is 1, user can read CNT value for getting current

24- bit event input counter value.

4.7.7.5 Timer Capture Data Register (TIMERx CAP)

Register Offset R/W | Description Reset Value
TIMERO_CAP TMRO BA+0x10 R Timer0 Capture Data Register 0x0000_0000
TIMER1 CAP TMR1 BA+0x10 R Timer] Capture Data Register 0x0000_0000
TIMER2 CAP TMR2 BA+0x10 R Timer2 Capture Data Register 0x0000_0000
Bits Descriptions

[31:24] Reserved Reserved.

[23:0] CAPDAT Timer Capture Data Register

When CAPEN (TIMERx EXTCTL[3]) bit is set, CAPFUNCS (TIMERx EX-
TCTL[4]) bit is 0, and a transition on TMx_EXT pin matched the CAPEDGE (TIM-
ERx EXTCTL[2:1]) setting, CAPIF (TIMERx EINTSTS[0]) will set to 1 and the
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current timer counter value CNT (TIMERx CNT[23:0]) will be auto-loaded into this
CAPDAT field.

4.7.7.6 Timer External Control Register (TIMERx _EXTCTL)

Register

Offset

R/W | Description Reset Value

TIMERO _EXTCTL

TMRO_BA+0x14

R/W | Timer0 External Control Register 0x0000_0000

TIMER1 _EXTCTL

TMR1_BA+0x14

R/W | Timerl External Control Register 0x0000_0000

TIMER2 EXTCTL

TMR2_BA+0x14

R/W | Timer2 External Control Register 0x0000_0000

Bits

Descriptions

[31:9]

Reserved

Reserved.

(8]

CAPSEL

Capture Mode Select Bit
0 = Timer counter reset function or free-counting mode of timer capture function.

1 = Trigger-counting mode of timer capture function.

(7]

CNTDBEN

Timer Counter Pin De-bounce Enable Bit

0 =TMx (x= 0~2) pin de-bounce disabled.

1 = TMx (x= 0~2) pin de-bounce enabled.

Note: If this bit is enabled, the edge detection of TMx pin is detected with de-bounce

circuit.

(6]

CAPDBEN

Timer External Capture Pin De-bounce Enable Bit

0=TMx_EXT (x= 0~2) pin de-bounce disabled.

1 =TMx_EXT (x= 0~2) pin de-bounce enabled.

Notel: If this bit is enabled, the edge detection of TMx EXT pin is detected with

de-bounce circuit.

CAPIEN

Timer External Capture Interrupt Enable Bit

0=TMx_EXT (x= 0~2) pin detection Interrupt disabled.

1 =TMx_EXT (x= 0~2) pin detection Interrupt enabled.

Note: CAPIEN is used to enable timer external interrupt. If CAPIEN enabled, timer
will generate an interrupt when CAPIF (TIMERx EINTSTS[0]) is 1.

For example, while CAPIEN = 1, CAPEN = 1, and CAPEDGE = 00, an 1 to 0
transition on the TMx_EXT pin will cause the CAPIF to be set then the interrupt
signal is generated and sent to NVIC to inform CPU.

CAPFUNCS

Capture Function Select Bit

0 = External Capture Mode enabled.

1 = External Reset Mode enabled.

Notel: When CAPFUNCS is 0, transition on TMx_EXT (x= 0~2) pin is used to
save the 24-bit timer counter value to CAPDAT register.

Note2: When CAPFUNCS is 1, transition on TMx_EXT (x= 0~2) pin is used to

reset the 24-bit timer counter value.

CAPEN

Timer External Capture Pin Enable Bit
This bit enables the TMx_EXT pin.

0 =TMx_EXT (x= 0~2) pin Disabled.
1 =TMx_EXT (x= 0~2) pin Enabled.
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[2:1] CAPEDGE Timer External Capture Pin Edge Detection
00 = A falling edge on TMx_EXT (x= 0~2) pin will be detected.
01 = Arising edge on TMx_EXT (x= 0~2) pin will be detected.
10 = Either rising or falling edge on TMx_EXT (x= 0~2) pin will be detected.
11 = Reserved.

[0] CNTPHASE Timer External Count Phase

This bit indicates the detection phase of external counting pin TMx (x= 0~2).

0 = A falling edge of external counting pin will be counted.

1 = Arising edge of external counting pin will be counted.

4.7.7.7 Timer External Interrupt Status Register (TIMERx EINTSTS)

Register

Offset

R/W | Description Reset Value

TIMERO_EINTSTS

TMRO BA+0x18 | R/'W | Timer(O External Interrupt Status Register 0x0000_0000

TIMER1_EINTSTS

TMR1 BA+0x18 | R/'W | Timerl External Interrupt Status Register 0x0000_0000

TIMER2 EINTSTS

TMR2 BA+0x18 | R/'W | Timer2 External Interrupt Status Register 0x0000_0000

Bits

Descriptions

[31:2]

Reserved

Reserved.

(1]

CAPF

Timer External Capture Flag

This bit indicates the timer external capture interrupt flag status.

0 =TMx_EXT (x= 0~2) pin interrupt does not occur.

1 =TMx_EXT (x= 0~2) pin interrupt occurs.

Notel: This bit is cleared by writing 1 to it.

Note2: When CAPEN (TIMERx EXTCTL[3]) bit is set, CAPFUNCS (TIM-
ERx EXTCTL[4]) bit is 0, and a transition on TMx_EXT (x= 0~2) pin matches the
CAPEDGE (TIMERx_EXTCTL[2:1]) setting, this bit will be set to 1 by hardware.
Note3: There is a new incoming capture event detected before CPU clearing the
CAPIF status.

If the above condition occurred, the Timer will keep register TIMERx CAP un-

changed and drop the new capture value.

CAPIF

Timer External Capture Interrupt Flag

This bit indicates the timer external capture interrupt flag status.

0 =TMx_EXT (x= 0~2) pin interrupt does not occur.

1 =TMx_EXT (x= 0~2) pin interrupt occurs.

Notel: This bit is cleared by writing 1 to it.

Note2: When CAPEN (TIMERx EXTCTL[3]) bit is set, CAPFUNCS (TIM-
ERx EXTCTL[4]) bit is 0, and a transition on TMx_EXT (x= 0~2) pin matches the
CAPEDGE (TIMERx_EXTCTL][2:1]) setting, this bit will be set to 1 by hardware.
Note3: There is a new incoming capture event detected before CPU clearing the
CAPIF status.

If the above condition occurred, the Timer will keep register TIMERx CAP un-

changed and drop the new capture value.
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4.8 Enhanced PWM Generator (PWM)

4.8.1 Overview

The PAN2025 series have a built-in PWM unit (PWMO) which is specially designed for motor driv-
ing control applications. The PWMO supports eight PWM generators which can be configured as
eight independent PWM outputs, PWMO0 CHO~PWMO CH?7, or as four complementary PWM
pairs, (PWMO_CHO, PWMO CHI1), (PWMO CH2, PWMO0O_CH3), (PWMO0O_CH4, PWMO0_CHS)
and (PWMO CH6, PWMO CH7) with four programmable dead-time generators, or as four syn-
chronous PWM pairs, with each pin in a pair in-phase — (PWMO0_ CHO, PWMO CHI), (PWMO0 CH2,
PWMO CH3), (PWMO CH4, PWMO CHS5) and (PWMO_CH6, PWMO_CH7).

Every complementary PWM pairs share one 8-bit prescaler. There are eight 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 eight
PWM generators provide sixteen 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 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 and ADC to work together. In order to control
motor more precisely, we provide some registers that not only configure PWM but also Timer and
ADC, by doing so, it can save more CPU time and control motor with ease especially in BLDC.

4.8.2 Features

@ Eight independent 16-bit PWM duty control units with maximum eight port pins:
B Eight independent PWM outputs — PWMO0_CHO, PWMO_CH1, PWMO_CH2, PWMO_CH3,
PWMO0_CH4, PWMO0_CH5, PWMO0_CHS6, and PWMO0_CH7
B Four complementary PWM pairs, with each pin in a pair mutually complement to each other
and capable of programmable dead-time insertion — (PWMO_CHO, PWMO0_CH1),
(PWMO_CH2, PWMO0_CH3), (PWMO0_CH4, PWMO0_CH5) and (PWMO0_CH6, PWMO0_CH?7)
B Four synchronous PWM pairs, with each pin in a pair in-phase — (PWMO0_CHO,
PWMO0_CH1), (PWMO0_CH2, PWMO0O_CH3), (PWMO0_CH4, PWMO0_CH5)and (PWMO_CHS,
PWMO0_CH7)

® Group control bit — PWMO0_CH2, PWMO_CH4 and PWMO0_CHG6 are synchronized with

PWMO_CHO, PWMO_CH3, PWMO0_CH5 and PWMO_CH?7 are synchronized with PWMO0_CH1

Auto-reload mode PWM

Up to 16-bit resolution

Supports edge-aligned, center-aligned and precise center-aligned mode

Supports asymmetric PWM generating in center-aligned and precise center-aligned mode

Supports center loading in center-aligned and precise center-aligned mode

Programmable dead-time insertion between complementary paired PWMs

Each pin of PWMO0_CHO to PWMO0_CH?7 has independent polarity setting control

The PWM signals before polarity control stage are defined in the view of low logic. The PWM

ports is active high or active low are controlled by polarity control register
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® Supports mask aligned function

® Supports independently rising CMP matching, PERIOD matching, falling CMP matching (in
Center-aligned type), PERIOD matching to trigger ADC conversion

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

® Provides interrupt accumulation function

Trapezoidal Commutation System Architecture
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Figure 4-37 Application Circuit Diagram
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4.8.3 Block Diagram

P Gy ot
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Figure 4-38 PWM Block Diagram

Figure 4-39 shows the architecture of PWMO in pair (e.g. PWM Counter 0/1 are in one pair and
PWM Counter 2/3 are in another one, and so on).
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Figure 4-39 PWM Generator 0 Architecture Diagram
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DTI23(PWM_DTCTL[15:8]) Dead-Time
CLKDIV2 Generator | |
PWM_CLKDIV[10:8] PWM PERIOD2
v PWM_CMPDAT2
PWM_CTL
——1—»{ 100
POEN2
—1/2%{ ooo P! (PWMiz?EN[Z])
Output 5
—1/4-»{ oo1 » MUpX PWM_CH2
Clock Divider | 1/8»| o010
1 PINV2
—1/16%»{ o011 (PWM_CTL[10])
8-bit 12 - NTST?DTCNTB
PWMO_CH23 CLK P - II N 14 L PWM_INTEN (PWM_CTL2[25])
rescaler PWM_PERIOD3
CLKPSC23 PWM_CMPDAT3
1/8 PWM_CTL
1/16 s POEN3
—1/2-»{ ooo (PWM_TEN[B])
Output > a—
—1/4»{ 001 |— MUX > PWM_CH3
—1/8»{ o010
PINV3
—1/16%»{ o011 (PWM_CTL[14])
PWM_INTSTS
CLKDIV3 PWM_INTEN
PWM_CLKDIV[14:12
Figure 4-40 PWM Generator 2 Architecture Diagram
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Figure 4-41 PWM Generator 4 Architecture Diagram
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Figure 4-42 PWM Generator 6 Architecture Diagram

4.8.4 Basic Configuration

The PWMO pin functions are configured in SYS PO MFP, SYS P1 MFP, SYS P2 MFP and
SYS_P5_MFP registers. The PWMO clock can be enabled by CLK_APB1_EN[7:4].

4.8.5 Functional Description

4.8.5.1 PWM Counter Operation

This device supports three operation types: Edge-aligned, Center-aligned and Precise center-aligned
type.

Following equations show the formula for period and duty for each PWM counter operation type:
Edge-aligned (Down counter):

Duty ratio = (CMP + 1) / (PERIOD + 1)

Duty = (CMP + 1) * (clock period)

Period = (PERIOD + 1) * (clock period)

Center-aligned (Up and Down Counter):
Duty ratio = (PERIOD - CMP) / (PERIOD + 1)
Duty = (PERIOD - CMP) * 2 * (clock period)
Period = (PERIOD + 1) * 2 * (clock period)

Precise Center-aligned (Up and Down Counter):

Duty ratio = (PERIOD - (CMP + 1) * 2) / PERIOD
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Duty = (PERIOD - (CMP + 1) * 2) * (clock period)
Period = (PERIOD) * (clock period)
485.1.1. Edge-aligned PWM (Down-counter)

In Edge-aligned PWM Output type, the 16-bit PWM counter will start counting-down from PERI-
ODn to match with the value of the duty cycle CMPn (old); when this happens it will toggle the
PWMO CHn output to high and set up CMPDIF compare down match interrupt flag. The counter
will continue counting-down to zero; at this moment, it toggles the PWMO_ CHn output to low and
CMPn (new) and PERIODn (new) are updated with CNTMODEn=1 and set PIF period interrupt

flag.

Figure 4-43, Figure 4-44 and Figure 4-45 show the Edge-aligned PWM timing and operation flow.

If 16-bit counter underflow
1.update new duty cycle register (CMPn) if CNTMODEnN=1
2.update new period cycle register (PERIODnN) if CNTMODEN=1

PER IODn(new)

CMPnN(new
CMPn(old)+

,,,,,,,,,,,,,,,,,,,,,

I New Duty Cycle

1

PWMO_CHn ‘
output g, e —>« —>
PWN*E”Od ! " New PWM period '
New CMPn is New PERIODN
Figure 4-43 Edge-aligned Type PWM

CMPn (3FF)

D L g O B S

! | ! i |
lsoftware; | Software | Softwareé | Softwarje

ﬂlclear | 7 cleallr clear :‘ | cleari

PIFn —d 1 | ] | L
! S()ftwar:e i S()ftwar:e | S()ftwaré | S()ftwaré | Softwaré
[ 7 clear | 'j clear | clear | | clear | i[ 7 clear i
owppiFn | L )L L I I
PWMO_CHn i
output | e : -l : -l : »34——: -
PWM PERTOD | | | |

Figure 4-44 PWM Edge-aligned Waveform Timing Diagram
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SetPWM_CTL[31]=0

Set PERIODN, CMPn, PWM_CLKPSC
PWM_CLKDIV

Set PWM_POEN, CNTMODEN

Set MODE=2'000

v
v

Start:
Set CNTENN=1

Hardware will load CMPn and PERIODn to working register

Down counting from PERIODn
¢<

PWMO_CHn output:
0 if counter>CMPnN
1 if counter<CMPnN
1 if counter=CMPn

v

Counter down counting

Counter= N
CMPN?
PWMO_CHn output toggle
CMPDIF flag set
Counter continue down counting
N

Counter=0?

PWMO_CHn output toggle

PIFn flag set ‘

END N —cNTMODER=17>

Y

Hardware will load new CMPn/PER IODn value
to working register

Figure 4-45 Edge-aligned Flow Diagram
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The PWM period and duty control are decided by PWM down-counter period register (PERIODn)
and PWM comparator register (CMPn). The PWM counter timing operation is shown in Figure 4-47.
The pulse width modulation follows the formula below and the legend of PWM counter Comparator
is shown in Figure 4-46. Note that the corresponding GPIO pins must be configured as PWM func-
tion (enable PWM_POEN) for the corresponding PWM channel.

PWM frequency = APB1_CLK / ((CLKPSCnm + 1) * (clock divider)) / (PERIOD + 1); where nm,
could be 01, 23, 45 or 67 depending on the selected PWM channel

Duty ratio = (CMP + 1) / (PERIOD + 1)

PERIOD =0: PWM output is always low

When PERIOD!=0, PWM output is as follow:

CMP > PERIOD: PWM output is always high

CMP < PERIOD: PWM low width = (PERIOD - CMP) unit[1]; PWM high width = (CMP+1) unit
CMP =0: PWM is always low

Update new
Start CMPN
Initialize
PWM- PWM
counter
OMPrt comparator CMPn
n
Qurput PER1ODN—}
PERIODn ‘.
PWMO_CHn |
output € = e |
" PERIODn+1' CMPn+1
Figure 4-46 Legend of Internal Comparator Output of PWM Counter
Comparator
1 1 0
(CMPn) >< ><

0 o Y Y X XX XXX XXX

I I I
I I
PWMO Chn | ‘ | ‘ |
output ! | | 3 |
CMPn=1 | tMPn=0 |
PERIODn=3 PERIODn=1

Auto reload=1 (Software write 'AuLo reload
(CNTMODER=1) new value) (PIFn is set by hardware)
Write initial setfing Auto reload
(hardware update value)
Set CNTENn=1 (PIFn is set by H/W)

(PWMO starts running)

Figure 4-47 PWM Counter Operation Timing
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485.1.2. Center-Aligned PWM (up/down counter)

The center-aligned PWM signals are produced by the module when the PWM time base is config-
ured in an Up/Down Counting type. The PWM counter will start counting-up from 0 to match the
value of CMPn (old); this will cause the toggling of the PWMO0_CHn generator output to high and
set up CMPUIF compare up match interrupt flag. The counter will continue counting to match with
the PERIODn (old). Upon reaching this state counter is configured automatically to down counting
and set up PIF period interrupt flag, when PWM counter matches the CMPn (old) value again the
PWMO CHn generator output toggles to low and set up CMPDIF compare down match interrupt
flag. Once the PWM counter underflows it will update the PWM period register PERIODn (new)
and duty cycle register CMPn (new) with CNTMODEn = 1.

In Center-aligned type, the PWM period interrupt can also be requested at down-counter underflow
if PINTTYPE (PWM_CTL2[17]) =0, i.e. at start (end) of each PWM cycle or at up-counter match-
ing with PERIODn if PINTTYPE (PWM_CTL2[17]) =1, i.e. at center point of PWM cycle.

PWM frequency = APB1_CLK / ((CLKPSCnm + 1) * (clock divider)) / (PERIOD + 1); where nm,
could be 01, 23, 45 or 67 depending on the selected PWM channel

Duty ratio = (PERIOD - CMP) / (PERIOD + 1)
PERIOD =0: PWM output is always low

When PERIOD!=0, PWM output is as follow:
CMP > PERIOD: PWM output is always low

CMP < PERIOD: PWM low width = (CMP + 1) * 2 units; PWM high width= (PERIOD - CMP) *
2 units[1]

CMP =0: PWM is always high
Note: 1. Unit = one PWM clock cycle.

Figure 4-48, Figure 4-49, Figure 4-50 and Figure 4-51 show the Center-aligned PWM timing and
operation flow.

1 16-bit up/down counter underflow
1.update new duty cycle register (CMPn) if CNTMODEnN=1

2.update new period cycle register (PER1ODn) if CNTMODEN=1 16-bit PWM

counter

| |
| | | |
PWMO_CHn | | | |

output :4— PWM period —>:<— PWM period —>:<— New PWM period —P:

T

New CMPn is New PERIODn
written is written

Figure 4-48 Center-aligned Type PWM
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Figure 4-49 Center-aligned Type Operation Timing

PERIODN(7FF)

PWM
PERIOD

PWM

b

CMPN(3FF)
CMPUIFn
(PINTTYPE=0)
(PINTTYPE
CMPDIFn

-

PWMO_CHn
output

PERIOD

Figure 4-50 PWM Center-aligned Waveform Timing Diagram

163



)

PANCHIP 2.4GHz RF Transceiver SOC

Set PWM_CTL2[31]=1

Set PERIODn, CMPn, PWM_CLKPSC
PWM_CLKDIV

Set PWM_POEN, CNTMODEn

Set MODE=2’ b0O

Start:
Set CNTENn=1

v

Hardware will load CMPn and PERIODn to working register
Up counting start from zero

| —
PWMO_CHn output:

1 if counter>CMPn
0 if counter<CMPn

v

| Counter up counting |<—

Counter=:: NO
CMPn?

YES

|CMPUIFn interrupt flag set |

Counter continue up '
counting
Counter=:: NO
PERIODn®?,
YES
YES PIFn
interrupt
flag set
NO
|Counter down counting |<—

Counter=::: NO
CMPn?

YES

PWMO CHn output toggle |
CMPDIFn interrupt flag set

y
Counter continue down |<—
counting
Counter= :: NO
0?
YES
YES  [PIFn
interrupt
flag set
NO

Hardware will load new
CMPn/PERIODn value to working
register and set ZIFn flag

Figure 4-51 Center-aligned Flow Diagram
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4.85.1.3. Precise Center-Aligned PWM (Up/Down Counter)

The precise center-aligned PWM signals are produced by the module when the PWM time base is
configured in an Up/Down Counting type and enable PCAEN (PWM_PCACTL[0]). The PWM
counter will start counting-up from 0 to match the value of CMPn (old); this will cause the toggling
of the PWMO CHn output to high. The counter will continue counting to match with the half of the
PERIODn (old). If PERIODn is an odd number, the counter will continue counting to match the
integer of lower boundary of the half of the PERIODn (old) and keep the counter value for two
clock cycles. Upon reaching this state counter is configured automatically to down counting, when
PWM counter matches the CMPn (old) value again the PWMO_ CHn output toggles to low. Once
the PWM counter underflows it will update the PWM period register PERIODn (new) and duty
cycle register CMPn (new) with CNTMODEnN = 1.

In Precise Center-aligned type, the PWM period interrupt can also be requested at down-counter
underflow if PINTTYPE (PWM_CTL2[17]) =0, i.e. at start (end) of each PWM cycle or at up-
counter matching with PERIODn if PINTTYPE (PWM_CTL2[17]) =1, i.e. at center point of PWM
cycle.

PWM frequency = APB1_CLK / ((CLKPSCnm + 1) * (clock divider)) / (PERIOD + 1); where nm,
could be 01, 23, 45 or 67 depending on the selected PWM channel

Duty ratio = (PERIOD — (CMP+1)*2) / PERIOD
PERIOD =0: PWM output is always low

When PERIOD!=0, PWM output is as follow:
CMP > PERIOD: PWM output is always low

CMP < PERIOD: PWM low width = (CMP + 1) * 2 units; PWM high width= (PERIOD -
(CMP+1)*2) units[1]

CMP = 0: PWM is always high
Note: 1. Unit = one PWM clock cycle.

Figure 4-52, Figure 4-53, Figure 4-54 show the Precise Center-aligned PWM timing and operation
flow.
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I 16-bit up/down counter underflow
1.update new duty cycle register (CMPn) if CNTMODEN=1
2.update new period cycle register (PERIODn) if CNTMODEN=1

mmwmmfum

| |
PER IODn=9(0Ing— —————— A——————— ———— === ~—————— +
.~ _""”_C
|

PERIODN=8(new)- — — — ——*—x — — — — — —
CMPn=2(new):— [ V2L NG DS Z2 S R UDIDDIDS I

CMPn=1(0ld) = T—A" = —————
L2y 2
Y |
!
|

| |
[ [ ‘ [
PWMO_CHn ! I I

| |
output  ¢— PWM period —> PWM period e

Figure 4-52 Precise Center-aligned Type PWM

~

1<
7

rPERIODN=1 1 < PERIODRL Y ‘

i
! |
! |
! I
N } |
i
! |
|

CMPN@3) b S o 2 T ‘
| softwars | | | | | |
et e
ziPn | L i o i
1 | Softwalre | 3 | Software | !
| [ clear ! ! |—¥ clear | |
CMPUIFn | - A i L : 3
| Softwaréd | i | Software| i i i
PIFNn 7 clear | ! ! |—¥ clear | | | |
(PINTTYPE=0) 3 i | L | |
! i | Software | ! i SoftW:are |

PIFN | | I clear | | | |—y clear |

(PINTTYPE=1) | | ! | | 3 | 3
i } i | Software i | | ISoftwarei
| ! i 1 clear | ! ! [~ | clear !
PWMO_CHn| | L
output | g -t Ll
‘ PWM ‘ PWM ‘
PERIOD PERIOD

Figure 4-53 PWM Precise Center-aligned Waveform Timing Diagram
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Figure 4-54 Precise Center-aligned Flow Diagram
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4.8.5.2 PWM Center Loading Operation

In center-aligned or precise center-aligned type, PWM also supports loading new PERIODn, CMPn.
If operating in asymmetric mode, CMPDn will also supports center loading operation. When counter
counts to center of PWM period. This function is enabled by setting HCUPDT (PWM_CTL]5]).
Figure 4-55 shows an example of center loading operation, when counter counts to original center
4; it updates its value to PERIODn 6 then continues counting down.

Initialize Update Update

pwm | | Start ¢ PERIODn ¢CMPn
PWMO_CH
counter A A 2K 3XAX SN B X X AKX 2 X IX 0 tX 2N X AX 5K BX TXBX 5K ¢

PERIODn 3 6
CMPn 2 X 4
PWMO_Chn
output

Figure 4-55 PWM Center Loading Timing Diagram

4.8.5.3 PWM Double Buffering and Auto-reload Operation

The PAN2025 series PWM has double buffering function, the reload value is updated at the start of
next period without affecting current counter operation. The PWM counter value can be written into
PERIODn.

PWMO CHO will operate in Auto-reload mode if CNTMODEDQO bit is set to 1. It is recommended
that switch PWMO_CHO operating mode before setting CNTENO bit to 1 to enable PWMO0_CHO
counter to start running because the content of PERIODO0 and CMPO will be cleared to 0 to reset the
PWMO CHO period and duty setting when PWMO CHO operating mode is changed. As
PWMO_CHO operates at auto-reload mode, CMPO and PERIODO should be written first and then
set CNTENO bit to 1 to enable PWMO0_ CHO counter to start running. The PERIODO value will be
reloaded to PWMO_CHO counter when the down counting reaches 0. If the PERIODO is set to 0,
PWMO CHO counter will be held. PWMO CH1~PWMO CH7 performs the same function as

PWMO0_CHO
Write Write Write Write
PERIODN=150 PERIODNn=199 PERIODN=99 PERIODN=0
CMPn=50 start CMPn=49 CMPNn=0 CMPn=xx stop
PWM l l l
waveform 4 v
51 50 1
Write a nonzero number
to prescale and setup < > »(< >
clock divider 151 200 100

Figure 4-56 PWM Double Buffering Illustration

4.8.5.4 Modulate Duty Ratio

The double buffering function allows CMPn to be written at any point in the current cycle. The
loaded value will take effect from the next cycle
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51
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CMPn=100 CMPn=50 T Write
CMPn=0

) '<—> L

1PWM cycle 151 1 PWM cycle 151 1 PWM cycle 151

Figure 4-57 PWM Controller Output Duty Ratio

4.8.5.5 PWM Operation Modes

This powerful PWM unit supports independent mode which may be applied to DC or BLDC motor
system, Complementary mode with dead-time insertion which may be used in the application of AC
induction motor and synchronous motor, and Synchronous mode that makes both pins of each pair
are in phase. Besides, the Group mode, which forces the PWMO CH2, PWMO CH4 and
PWMO CH6 synchronous with PWMO_ CHO generator, may simplify updating duty control in DC
and BLDC motor applications and Asymmetric mode, to generate asymmetric PWM waveform and
interrupt timing.

4.8.5.6 Independent Mode

Independent mode is enabled when MODE (PWM_CTL2[29:28]) = 00.

By default, the PWM is operated in independent mode, with eight PWM channels outputs. Each
channel is running off its own duty-cycle generator module.

4.8.5.7 Complementary Mode
Complementary mode is enabled when MODE (PWM_CTL2[29:28]) = 01.

In this module there are four duty-cycle generators utilized for complementary mode, with total of
four PWM output pairs of pins in this module. The total eight PWM outputs are grouped into output
pairs of even and odd numbered outputs. In complimentary modes, the internal odd PWM signal
PWMO_CHn, always be the complement of the corresponding even PWM signal. For example,
PWMOQ_CH1 will be the complement of PWMO0_CHO0. PWMO0_CH3 will be the complement of
PWMO0_CH2, PWMO_CHS5 will be the complement of PWMO0_CH4, and PWMO_CH7 will be the
complement of PWMO_CH6. The time base for the PWM module is provided by its own 16-bit
counter, which also incorporates selectable pre-scalar options.

4.8.5.8 Dead-time Insertion

The dead-time generator inserts an “off” period called “dead-time” between the turning off of one
pin to the turning on of the complementary pin of the paired pins. This is to prevent damage to the
power switching devices that will be connected to the PWM output pins. The complementary output
pair mode has an 8-bit down counter used to produce the dead-time insertion. The complementary
outputs are delayed until the counter counts down to zero.

The dead-time can be calculated by the following formula:

dead-time = PWM_CLK * (DTInm+1), where nm, could be 01, 23, 45,67
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The timing diagram as shown below indicates the dead-time insertion for one pair of PWM signals.
I I I ||
PWMO_CHO ] j

without dead time | / d

I I /o AN

PWMO CH1 | t l rL

without dead time : ™\ '\ '\ Pl‘
\ \

\ \

PWMO_CHO with | [ = L |
dead time | ' : : [
/ I

o Iy | 1y

PWMO_CH1 with | & %

dead time b I

| | | [

Dead-time interval
End of dead-time for complementary pairs

Figure 4-58 Dead-time Insertion

In power inverter applications, a dead-time insertion avoids the upper and lower switches of the half
bridge from being active at the same time. Hence the dead-time control is crucial to proper operation
of a system. Some amount of time must be provided between turning off of one PWM output in a
complementary pair and turning on the other transistor as the power output devices cannot switch
instantaneously.

4.8.5.9 Synchronous Mode
Synchronous mode is enabled when MODE (PWM_CTL2[29:28]) = 10.
In the synchronization mode the PWM pair signals from PWM Generator are in-phase.

PWMO_CH1=PWMO0_CHO, PWMO0_CH3=PWMO0_CH2, PWMO0_CH5=PWMO0_CH4, and
PWMO_CH7=PWMO0_CHB6.

4.8.5.10 Group Mode
Group mode is enabled when GROUPEN (PWM_CTL2[30]) = 1.

This device supports Group mode control which allows all even PWM channel output to be duty
controllable by PWMO_CHO duty register.

If GROUPEN = 1, all (PWMO0_CH2, PWMO0_CH3), (PWMO0_CH4, PWMO0_CH5) and
(PWMO_CHG6, PWMO_CH7) pairs will follow (PWMO0_CHO, PWMO0_CH1), which imply;

PWMO_CH6 = PWMO0_CH4 = PWMO0_CH2 = PWMO_CHQO0;

PWMO0_CH7=PWMO0_CH5 =PWMO0_CH3 =PWMO0_CH1 = invert (PWMO0_CHO) if Complemen-
tary mode is enabled when MODE (PWM_CTL2[29:28]) = 01.

Note: For applications, please do not use Group and Synchronous mode simultaneously because the
Synchronous mode will be inactive.

4.8.5.11 Asymmetric Mode

Asymmetric mode only works under Center-aligned type. Asymmetric mode is enabled when ASY-
MEN (PWM_CTLJ[21]) = 1. In this mode PWM counter will be compared with another value
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CMPDn (PWM_CMPDATN[31:16]) when counting down. If CMRDn is not equal to the CMRn,
the PWM will generate asymmetric waveform and set CMPDIFn (PWM _INTSTS[13:8]) of the
corresponding channel n.

PERIODN(TFF)- — — —— — A——————— = ——— g ———————————

CMPDn(554):— -——-
Lo

CMPUN(2AA) -

|
I | | | |

| |
P! | | P | !
| | I - Sofltwar% | | |_| Sofltwarel | I
CMPDIFn | | L ™ bl T !
™ ! 1 ! |' '
| ! I ' I :
PWMO_CHn:J—I—:_. | | |
output | g ; > < |
| PWM PWM >: |
, PERIOD | PERIOD | |

Figure 4-59 Asymmetric Mode Timing Diagram

4.8.5.12 Polarity Control

Each PWM port from PWMO0 CHO to PWMO_CH7 has independent polarity control (PINV0~7) to
configure the polarity of active state of PWM output which are described in the PINVn in PWM
Control Register (PWM_CTL). By default, the PWM output is active high.

Figure 4-60 shows the initial state before PWM starts with different polarity settings.

Original waveform
Initial start | PWM starts without dead time !
<> and polarity control !

PWMO_CHO

PWMO0_CH1 |

PWMO_CHO _OffJT off on | PINVO=0

PWMO_CH1  off |  off | on off | pinviso
PWMO_CHO off on off on | PINVO=0
PWMO_CH1  off off on off PI NV1;=1

NPx: Negative Polarity control bits; it controls the PWM output initial state and polarity

: Dead Time insertion; it is only effective in complementary mode

Figure 4-60 Initial State and Polarity Control with Rising Edge Dead-time Insertion
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4.8.5.13 PWM for Motor Control Interrupt Architecture

There are four interrupt sources for PWM unit, which are

® ZIFn (PWM_INTSTS[7:0]) PWM counter count to zero interrupt flag;

® CMPUIFn (PWM_INTSTS[31:24]) PWM counter up-counts to CMPn (PWM_CMP-
DATN[15:0]) interrupt flag;

® PIFn (PWM_INTSTS[23:16]) PWM counter counts to period of edge-aligned type or counts to
center of center-aligned type interrupt flag;

® CMPDIFn (PWM_INTSTS[15:8]) PWM counter down-counts to CMPn (PWM_CMP-
DATN[15:0]) interrupt flag, if operating in asymmetric type it down count to CMPDn (PWM_CMP-
DATN[31:16]).

The bits ZIENn (PWM INTEN[7:0]) control the ZIFn interrupt enable; the bits CMPUIENn
(PWM _INTENJ[31:24]) control the CMPUIFn interrupt enable; the bits PIENn (PWM_IN-
TEN[23:16]) control the PIFn interrupt enable; and the bits CMPDIENn (PWM_INTEN[15:8]) con-
trol the CMPDIFn interrupt enable. Note that all the interrupt flags are set by hardware and must be
cleared by software.

Figure 6.7-24 shows the architecture of Motor Control PWM interrupts.

ZIFO(PWM_INTSTS[0]) —
ZIENO(PWM_INTEN[0]) —

ZIF7(PWM_INTSTS[7]) —
ZIEN7(PWM_INTEN[7])

CMPDIFO(PWM_INTSTS[8]) —
CMPDIENO(PWM_INTEN[8])

CMPDIF7(PWM_INTSTS[15]) —

CMPDIEN7(PWM_INTEN[15])— ‘ PWMO_INT
PIFO(PWM_INTSTS[16]) —

PIENO(PWM_INTEN[16]) —

PIF7(PWM_INTSTS[23]) —
PIEN7(PWM_INTEN[23]) —
CMPUIFO(PWM_INTSTS[24])—
CMPUIENO(PWM_INTEN[24])—

CMPUIF7(PWM_INTSTS[31]) —]
CMPUIEN7(PWM_INTEN[31])—

Figure 4-61 Motor Control PWM Interrupt Architecture

4.8.5.14 PWM Counter Start Procedure

The following procedure is recommended for PWM counter start
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1. Configure prescaler register (PWM_CLKPSC) for setting clock prescaler (CLKPSCnm).

2. Configure clock select register (PWM_CLKDIV) for setting clock source select (CLKDIVn).

3. Configure PWM control register (PWM_CTL) for setting auto-reload mode (CNTMODEnN = 1),
PWM counter aligned type (CNTTYPE) and DISABLE PWM counter (CNTENn = 0).

4. Configure PWM control register (PWM_CTL) for setting inverter on/off (PINVn), and Dead-
time generator on/off (DTCNTnm). (Optional)

5. Configure PWM_DTCTL register to set dead-time interval. (Optional)

6. Configure comparator register (PWM_CMPDATN) for setting PWM duty (CMPn).

7. Configure PWM counter register (PWM_PERIODn) for setting PWM counter loaded value
(PERIODN).

8. Configure PWM interrupt enable register (PWM_INTEN) for setting PWM period interrupt type
(INTTYPE), PWM zero interrupt enable bit (ZIENNn), PWM compare up match interrupt enable bit
(CMPUIENN), PWM period interrupt enable bit (PIENn), PWM compare down match interrupt
enable bit (CMPDIENN). (Optional)

9. Configure PWM output enable register (PWM_POEN) to enable PWM output channel

10. Configure PWM control register (PWM_CTL) to enable PWM counter (CNTENN = 1)

4.8.5.15 PWM Counter Stop Procedure
Method 1:

Set 16-bit counter register (PERIODN) to 0. When interrupt request happens, disable PWM counter
(CNTENnN in PWM_CTL). (Recommended)

Method 2:
Disable PWM Counter directly (CNTENn in PWM_CTL) (Not recommended)

The reason why this method is not recommended is that disabling CNTENnN will immediately stop
PWM output signal and lead to change the duty of the PWM output, this may cause damage to the
motor control circuit.

4.8.6 PWM Register Map

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

Register ' Offset | R/W ‘ Description Reset Value
PWMO Base Address:

PWMO0_BA = 0x4000_4000

PWM _CLKPSC PWMO BA+0x00 | R/W | PWM Clock Pre-scale Register 0x0000_0000
PWM_CLKDIV PWMO BA+0x04 | R/W | PWM Clock Select Register 0x0000_0000
PWM CTL PWMO BA+0x08 | R‘'W | PWM Control Register 0x0000_0000
PWM_PERIODO PWMO BA+0x0C | R/'W | PWM Counter Period Register 0 0x0000_0000
PWM_PERIODI PWMO BA+0x10 | R/'W | PWM Counter Period Register 1 0x0000_0000
PWM_PERIOD2 PWMO BA+0x14 | R/'W | PWM Counter Period Register 2 0x0000_0000
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PWM PERIOD3 PWMO BA+0x18 | R/'W | PWM Counter Period Register 3 0x0000_0000
PWM PERIOD4 PWMO BA+0x1C | R/'W | PWM Counter Period Register 4 0x0000_0000
PWM PERIODS PWMO BA+0x20 | R/W | PWM Counter Period Register 5 0x0000_0000
PWM PERIODG6 PWMO BA+0x24 | R/'W | PWM Counter Period Register 6 0x0000_0000
PWM PERIOD7 PWMO BA+0x28 | R/'W | PWM Counter Period Register 7 0x0000_0000
PWM_CMPDATO PWMO BA+0x2C | R/'W | PWM Comparator Register 0 0x0000_0000
PWM_CMPDATI PWMO BA+0x30 | R/'W | PWM Comparator Register 1 0x0000_0000
PWM_CMPDAT2 PWMO BA+0x34 | R/'W | PWM Comparator Register 2 0x0000_0000
PWM_CMPDAT3 PWMO BA+0x38 | R‘'W | PWM Comparator Register 3 0x0000_0000
PWM_CMPDAT4 PWMO BA+0x3C | R/'W | PWM Comparator Register 4 0x0000_0000
PWM_CMPDATS PWMO BA+0x40 | R/'W | PWM Comparator Register 5 0x0000_0000
PWM_ CMPDAT6 PWMO BA+0x44 | R/'W | PWM Comparator Register 6 0x0000_0000
PWM CMPDAT?7 PWMO BA+0x48 | R/'W | PWM Comparator Register 7 0x0000_0000
PWM _CTL2 PWMO BA+0x4C | R/'W | PWM Control Register 0x0000_0000
PWM_FLAG PWMO BA+0x50 | R/W | PWM Status Register 0x0000 0000
PWM INTEN PWMO BA+0x54 | R/'W | PWM Interrupt Enable Register 0x0000_0000
PWM INTSTS PWMO BA+0x58 | R/'W | PWM Interrupt Status Register 0x0000_0000
PWM POEN PWMO BA+0x5C | R/'W | PWM Output Enable Register 0x0000_0000
PWM_ DTCTL PWMO BA+0x64 | R/'W | PWM Dead-time Control Register 0x0000_0000
PWM_ADCTCTLO | PWMO BA+0x68 | R/'W | PWM Trigger Control Register 0 0x0000_0000
PWM_ADCTCTL1 | PWMO BA+0x6C | R/'W | PWM Trigger Control Register 1 0x0000_0000
PWM_ADCTSTSO | PWMO BA+0x70 | R/'W | PWM Trigger Status Register 0 0x0000_0000
PWM_ADCTSTSI PWMO BA+0x74 | R/'W | PWM Trigger Status Register 1 0x0000_0000
PWM_PCACTL PWMO BA+0x88 | R/'W | PWM Precise Center-Aligned Type Control | 0x0000_0000

Register

4.8.7 PWM Register Description
4.8.7.1 PWM Pre-Scale Register (PWM_CLKPSC)

Register Offset R/W | Description Reset Value
PWM_CLKPSC | PWMO BA+0x00 | R/W | PWM Clock Pre-scale Register 0x0000_0000
Bits Descriptions
[31:24] CLKPSC67 Clock Prescaler 6 for PWM Counter 6 and 7
Clock input is divided by (CLKPSC67 + 1) before it is sent to the corresponding PWM
counter.
If CLKPSC67 = 0, the clock prescaler 6 output clock will be stopped.
So the corresponding PWM counter will also be stopped.
[23:16] CLKPSC45 Clock Prescaler 4 for PWM Counter 4 and 5
Clock input is divided by (CLKPSC45 + 1) before it is sent to the corresponding PWM
counter.
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If CLKPSC45 = 0, the clock prescaler 4 output clock will be stopped.
So the corresponding PWM counter will also be stopped.

[15:8]

CLKPSC23

Clock Prescaler 2 for PWM Counter 2 and 3

Clock input is divided by (CLKPSC23 + 1) before it is sent to the corresponding PWM
counter.

If CLKPSC23 = 0, the clock prescaler 2 output clock will be stopped.

So the corresponding PWM counter will also be stopped.

[7:0]

CLKPSCO1

Clock Prescaler 0 for PWM Counter 0 and 1

Clock input is divided by (CLKPSCO1 + 1) before it is sent to the corresponding PWM
counter.

If CLKPSCO1 = 0, the clock prescaler 0 output clock will be stopped.

So the corresponding PWM counter will also be stopped.

4.8.7.2 PWM Clock Selector Register (PWM_CLKDIV)

Register

Offset

R/W | Description Reset Value

PWM_CLKDIV

PWMO BA+0x04 | R/W | PWM Clock Select Register 0x0000_0000

Bits

Descriptions

[31]

Reserved

Reserved

[30:28]

CLKDIV7

Counter 7 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC67*2).
001 = Clock input / (CLKPSC67%*4).
010 = Clock input / (CLKPSC67*8).
011 = Clock input / (CLKPSC67*16).
100 = Clock input / CLKPSC67.
Others = Clock input.

[27]

Reserved

Reserved

[26:24]

CLKDIV6

Counter 6 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC67*2).
001 = Clock input / (CLKPSC67*4).
010 = Clock input / (CLKPSC67*8).
011 = Clock input / (CLKPSC67*16).
100 = Clock input / CLKPSC67.
Others = Clock input.

Reserved

Reserved

CLKDIVS

Counter 5 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC45*2).
001 = Clock input / (CLKPSC45%4).
010 = Clock input / (CLKPSC45*8).
011 = Clock input / (CLKPSC45*16).
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100 = Clock input / CLKPSC45.
Others = Clock input.

[19] Reserved Reserved

[18:16] CLKDIV4 Counter 4 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC45*2).
001 = Clock input / (CLKPSC45*4).
010 = Clock input / (CLKPSC45*8).
011 = Clock input / (CLKPSC45*16).
100 = Clock input / CLKPSC45.
Others = Clock input.

[15] Reserved Reserved

[14:12] CLKDIV3 Counter 3 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC23*2).
001 = Clock input / (CLKPSC23*4).
010 = Clock input / (CLKPSC23*8).
011 = Clock input / (CLKPSC23*16).
100 = Clock input / CLKPSC23.
Others = Clock input.

[11] Reserved Reserved

[10:8] CLKDIV2 Counter 2 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC23*2).
001 = Clock input / (CLKPSC23*4).
010 = Clock input / (CLKPSC23*8).
011 = Clock input / (CLKPSC23*16).
100 = Clock input / CLKPSC23.
Others = Clock input.

[7] Reserved Reserved

[6:4] CLKDIV1 Counter 1 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSCO01*2).
001 = Clock input / (CLKPSC01*4).
010 = Clock input / (CLKPSCO01*8).
011 = Clock input / (CLKPSCO01*16).
100 = Clock input / CLKPSCOI.
Others = Clock input.

[3] Reserved Reserved

[2:0] CLKDIVO0 Counter 0 Clock Divider Selection

Select clock input for PWM counter.
000 = Clock input / (CLKPSCO01*2).
001 = Clock input / (CLKPSCO01*4).
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010 = Clock input / (CLKPSCO01*8).
011 = Clock input / (CLKPSC01*16).
100 = Clock input / CLKPSCOI.
Others = Clock input.

4.8.7.3 PWM Control Register (PWM_CTL)

Register Offset R/W | Description Reset Value
PWM CTL PWMO BA+0x08 | R/'W | PWM Control Register 0x0000_0000
Bits Descriptions

[31] Reserved Reserved

[30] PINV7 PWMO_CH?7 Output Inverter Enable Bit

0=PWMO_CH?7 output inverter disabled.
1 =PWMO0_CH?7 output inverter enabled.

[29] Reserved Reserved

[28] CNTEN7 PWM Counter 7 Enable Start Run
0 = Corresponding PWM counter running stopped.
1 = Corresponding PWM counter start run enabled.

[27] Reserved Reserved

[26] PINV6 PWMO _CH6 Output Inverter Enable Bit
0=PWMO_CHS6 output inverter disabled.
1 =PWMO_ CH6 output inverter enabled.

[25] Reserved Reserved

[24] CNTENG6 PWM Counter 6 Enable Start Run
0 = Corresponding PWM counter running stopped.

1 = Corresponding PWM counter start run enabled.

[23] Reserved Reserved

[22] PINVS PWMO_CHS Output Inverter Enable Bit
0 =PWMO_CHS output inverter disabled.
1 =PWMO0_CHS output inverter enabled.

[21] ASYMEN Asymmetric Mode In Center-aligned Type
0 = Symmetric mode in center-aligned type.

1 = Asymmetric mode in center-aligned type.

[20] CNTENS PWM Counter 5 Enable Start Run
0 = Corresponding PWM counter running stopped.

1 = Corresponding PWM counter start run enabled.

[19] Reserved Reserved

[18] PINV4 PWMO CH4 Output Inverter Enable Bit
0 =PWMO_CH4 output inverter disabled.
1 =PWMO_ CH4 output inverter enabled.

[17] Reserved Reserved

[16] CNTEN4 PWM Counter 4 Enable Start Run
0 = Corresponding PWM counter running stopped.
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1 = Corresponding PWM counter start run enabled.

[15] Reserved Reserved

[14] PINV3 PWMO_CH 3 Output Inverter Enable Bit
0=PWMO_CH3 output inverter disabled.
1 =PWMO CH3 output inverter enabled.

[13] Reserved Reserved

[12] CNTEN3 PWM Counter 3 Enable Start Run
0 = Corresponding PWM counter running stopped.
1 = Corresponding PWM counter start run enabled.

[11] Reserved Reserved

[10] PINV2 PWMO_CH2 Output Inverter Enable Bit
0=PWMO_CH2 output inverter disabled.
1 =PWMO0_CH2 output inverter enabled.

[9] Reserved Reserved

[8] CNTEN2 PWM Counter 2 Enable Start Run
0 = Corresponding PWM counter running stopped.
1 = Corresponding PWM counter start run enabled.

[7] Reserved Reserved

[6] PINV1 PWMO_CHI1 Output Inverter Enable Bit
0=PWMO_CHI output inverter disabled.
1 =PWMO0_CHI1 output inverter enable.

[5] HCUPDT Half Cycle Update Enable for Center-aligned Type
0 = Disable half cycle update PERIOD & CMP.
1 = Enable half cycle update PERIOD & CMP.

[4] CNTENI1 PWM Counter 1 Enable/Disable Start Run
0 = Corresponding PWM counter running stopped.
1 = Corresponding PWM counter start run enabled.

[3] Reserved Reserved

[2] PINVO PWMO CHO Output Inverter Enable Bit
0=PWMO_CHO output inverter disabled.
1 =PWMO_CHO output inverter enabled.

[1] Reserved Reserved

[0] CNTENO PWM Counter 0 Enable Start Run
0 = Corresponding PWM counter running stopped.
1 = Corresponding PWM counter start run enabled.

4.8.7.4 PWM Counter Register 0-7 (PWM_PERIOD0-7)

Register

Offset

R/W | Description

Reset Value

PWM_PERIODO

PWMO BA+0x0C

R/W | PWM Counter Period Register 0

0x0000_0000

PWM_PERIODI

PWMO BA+0x10

R/W | PWM Counter Period Register |

0x0000_0000

PWM_PERIOD2

PWMO BA+0x14

R/W | PWM Counter Period Register 2

0x0000_0000

PWM_PERIOD3

PWMO_BA+0x18

R/W | PWM Counter Period Register 3

0x0000_0000

PWM_PERIOD4

PWMO0_BA+0x1C

R/W | PWM Counter Period Register 4

0x0000_0000
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PWM_PERIODS | PWMO BA+0x20 | R/W | PWM Counter Period Register 5 0x0000 0000
PWM _PERIOD6 | PWMO BA+0x24 | R/W | PWM Counter Period Register 6 0x0000 0000
PWM _PERIOD7 | PWMO BA+0x28 | R/W | PWM Counter Period Register 7 0x0000 0000
Bits Descriptions
[31:16] Reserved Reserved
[15:0] PERIODn PWM Counter Period Value
n=0,1..7 PERIODn determines the PWM counter period.

Edge-aligned type:

PWM frequency = APBI1_CLK/((prescale+1)*(clock divider))/( PERIODn+1),
where xy, could be 01, 23, 45, 67 depending on the selected PWM channel.

Duty ratio = (CMPn+1)/( PERIODn+1).

PERIOD = 0: PWM is always low.

When PERIOD!=0, PWM output is as follow:

CMPn > PERIODn: PWM output is always high.

CMPn < PERIODn: PWM low width = (PERIODn-CMPn) unit; PWM high width
= (CMP+1) unit.

CMPn = 0: PWM is always low.

Center-aligned type:

PWM frequency = APB1 CLK/((prescale+1)*(clock divider))/ (2*PERIODn+1);
where xy, could be 01, 23, 45, 67 depending on the selected PWM channel.

Duty ratio = (PERIODn - CMPn)/( PERIODn+1).

PERIOD = 0: PWM is always low.

When PERIOD!=0, PWM output is as follow:

CMPn > PERIODn: PWM output is always low.

CMPn < PERIODn: PWM low width = (CMPn + 1) * 2 unit; PWM high width =
(PERIODn - CMPn) * 2 unit.

CMPn = 0: PWM is always high.

(Unit = One PWM clock cycle).

Note: Any write to PERIODn will take effect in the next PWM cycle.

4.8.7.5 PWM Comparator Register 0-7 (PWM_CMPDATO0-7)

Register Offset R/W | Description Reset Value

PWM_CMPDATO | PWMO BA+0x2C | R/'W | PWM Comparator Register 0 0x0000_0000
PWM_CMPDAT1 | PWMO BA+0x30 | R/W | PWM Comparator Register 1 0x0000_0000
PWM_CMPDAT2 | PWMO BA+0x34 | R/W | PWM Comparator Register 2 0x0000_0000
PWM_CMPDAT3 | PWMO BA+0x38 | R/W | PWM Comparator Register 3 0x0000_0000
PWM_CMPDAT4 | PWMO BA+0x3C | R/'W | PWM Comparator Register 4 0x0000_0000
PWM_CMPDATS | PWMO BA+0x40 | R/'W | PWM Comparator Register 5 0x0000_0000
PWM_CMPDAT6 | PWMO BA+0x44 | R/'W | PWM Comparator Register 6 0x0000_0000
PWM_CMPDAT7 | PWMO BA+0x48 | R/W | PWM Comparator Register 7 0x0000_0000
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Bits Descriptions
[31:16] CMPDn PWM Comparator Register for Down Counter In Asymmetric Mode
n=0,1..7 CMPn > PERIODn: up counter PWM output is always low.
CMPDn > PERIODn: down counter PWM output is always low.
Others: PWM output is always high.
[15:0] CMPn PWM Comparator Register
n=0,1..7 CMP determines the PWM duty.

Edge-aligned type:

PWM frequency = APB1_ CLK/((CLKPSCnm+1)*(clock divider))/( PERIODn+1);
where nm, could be 01, 23, 45, 67 depending on the selected PWM channel.

Duty ratio = (CMPn+1)/(PERIODn+1).

PERIOD = 0: PWM is always low.

When PERIOD!=0, PWM output is as follow:

CMPn > PERIODn: PWM output is always high.

CMPn < PERIODn: PWM low width = (PERIODn-CMPn) unit; PWM high width =
(CMP+1) unit.

CMPn = 0: PWM is always low.

Center-aligned type:

PWM frequency = APB1 CLK/((prescale+1)*(clock divider))/ (2¥*PERIODn+1);
where xy, could be 01, 23, 45, 67 depending on the selected PWM channel.

Duty ratio = (PERIODn - CMPn)/( PERIODn+1).

PERIOD = 0: PWM is always low.

When PERIOD!=0, PWM output is as follow:

CMPn > PERIODn: PWM output is always low.

CMPn < PERIODn: PWM low width = (CMPn + 1) * 2 unit; PWM high width =
(PERIODn - CMPn) * 2 unit.

CMPn = 0: PWM is always high.

(Unit = One PWM clock cycle).

Note: Any write to CMPn will take effect in the next PWM cycle.

4.8.7.6 PWM Control Register2 (PWM_CTL2)

Register Offset R/W | Description Reset Value
PWM_CTL2 PWMO BA+0x4C | R/W | PWM Control Register 0x0000_0000
Bits Descriptions
[31] CNTTYPE PWM Counter-aligned Type Select Bit

0 = Edge-aligned type.

1 = Center-aligned type.
[30] GROUPEN Group Function Enable Bit

0 = The signals timing of all PWM channels are independent.

1 = Unify the signals timing of PWMO0 CHO, PWMO0 CH2, PWMO CH4 and
PWMO_CH6 in the same phase which is controlled by PWMO0 CHO and also unify
the signals timing of PWMO CHI1, PWMO CH3, PWMO CHS5 and PWMO CH7
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in the same phase which is controlled by PWMO0 CHI.

[29:28]

MODE

PWM Operating Mode Select Bit
00 = Independent mode.

01 = Complementary mode.

10 = Synchronized mode.

11 = Reserved.

[27]

DTCNT67

Dead-time 6 Counter Enable Bit (PWMO0 CH6 and PWMO CH?7 Pair for PWMC
Group)

0 = Dead-time 6 generator disabled.

1 = Dead-time 6 generator enabled.

Note: When the dead-time generator is enabled, the pair of PWMO CH6 and
PWMO CH7 becomes a complementary pair for PWMC group.

[26]

DTCNT45

Dead-time 4 Counter Enable Bit (PWMO0 CH4 and PWMO0_CHS Pair for PWMC
Group)

0 = Dead-time 4 generator disabled.

1 = Dead-time 4 generator enabled.

Note: When the dead-time generator is enabled, the pair of PWMO CH4 and
PWMO _CHS becomes a complementary pair for PWMC group.

[25]

DTCNT23

Dead-time 2 Counter Enable Bit (PWMO0 CH2 and PWMO0_CH3 Pair for PWMB
Group)

0 = Dead-time 2 generator disabled.

1 = Dead-time 2 generator enabled.

Note: When the dead-time generator is enabled, the pair of PWMO CH2 and
PWMO CH3 becomes a complementary pair for PWMB group.

[24]

DTCNTO1

Dead-time 0 Counter Enable Bit (PWMO0_CHO and PWMO_CH1 Pair for PWMA
Group)

0 = Dead-time 0 generator disabled.

1 = Dead-time 0 generator enabled.

Note: When the dead-time generator is enabled, the pair of PWMO CHO and
PWMO CHI becomes a complementary pair for PWMA group.

[23:18]

Reserved

Reserved

[17]

PINTTYPE

PWM Interrupt Type Selection

0 = ZIFn will be set if PWM counter underflows.

1 = ZIFn will be set if PWM counter matches PERIODn register.
Note: This bit is effective when PWM is in center-aligned type only.

[16:0]

Reserved

Reserved

4.8.7.7 PWM Flag Indication Register (PWM_FLAG)

Register Offset R/W | Description Reset Value
PWM_FLAG PWMO BA+0x50 | R/W | PWM Status Flag Register 0x0000_0000
Bits Descriptions

[31:24] CMPUFn PWM Compare Up Flag
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n=0,1..7 Flag is set by hardware when PWMO_CHn up_counter reaches CMPn.
Note: This bit can be cleared by software writing 1.

[23:16] PFn PWM Period Flag

n=0,1..7 Flag is set by hardware when PWMO CHn counter reaches PERIODn.
Note: This bit can be cleared by software writing 1.

[15:8] CMPDFn PWM Compare Down Flag

n=0,1..7 Flag is set by hardware when PWMn down_counter reaches CMPn.
Note: This bit can be cleared by software writing 1.

[7:0] ZFn PWM Zero Point Flag

n=0,1..7 Flag is set by hardware when PWMn down_counter reaches zero point.
Note: This bit can be cleared by software writing 1.

4.8.7.8 PWM Interrupt Enable Register (PWM_INTEN)

Register Offset R/W | Description Reset Value
PWM_INTEN PWMO BA+0x54 | R/'W | PWM Interrupt Enable Register 0x0000_0000
Bits Descriptions
[31:24] CMPUIENn PWM Compare Up Interrupt Enable Bit
n=0,1..7 0 =PWMO_CHn compare up interrupt disabled.
1 =PWMO0_CHn compare up interrupt enabled.
[23:16] PIENn PWM Period Interrupt Enable Bit
n=0,1..7 0 =PWMO_CHn period interrupt disabled.
1 =PWMO_CHn period interrupt enabled.
[15:8] CMPDIENn PWM Compare Down Interrupt Enable Bit
n=0,1..7 0 =PWMO_CHn compare down interrupt disabled.
1 =PWMO_CHn compare down interrupt enabled.
[7:0] ZIENn PWM Zero Point Interrupt Enable Bit
n=0,1..7 0 =PWMO0_CHn zero point interrupt disabled.
1 =PWMO_CHn zero point interrupt enabled.

4.8.7.9 PWM Interrupt Indication Register (PWM _INTSTYS)

Register Offset R/W | Description Reset Value

PWM_INTSTS PWMO BA+0x58 | R/W | PWM Interrupt Status Register 0x0000_0000

Bits Descriptions

[31:24] CMPUIFn PWM Compare Up Interrupt Flag

n=0,1..7 Flag is set by hardware when PWMO CHn counter up count reaches CMPn.
Note: This bit can be cleared by software writing 1.

[23:16] PIFn PWM Period Interrupt Flag

n=0,1..7 Flag is set by hardware when PWMO_CHn counter reaches PERIODn.
Note: This bit can be cleared by software writing 1.

[15:8] CMPDIFn PWM Compare Down Interrupt Flag
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n=0,1..7 Flag is set by hardware when PWMn counter down count reaches CMPn.
Note: This bit can be cleared by software writing 1.
[7:0] ZIFn PWM Zero Point Interrupt Flag
n=0,1..7 Flag is set by hardware when PWMn counter down count reaches zero point.
Note: This bit can be cleared by software writing 1.

4.8.7.10 PWM Output Control Register (PWM_POEN)

Register Offset R/W | Description Reset Value
PWM POEN PWMO BA+0x5C | R/W | PWM Output Enable Register 0x0000_0000
Bits Descriptions
[31:8] Reserved Reserved
[7:0] POENnN PWM Output Enable Bits
n=0,1..7 0 = PWM channel n output to pin disabled.

1 = PWM channel n output to pin enabled.

Note: The corresponding GPIO pin must be switched to PWM function.

4.8.7.11 PWM Dead-time Interval Register (PWM_DTCTL)

Register Offset R/W | Description Reset Value

PWM DTCTL PWMO BA+0x64 | R/'W | PWM Dead-time Control Register 0x0000_0000

Bits Descriptions

[31:24] DTI67 Dead-time Interval Register for Pair of Channel6 and Channel7 (PWMO0_CH6 and
PWMO_ CH?7 Pair)
These 8 bits determine dead-time length.
The unit time of dead-time length is received from corresponding PWM_CLKDIV
bits.

[23:16] DTI45 Dead-time Interval Register for Pair of Channel4 and Channel5 (PWMO0_CH4 and
PWMO CHS Pair)
These 8 bits determine dead-time length.
The unit time of dead-time length is received from corresponding PWM_CLKDIV
bits.

[15:8] DTI23 Dead-time Interval Register for Pair of Channel2 and Channel3 (PWMO0_CH?2 and
PWMO _CH3 Pair)
These 8 bits determine dead-time length.
The unit time of dead-time length is received from corresponding PWM_CLKDIV
bits.

[7:0] DTIO1 Dead-time Interval Register for Pair of Channel0 and Channell (PWMO_CHO and

PWMO CH]1 Pair)

These 8 bits determine dead-time length.

The unit time of dead-time length is received from corresponding PWM_CLKDIV
bits.
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4.8.7.12 PWM Trigger ADC Control Register (PWM_ADCTCTLO)

Register

Offset

R/W | Description Reset Value

PWM_ADCTCTLO

PWMO BA+0x68 | R/'W | PWM Trigger Control Register 0 0x0000 0000

Bits

Descriptions

[31:28]

Reserved

Reserved

[27]

ZPTRGEN3

Channel 3 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel3's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[26]

CDTRGEN3

Channel 3 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel3's counter matching CMP3 in
down-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[25]

CPTRGEN3

Channel 3 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel3's Counter Matching PE-
RIOD3

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[24]

CUTRGEN3

Channel 3 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel3's counter matching CMP3 in
up-count direction

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[23:20]

Reserved

Reserved

[19]

ZPTRGEN2

Channel 2 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[18]

CDTRGEN2

Channel 2 Compare Down Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel2's counter matching CMP2 in

down-count direction
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0 =PWM condition trigger ADC function disabled.
1 = PWM condition trigger ADC function enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

[17] CPTRGEN2

Channel 2 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel2's Counter Matching PE-
RIOD2

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[16] CUTRGEN2

Channel 2 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2's counter matching CMP2 in
up-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[15:12] Reserved

Reserved

[11] ZPTRGENI

Channel 1 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[10] CDTRGENI

Channel 1 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell's counter matching CMP1 in
down-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[9] CPTRGEN1

Channel 1 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel0's Counter Matching PE-
RIOD1

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[8] CUTRGENI

Channel 1 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell's counter matching CMP1 in
up-count direction

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.
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Note: This bit is only valid for PWM in center-aligned type.
When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[7:4]

Reserved

Reserved

(3]

ZPTRGENO

Channel 0 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel0's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

(2]

CDTRGENO

Channel 0 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel0's counter matching CMPO in
down-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

(1]

CPTRGENO

Channel 0 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channelQ's Counter Matching PE-
RIODO

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

CUTRGENO

Channel 0 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel0's counter matching CMPO in
up-count direction

0 = PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

4.8.7.13 PWM Trigger ADC Control Register (PWM_ADCTCTL1)

Register

Offset

R/W | Description Reset Value

PWM_ADCTCTLI1

PWMO BA+0x6C | R/W | PWM Trigger Control Register 0

0x0000_0000

Bits Descriptions
[31:28] Reserved Reserved
[27] ZPTRGEN7 Channel 7 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel7's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.
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[26] CDTRGEN7

Channel 7 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel7's counter matching CMP7 in
down-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[25] CPTRGEN7

Channel 7 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel7's Counter Matching PE-
RIOD7

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[24] CUTRGEN?7

Channel 7 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel7's counter matching CMP7 in
up-count direction

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[23:20] Reserved

Reserved

[19] ZPTRGENG6

Channel 6 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel6's counter matching 0

0 = PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[18] CDTRGEN6

Channel 6 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel6's counter matching CMP6 in
down-count direction

0 = PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[17] CPTRGEN6

Channel 6 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel6's Counter Matching PE-
RIOD6

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[16] CUTRGENG6

Channel 6 Compare Up Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel6's counter matching CMP6 in
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up-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[15:12] Reserved

Reserved

[11] ZPTRGENS

Channel 5 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel5's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[10] CDTRGENS

Channel 5 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel5's counter matching CMP5 in
down-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[9] CPTRGENS5

Channel 5 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel5's Counter Matching PE-
RIODS5

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[8] CUTRGENS5

Channel 5 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel5's counter matching CMP5 in
up-count direction

0 = PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[7:4] Reserved

Reserved

[3] ZPTRGEN4

Channel 4 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4's counter matching 0

0 =PWM condition trigger ADC function disabled.

1 =PWM condition trigger ADC function enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

[2] CDTRGEN4

Channel 4 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4's counter matching CMP4 in
down-count direction

0 =PWM condition trigger ADC function disabled.
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1 = PWM condition trigger ADC function enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

[1] CPTRGEN4 Channel 4 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel4's Counter Matching PE-
RIOD4

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not
take any effect.

[0] CUTRGEN4 Channel 4 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4's counter matching CMP4 in
up-count direction

0 =PWM condition trigger ADC function disabled.

1 = PWM condition trigger ADC function enabled.

Note: This bit is only valid for PWM in center-aligned type.

When PWM is in edged-aligned type, setting this bit is meaningless and will not

take any effect.

4.8.7.14 PWM Trigger Status Register (PWM_ADCTSTSO0)

Register Offset R/W | Description Reset Value
PWM_ADCTSTSO | PWMO BA+0x70 | R/'W | PWM Trigger Status Register 0 0x0000_0000
Bits Descriptions

[31:28] Reserved Reserved

[27] ZPTRGF3 Channel 3 Zero Point Trigger ADC Flag

When the channel3's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[26] CDTRGF3 Channel 3 Compare Down Trigger ADC Flag
When the channel3's counter counts down to CMP3, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[25] CPTRGF3 Channel 3 Center Point Trigger ADC Flag
When the channel3's counter counts to PERIOD3, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[24] CUTRGF3 Channel 3 Compare Up Trigger ADC Flag
When the channel3's counter counts up to CMP3, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[23:20] Reserved Reserved

[19] ZPTRGF2 Channel 2 Zero Point Trigger ADC Flag
When the channel2's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[18] CDTRGF2 Channel 2 Compare Down Trigger ADC Flag
When the channel2's counter counts down to CMP2, this bit will be set for trigger ADC.
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Note: This bit can be cleared by software writing 1.

[17]

CPTRGF2

Channel 2 Center Point Trigger ADC Flag
When the channel2's counter counts to PERIOD2, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[16]

CUTRGEF2

Channel 2 Compare Up Trigger ADC Flag
When the channel2's counter counts up to CMP2, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[15:12]

Reserved

Reserved

[11]

ZPTRGF1

Channel 1 Zero Point Trigger ADC Flag
When the channell's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[10]

CDTRGF1

Channel 1 Compare Down Trigger ADC Flag
When the channell's counter counts down to CMP1, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[9]

CPTRGF1

Channel 1 Center Point Trigger ADC Flag
When the channell's counter counts to PERIODI, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

(8]

CUTRGF1

Channel 1 Compare Up Trigger ADC Flag
When the channell's counter counts up to CMP1, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[7:4]

Reserved

Reserved

[3]

ZPTRGFO0

Channel 0 Zero Point Trigger ADC Flag
When the channel0's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

(2]

CDTRGFO0

Channel 0 Compare Down Trigger ADC Flag
When the channel0's counter counts down to CMPO, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

(1]

CPTRGFO0

Channel 0 Center Point Trigger ADC Flag
When the channel0's counter counts to PERIODO, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

CUTRGFO0

Channel 0 Compare Up Trigger ADC Flag
When the channel0's counter counts up to CMPO, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

4.8.7.15 PWM Trigger Status Register (PWM_ADCTSTSI1)

Register Offset R/W | Description Reset Value
PWM_ADCTSTSI PWMO BA+0x74 | R/W | PWM Trigger Status Register 1 0x0000_0000
Bits Descriptions

[31:28] Reserved Reserved

[27] ZPTRGF7 Channel 7 Zero Point Trigger ADC Flag

When the channel7's counter counts to zero point, this bit will be set for trigger ADC.
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Note: This bit can be cleared by software writing 1.

[26]

CDTRGF7

Channel 7 Compare Down Trigger ADC Flag
When the channel7's counter counts down to CMP7, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[25]

CPTRGF7

Channel 7 Center Point Trigger ADC Flag
When the channel7's counter counts to PERIOD?7, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[24]

CUTRGF7

Channel 7 Compare Up Trigger ADC Flag
When the channel7's counter counts up to CMP7, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[23:20]

Reserved

Reserved

[19]

ZPTRGF6

Channel 6 Zero Point Trigger ADC Flag
When the channel6's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[18]

CDTRGF6

Channel 6 Compare Down Trigger ADC Flag
When the channel6's counter counts down to CMP6, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[17]

CPTRGF6

Channel 6 Center Point Trigger ADC Flag
When the channel6's counter counts to PERIODG6, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[16]

CUTRGF6

Channel 6 Compare Up Trigger ADC Flag
When the channel6's counter counts up to CMP6, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[15:12]

Reserved

Reserved

[11]

ZPTRGF5

Channel 5 Zero Point Trigger ADC Flag
When the channel5's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

[10]

CDTRGF5

Channel 5 Compare Down Trigger ADC Flag
When the channel5's counter counts down to CMPS5, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

CPTRGF5

Channel 5 Center Point Trigger ADC Flag
When the channel5's counter counts to PERIODS, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

CUTRGF5

Channel 5 Compare Up Trigger ADC Flag
When the channel5's counter counts up to CMPS5, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

Reserved

Reserved

ZPTRGF4

Channel 4 Zero Point Trigger ADC Flag
When the channel4's counter counts to zero point, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

CDTRGF4

Channel 4 Compare Down Trigger ADC Flag
When the channel4's counter counts down to CMP4, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.
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[1] CPTRGF4 Channel 4 Center Point Trigger ADC Flag
When the channel4's counter counts to PERIODA4, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.
[0] CUTRGF4 Channel 4 Compare Up Trigger ADC Flag

When the channel4's counter counts up to CMP4, this bit will be set for trigger ADC.

Note: This bit can be cleared by software writing 1.

4.8.7.16 Precise PWM Center-Aligned Type Control Register (PWM_PCACTL)

0 = Precise center-aligned type disabled.

1 = Precise center-aligned type enabled.

Register Offset R/W | Description Reset Value

PWM _PCACTL PWMO BA+0x88 R/W | PWM Precise Center-Aligned Type Control | 0x0000 0000
Register

Bits Descriptions

[31:1] Reserved Reserved

[0] PCAEN PWM Precise Center-aligned Type Enable Bit
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4.9 Watchdog Timer (WDT)

4.9.1 Overview

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

4.9.2 Features

® 18-bit free running up counter for WDT time-out interval

® Selectable time-out interval (2* ~ 2%8) WDT_CLK cycles and the time-out interval is 0.5ms ~
8.192s if WDT_CLK =32 KHz

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

® Supports selectable WDT reset delay period, including 1026, 130, 18 or 3 WDT_CLK reset
delay period

® Supports WDT time-out wake-up function only if WDT clock source is selected as RCL.

4.9.3 Block Diagram

RSTCNT (WDT_CTL[0])

- Watchdog
Reset WDT 18-bit WDT » 11 CILI3] interrupt
counter Wy counter
0 [4] [15]16]17] ey
[ | 1000, o o geiet WDT_CTL[6] Watchdog
+ ' elay
l t 001 : ; Time—out Period reset
| E I interval select —>
| 1oy | Pericd Rstovt | |
L, o 5% WDT_CTL[1] | RSP
L Y4 WDT_CTL[2]
T Wake up cpu from
WDTEN TOUTSEL power—down mode

WKEN
WDT_CTL[4] WKF
P! Wt CTLL5]

WDT_CTL[7] WDT_CTL[10:8]

Figure 4-62 Watchdog Timer Block Diagram

4.9.4 Clock Control
The WDT clock control is shown in Figure 4-63.

wdtsel
(CLK_APB SEL[1])

wdtcken
(CLK_APB1_EN[9])

; WDT_CLK

Figure 4-63 Watchdog Timer Clock Control

APB1 _CLK / 2048 —

RCL
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4.9.5 Basic Configuration

The WDT peripheral clock is enabled in wdtcken(CLK _APB1_EN[9]) and clock source can be se-
lected in wdtsel (CLK_APB_SEL[1]).

4.9.6 Functional Description

The WDT includes an 18-bit free running up counter with programmable time-out intervals.Table
4-9 shows the WDT time-out interval period selection and Figure 4-64 shows the WDT time-out
interval and reset period timing.

4.9.6.1 WDT Time-out Flag

Setting WDTEN (WDT_CTL[7]) to 1 will enable the WDT function and the WDT counter to start
counting up. There are eight time-out interval periods can be selected by setting TOUTSEL
(WDT_CTL[10:8]). When the WDT up counter reaches the TOUTSEL (WDT_CTL[10:8]) setting,
the WDT time-out interrupt will occur and then WDT time-out flag TOF (WDT_CTL[16]) will be
set to 1 immediately.

4.9.6.2 WDT Time-out Interrupt Flag

Setting WDTEN (WDT_CTL[7]) to 1 will enable the WDT function and the WDT counter to start
counting up. There are eight time-out interval period can be selected by setting TOUTSEL
(WDT_CTL[10:8]). When the WDT up counter reaches the TOUTSEL (WDT_CTL[10:8]) setting,
the WDT time-out interrupt will occur and then WDT time-out interrupt flag IF (WDT CTL[3])
will be set to 1 immediatelywhen INTEN (WDT_CTL[6]) is set to 1.

4.9.6.3 WDT Reset Delay Period and Reset System

A specified Trstoreset delay period occurs when the IF (WDT _CTL[3]) is set to 1. User should set
RSTCNT (WDT_CTLJ[0]) to reset the 18-bit WDT up counter value to avoid generating the WDT
time-out reset signal before the Trsto reset delay period expires. Moreover, user should set
RSTDSEL (WDT_ALTCTL [1:0]) to select reset delay period to clear WDT counter. If the WDT
up counter value has not been cleared after the specified Trstodelay period expires, the WDT control
will set RSTF (WDT _CTL[2]) to 1 if RSTEN (WDT_CTL[1]) bit is enabled, and then chip enters
reset state immediately. Refer to Figure 4-64Watchdog Timer Time-out Interval and Reset Period
Timing. The Trsrreset period will keep the last 63 WDT clocks and then chip restart executing
program from reset vector (0x0000 0000). The RSTF (WDT_CTL[2]) will keep 1 after WDT time-
out resets the chip. User can check RSTF (WDT_CTL[2]) via software to recognize if the system
has been reset by WDT time-out reset or not.

Table 4-9 Watchdog Timer Time-out Interval Period Selection

TOUTSEL Time-Out Interval Period Reset Delay Period
TTIS TRSTD

000 2% * Twpr (3/18/130/1026) * Twot

001 28 * Tywpr (3/18/130/1026) * Twpt

010 28 * Typr (3/18/130/1026) * Twpt

011 210 % Typr (3/18/130/1026) * Twot

100 212 % Typr (3/18/130/1026) * Twot
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101 24 % Typr (3/18/130/1026) * Twpr
110 216 % Typr (3/18/130/1026) * Twpr
111 218 % Typr (3/18/130/1026) * Twpr

RSTF=1

1F=1 (1f RSATEN=1)

RSTF Lo . wntehdos clock i o
WDT reset hid

(low reset)

Tyor : watchdog clock time period
Tris : watchdog time—out interval period ((24-218)*Typr)

Trstp : Watchdog reset delay period
selectable 2/17/129/1025%Tyy delay period

controlled by RSTDSEL (WDT ALTCTL[1:0])
Trsr : watchdog reset period (63%Typr)

Figure 4-64 Watchdog Timer Time-out Interval and Reset Period Timing

4.9.6.4 WDT Wake-up

If WDT clock source is selected to be RCL or APB1_CLK / 2048, system can be woken up from
Power-down mode while WDT time-out interrupt signal is generated and WKEN (WDT_CTL[4])
enabled. In the meanwhile, the WKF (WDT _CTL[5]) will be set to 1 automatically. User can check
WKF (WDT_CTL[5]) status via software to recognize if the system has been woken up by WDT

time-out interrupt or not.

4.9.7 WDT Register Map

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

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

WDT_BA = 0x4000_6000

WDT CTL WDT BA+0x00 R/W | WDT Control Register 0x0000_0700
WDT ALTCTL WDT BA+0x04 R/W | WDT Alternative Control Register 0x0000_0000

4.9.8 WDT Register Description
4.9.8.1 WDT Control Register (WDT _CTL)

Register Offset R/W | Description

Reset Value

WDT_CTL WDT_BA+0x00 R/W | WDT Control Register

0x0000_0700
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Bits

Descriptions

[31]

ICEDEBUG

ICE Debug Mode Acknowledge Disable Bit (Write Protect)

0 = ICE debug mode acknowledgement affects WDT counting.

WDT up counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement disabled.

WDT up counter will keep going no matter CPU is held by ICE or not.
Note: This bit is write-protected. Refer to the SYS REGLCTL register.

Reserved

Reserved.

TOF

WDT Time-out Flag

This bit will be set to 1 while WDT up counter value reaches the selected WDT time-out
interval

0 = WDT time-out interrupt does not occur.

1 = WDT time-out interrupt occurred.

Note: This bit is cleared by writing 1 to it.

[15:11]

Reserved

Reserved.

[10:8]

TOUTSEL

WDT Time-out Interval Selection (Write Protect)

These three bits select the time-out interval period for the WDT.
000 =274 * WDT CLK.

001 =276 * WDT CLK.

010 =278 * WDT CLK.

011 =2710 * WDT CLK.

100 =2712 * WDT CLK.

101 =2~14 * WDT_CLK.

110=2716 * WDT CLK.

111 =2718 * WDT_CLK.

Note: This bit is write-protected. Refer to the SYS REGLCTL register.

WDTEN

WDT Enable Bit (Write Protect)

0 = WDT Disabled (This action will reset the internal up counter value).
1 = WDT Enabled.

Notel: This bit is write-protected. Refer to the SYS REGLCTL register.

INTEN

WDT Time-out Interrupt Enable Bit (Write Protect)

If this bit is enabled, the WDT time-out interrupt signal is generated and inform to CPU.
0 =WDT time-out interrupt Disabled.

1 = WDT time-out interrupt Enabled.

Note: This bit is write-protected. Refer to the SYS REGLCTL register.

WKF

WDT Time-out Wake-up Flag (Write Protect)

This bit indicates the interrupt wake-up flag status of WDT

0 =WDT does not cause chip wake-up.

1 = Chip wake-up from Idle or Power-down mode if WDT time-out interrupt signal gen-
erated.

Notel: This bit is write-protected. Refer to the SYS REGLCTL register.

Note2: This bit is cleared by writing 1 to it.
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[4] WKEN

WDT Time-out Wake-up Function Control (Write Protect)

If this bit is set to 1, while WDT time-out interrupt flag IF (WDT_CTL[3]) is generated
to 1 and interrupt enable bit INTEN (WDT_CTL[6]) is enabled, the WDT time-out inter-
rupt signal will generate a wake-up trigger event to chip.

0 = Wake-up trigger event Disabled if WDT time-out interrupt signal generated.

1 = Wake-up trigger event Enabled if WDT time-out interrupt signal generated.

Notel: This bit is write-protected. Refer to the SYS REGLCTL register.

Note2: Chip can be woken-up by WDT time-out interrupt signal generated only if WDT

clock source is selected to RCL.

[3] IF

WDT Time-out Interrupt Flag

This bit will be set to 1 while WDT up counter value reaches the selected WDT time-out
interval

0 = WDT time-out interrupt did not occur.

1 = WDT time-out interrupt occurred.

Note: This bit is cleared by writing 1 to it.

2] RSTF

WDT Time-out Reset Flag

This bit indicates the system has been reset by WDT time-out reset or not.
0 =WDT time-out reset did not occur.

1 = WDT time-out reset occurred.

Note: This bit is cleared by writing 1 to it.

[] RSTEN

WDT Time-out Reset Enable Bit (Write Protect)

Setting this bit will enable the WDT time-out reset function If the WDT up counter value
has not been cleared after the specific WDT reset delay period expires.

0 =WDT time-out reset function Disabled.

1 = WDT time-out reset function Enabled.

Note: This bit is write-protected. Refer to the SYS REGLCTL register.

[0] RSTCNT

Reset WDT Up Counter (Write Protect)

0 = No effect.

1 = Reset the internal 18-bit WDT up counter value.

Notel: This bit is write-protected. Refer to the SYS REGLCTL register.
Note2: This bit will be automatically cleared by hardware.

4.9.8.2 WDT Alternative Control Register (WDT_ALTCTL)

Register Offset R/W | Description Reset Value
WDT ALTCTL | WDT BA+0x04 R/W | WDT Alternative Control Register 0x0000_0000
Bits Descriptions

[31:2] Reserved Reserved.

[1:0] RSTDSEL WDT Reset Delay Selection (Write Protect)

When WDT time-out happened, user has a time named WDT Reset Delay Period to clear
WDT counter by setting RSTCNT (WDT_CTL[0]) to prevent WDT time-out reset hap-
pened.

User can select a suitable setting of RSTDSEL for different WDT Reset Delay Period.
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00 = WDT Reset Delay Period is 1026* WDT CLK.

01 = WDT Reset Delay Period is 130 * WDT CLK.

10 = WDT Reset Delay Period is 18 * WDT CLK.

11 = WDT Reset Delay Period is 3 * WDT CLK.

Notel: This bit is write-protected. Refer to the SYS REGLCTL register.
Note2: This register will be reset to 0 if WDT time-out reset happens.
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4.10 Window Watchdog Timer (WWDT)
4.10.1 Overview

The Window Watchdog Timer (WWDT) is used to perform a system reset within a specified win-
dow period to prevent software run to uncontrollable status by any unpredictable condition.

4.10.2 Feature

® 6-bit down counter value (CNTDAT) and 6-bit compare value (CMPDAT) to make the WWDT
time-out window period flexible

® Supports 4-bit value (PSCSEL) to program up to 11-bit prescale counter period of WWDT coun-
ter

4.10.3 Block Diagram
The WWDT block diagram is shown in Figure 4-65.

PSCSEL 0x3F
(WWDT_CTL[11:8]) \—‘ WWDT

Reset
Write 3
RLDONTo05— P> Write RLDCNT
y  00005AA5

WWDTﬂ} 11-bit : WWDTRF
prescale || 67Pit dom counter | CNTDAT>CMPDAT (WWDT_STATUS [1])
: Compartor | CNTDAT<CMPDAT
3:1)1112 (g}iggi;‘; > —L WWDTIF WWDT

(WWDT_STATUS [01) Interrupt
6-bit down
synchronize > counter INTEN
value (CNTDAT) (WWDT_CTL[11)

Figure 4-65 WWDT Block Diagram

4.10.4 Clock Control

The WWDT peripheral clock is enabled in wdtcken (CLK_APB1 ENJ[9]) and clock source can be
selected in wwdtsel (CLK_APB_SEL[1]).

The WWDT clock control is shown in Figure 4-66.

wwdtsel

(CLK_APB_SEL[1])
wdtcken

(CLK_APB1_EN[10])
\ ] WWDT CLK
APB1 _CLK / 2048 0

rRCL — | 1

Figure 4-66 WWDT Clock Control
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4.10.5 Functional Description

The WWDT includes a 6-bit down counter with programmable prescale value to define different
WWDT time-out intervals. The clock source of 6-bit WWDT is based on APB1_CLK /2048 or 32
kHz internal low speed RC oscillator (RCL) with a programmable 11-bit prescale counter value
which controlled by PSCSEL (WWDT CTL[11:8]). Also, the correlate of PSCSEL
(WWDT CTLJ[11:8]) and prescale value are listed in Table 4-10.

Table 4-10 WWDT Prescaler Value Selection

PSCSEL Prescaler Value Max. Time-Out Period Max. Time-Out Interval
(WWDT_CLK=32 KHz)

0000 1 1 * 64 * Twwor 2ms

0001 2 2 * 64 * Twwor 4ms

0010 4 4 * 64 * Twwor 8ms

0011 8 8 * 64 * Twwor 16ms

0100 16 16 * 64 * Twwor 32ms

0101 32 32 * 64 * Twwpr 64ms

0110 64 64 * 64 * Twwpr 128ms

0111 128 128 * 64 * Twwpr 256ms

1000 192 192 * 64 * Twwpr 384ms

1001 256 256 * 64 * Twwpr 512ms

1010 384 384 * 64 * Twwor 768ms

1011 512 512 * 64 * Twwpr 1.024s

1100 768 768 * 64 * Twwpr 1.536s

1101 1024 1024 * 64 * Twwpr 2.048s

1110 1536 1536 * 64 * Twwor 3.072s

1111 2048 2048 * 64 * Twwpr 4.096s

4.10.5.1 WWDT Counting

When the WWDTEN (WWDT _CTLJ[0]) is set, WWDT down counter will start counting from 0x3F
to 0. To prevent program runs to disable WWDT counter counting unexpected, the WWDT CTL
register can only be written once after chip is powered on or reset. User cannot disable WWDT
counter counting (WWDTEN), change counter prescale period (PSCSEL) or change window com-
pare value (CMPDAT) while WWDTEN (WWDT_CTL[0]) has been enabled by user unless chip
is reset.

4.10.5.2 WWDT Compare Match Flag

During down counting by the WWDT counter, the WWDTF (WWDT_STATUS[2]) is set to 1 while
the WWDT counter value (CNTDAT) is equal to window compare value (CMPDAT) and WWDTF
can be cleared by user.

4.10.5.3 WWDT Compare Match Interrupt Flag

During down counting by the WWDT counter, the WWDTIF (WWDT_STATUSJQ]) is set to 1
while the WWDT counter value (CNTDAT) is equal to window compare value (CMPDAT) and
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INTEN(WWDT_CTL[1]) is set to 1. WWDTIF can be cleared by user;

4.10.5.4 WWDT Reset System

When WWDTIF (WWDT STATUSJ0]) is generated, user must reload WWDT counter value to
0x3F by writing 0x00005AAS5 to WWDT_RLDCNT register, and also to prevent WWDT counter
value reaching 0 and generating WWDT reset system signal to inform system reset. If current CNT-
DAT (WWDT CNT[5:0]) is larger than CMPDAT (WWDT CTL[21:16]) and user writes
0x00005AA5 to the WWDT RLDCNT register, the WWDT reset system signal will be generated
immediately to cause chip reset.

CNTDAT>CMPDAT | Write RLDCNT 0x5AA5
6-bit down counter | will reset system
value CNIDAT from

0x3F to 0x00
compara tor CNTDAT=0 System reset
immediately
6-bit compare value —p
CMPDAT CNTDAT<=CMPDAT | Write RLDCNT 0xbAA5
"1 will reload CNTDAT
to 0x3F

Figure 4-67 WWDT Reset and Reload Behavior

4.10.5.5 WWDT Window Setting Limitation

When user writes 0x00005AAS to WWDT RLDCNT register to reload WWDT counter value to
0x3F, it needs 3 WWDT clocks to sync the reload command to actually perform reload action.
Notice that if user set PSCSEL (WWDT CTLJ[11:8]) to 0000, the counter prescale value should be
as 1, and the CMPDAT (WWDT_CTL[21:16]) must be larger than 2. Otherwise, writing

WWDT RLDCNT register to reload WWDT counter value to 0x3F is unavailable, WWDTIF
(WWDT _ STATUS[O0]) is generated, and WWDT reset system event always happened.

Table 4-11 CMPDAT Setting Limitation

PSCSEL Prescale Value
0000 1 0x03 ~ 0x3F
0001 2 0x02 ~ 0x3F
others others 0x00 ~ 0x3F
4.10.6 WWDT Register Map
R: read only, W: write only, R/'W: both read and write
Register ‘ Offset | R/W ‘ Description Reset Value
WWDT Base Address:
WWDT_BA = 0x4000_4100
WWDT_RLDCNT WWDT _BA+0x00 | W WWDT Reload Counter Register 0x0000_0000
WWDT_CTL WWDT BA+0x04 | R‘'W | WWDT Control Register 0x003F 0800
WWDT_STATUS WWDT BA+0x08 | R‘'W | WWDT Status Register 0x0000_0000
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| WWDT_CNT

l WWDT_ BA+0x0C ‘ R l WWDT Counter Value Register ‘ 0x0000 003F

4.10.7 WWDT Register Description

4.10.7.1 WWDT Reload Counter Register (WWDT_RLDCNT)

Register Offset R/W | Description Reset Value
WWDT RLDCNT | WWDT_ BA+0x00 w WWDT Reload Counter Register 0x0000 0000
Bits Descriptions

[31:0] RLDCNT WWDT Reload Counter Register

Writing 0x00005AAS to this register will reload the WWDT counter value to 0x3F.
Note: User can only write WWDT RLDCNT register to reload WWDT counter
value when current WWDT counter value is between 0 and CMPDAT
(WWDT_CTL[21:16]).

If user writes WWDT RLDCNT when current WWDT counter value is larger than
CMPDAT, WWDT reset signal will generate immediately.

4.10.7.2 WWDT Control Register ( WWDT_CTL)

Register

Offset

R/W | Description Reset Value

WWDT_CTL

WWDT_BA+0x04 R/W | WWDT Control Register 0x003F_0800

Bits

Descriptions

[31]

ICEDEBUG

ICE Debug Mode Acknowledge Disable Bit

0 = ICE debug mode acknowledgement effects WWDT counting.

WWDT down counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement disabled.

WWDT down counter will keep going no matter CPU is held by ICE or not.

[30:22]

Reserved

Reserved

[21:16]

CMPDAT

WWDT Window Compare Bits

Set this register to adjust the valid reload window.

Note: User can only write WWDT RLDCNT register to reload WWDT counter
value when current WWDT counter value between 0 and CMPDAT.

If user writes WWDT RLDCNT register when current WWDT counter value
larger than CMPDAT, WWDT reset signal will generate immediately.

[15:12]

Reserved

Reserved

[11:8]

PSCSEL

WWDT Counter Prescale Period Select Bits

0000 = Pre-scale is 1; Max time-out period is 1 * 64 * WWDT_ CLK.
0001 = Pre-scale is 2; Max time-out period is 2 * 64 * WWDT_ CLK.
0010 = Pre-scale is 4; Max time-out period is 4 * 64 * WWDT CLK.
0011 = Pre-scale is 8; Max time-out period is 8 * 64 * WWDT_CLK.
0100 = Pre-scale is 16; Max time-out period is 16 * 64 * WWDT CLK.
0101 = Pre-scale is 32; Max time-out period is 32 * 64 * WWDT CLK.
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0110 = Pre-scale is 64; Max time-out period is 64 * 64 * WWDT _CLK.
0111 = Pre-scale is 128; Max time-out period is 128 * 64 * WWDT CLK.
1000 = Pre-scale is 192; Max time-out period is 192 * 64 * WWDT CLK.
1001 = Pre-scale is 256; Max time-out period is 256 * 64 * WWDT_CLK.
1010 = Pre-scale is 384; Max time-out period is 384 * 64 * WWDT_CLK.
1011 = Pre-scale is 512; Max time-out period is 512 * 64 * WWDT CLK.
1100 = Pre-scale is 768; Max time-out period is 768 * 64 * WWDT_CLK.
1101 = Pre-scale is 1024; Max time-out period is 1024 * 64 * WWDT CLK.
1110 = Pre-scale is 1536; Max time-out period is 1536 * 64 * WWDT_CLK.
1111 = Pre-scale is 2048; Max time-out period is 2048 * 64 * WWDT_CLK.

[7:2]

Reserved

Reserved

(1]

INTEN

WWDT Interrupt Enable Bit

If this bit is enabled, the WWDT counter compare match interrupt signal is gener-
ated and inform to CPU.

0=WWDT counter compare match interrupt Disabled.

1 =WWDT counter compare match interrupt Enabled.

(0]

WWDTEN

WWDT Enable Bit
Set this bit to enable WWDT counter counting.
0=WWDT counter is stopped.

1 =WWDT counter is starting counting.

4.10.7.3 WWDT Status Register (WWDT_STATUS)

Register

Offset

R/W | Description Reset Value

WWDT_STATUS

WWDT_BA+0x08 R/W | WWDT Status Register 0x0000_0000

Bits

Descriptions

[31:3]

Reserved

Reserved

(2]

WWDTF

WWDT Compare Match Flag

This bit indicates the flag status of WWDT while WWDT counter value matches
CMPDAT (WWDT_CTL[21:16]).

0 =No effect.

1 = WWDT counter value matches CMPDAT.

Note: This bit is cleared by writing 1 to it.

WWDTRF

WWDT Timer-out Reset Flag

This bit indicates the system has been reset by WWDT time-out reset or not.
0 =WWDT time-out reset did not occur.

1 = WWDT time-out reset occurred.

Note: This bit is cleared by writing 1 to it.

WWDTIF

WWDT Compare Match Interrupt Flag

This bit indicates the interrupt flag status of WWDT while WWDT counter value
matches CMPDAT (WWDT_CTL[21:16]).

0 =No effect.

1 = WWDT counter value matches CMPDAT.
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‘ | ‘ Note: This bit is cleared by writing 1 to it.

4.10.7.4 WWDT Counter Value Register (WWDT_CNT)

Register Offset R/W | Description Reset Value
WWDT CNT WWDT_BA+0x0C R WWDT Counter Value Register 0x0000_003F
Bits Descriptions
[31:6] Reserved Reserved
[5:0] CNTDAT WWDT Counter Value
CNTDAT will be updated continuously to monitor 6-bit WWDT down counter
value.
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4.11 UART Controller (UART)

4.11.1 Overview

The PAN2025 provides two channels of Universal Asynchronous Receiver/Transmitters (UART).
The UARTO0/1/2/3 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 UARTO0/1/2/3 channel sup-
ports five types of interrupts. The UARTO0/1/2/3 has 8 bytes Receiver/Transmitter FIFO.

4.11.2 Features

Full duplex, asynchronous communication

Separates receive/transmit 8/8 bytes entry FIFO for data payloads

Programmable receiver buffer trigger level

Supports programmable baud-rate generator for each channel individually

Supports receiver buffer time-out detection function

Programmable transmitting data delay time between the last stop and the next start bit by setting

UART_TOUT[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 character
B Programmable parity bit, even, odd, no parity or stick parity bit generation and detection
B Programmable stop bit 1, 1.5, or 2 stop bit generation

4.11.3 Block Diagram
The UARTO0/1/2/3 clock control and block diagram are shown in Figure 4-68.

vartOcken (CLK_APB1 EN[3])
uartlcken (CLK APB2 EN[3])
vart2cken (CLK_APB2 EN[T7])
uart3cken (CLK_APB2 EN[8])

: UARTO_CLK

AHB_CLK UART1_CLK
UART2_CLK
UART3_CLK

Figure 4-68 UARTO0/1/2/3 Controller Clock Control
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Figure 4-69 UART Controller Block Diagram
Each block is described in detail as follows:
TX_FIFO/TX_BUF

The UART transmitter is buffered with a 8-byte FIFO to reduce the number of interrupts presented
to the CPU.

RX_FIFO/RX_BUF

The UART receiver is buffered with a 8-byte FIFO (plus three error bits per byte) to reduce the
number of interrupts presented to the CPU.

TX shift Register

This block is shifting the transmitting data out serial control block.
RX Shift Register

This block is shifting the receiving data in serial control block.
Baud Rate Generator

Divide the external clock by the divisor to get the desired baud rate clock. Refer to baud rate equa-
tion.

FIFO & Line Control and Status Register

This field is register set that including the FIFO control registers (UART_FIFO), FIFO status reg-
isters (UART_FIFOSTS), and line control register (UART_LINE) for transmitter and receiver. The
time-out control register (UART_TOUT) identifies the condition of time-out interrupt.

Interrupt Control and Status Register

There are five types of interrupts, transmitter FIFO empty interrupt (THERIF), receiver data avail-
able interrupt (RDAIF), receive line status interrupt (parity error or framing error or break interrupt)
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(RLSIF), time-out interrupt (RXTOINT), Buffer error interrupt (BUFERRINT). Interrupt enabling
register (UART _INTEN) enables or disables the responding interrupt and interrupt status register
(UART_INTSTYS) identifying the occurrence of the responding interrupt.

4.11.4 Basic Configuration

The UART Controller function pins are configured in SYS_P0_MFP/SYS_P1 MFP/SYS _P5 MFP
registers for UARTO, configured in SYS_P1 MFP/ SYS P2 _MFP/ SYS P4 MFP registers for
UART1, configured in SYS_P1 MFP/ SYS_P2 MFP registers for UART2 and configured in
SYS PO_MFP/ SYS P3_MFP registers for UART3.

The UART Controller clock are enabled in uartOcken (CLK_APB1_EN[3]) for UARTO, uartlcken
(CLK_APB2_ENI[3]) for UARTL1, uart2cken (CLK_APB2_EN[7]) for UART2 and uart3cken
(CLK_APB2_EN[8]) for UARTS.

4.11.5 Functional Description

The UART Controller supports UART data transmit and receive mode.

4.11.5.1 UART Controller Baud Rate Generator

The UART Controller includes a programmable baud rate generator capable of dividing clock input
by divisors to produce the serial clock that transmitter and receiver need. The baud rate equation is
Baud Rate = UARTx_CLK /2 * [BRD + 1].

Table 4-12 Controller Baud Rate Parameter Setting Table

UART Peripheral Clock =48 MHz
Baud Rate BRD
921600 25
460800 51
230400 103
115200 207
57600 416
38400 624
19200 1249
9600 2499
4800 4999

4.11.5.2 UART Controller FIFO Control and Status

The UARTO0/1/2/3 Controller is built-in with an 8 bytes transmitter FIFO (TX_FIFO) and an 8 bytes
receiver FIFO (RX_FIFO) that reduces the number of interrupts presented to the CPU. The CPU
can read the status of the UARTO0/1/2/3 at any time during operation. The reported status information
includes the type and condition of the transfer operations being performed by the UARTO0/1/2/3, as
well as 3 error conditions (parity error, framing error, break interrupt) probably occur while receiv-
ing data.

207



)

A )

PANCHIP 2.4GHz RF Transceiver SOC

4.11.5.3 UART Controller Interrupt and Status

UART Controller supports 5 types of interrupts. The interrupts are listed as following:

Receiver threshold level reached interrupt (RDAINT)

Transmitter FIFO empty interrupt (THREINT)

Line status interrupt (parity error, frame error or break interrupt) (RLSINT)
Receiver buffer time-out interrupt (RXTOINT)

Buffer error interrupt (BUFERRINT)

Table 4-13 describes the interrupt sources and flags. The interrupt is generated when the interrupt
flag is generated and the interrupt enable bit is set. User must clear the interrupt flag after the inter-
rupt is generated.

Table 4-13 Controller Interrupt Source and Flag

Interrupt Source Interrupt Interrupt Interrupt Flag Flag Cleared By
Indicator Enable Bit
Receive Data Availa- | RDAINT RDAIEN RDAIF Read UART _DAT
ble Interrupt
Transmit Holding | THREINT THREIEN THREIF Write UART DAT
Register Empty Inter-
rupt
Receive Line Status | RLSINT RLSIEN RLSIF = (BIF or FEF or PEF) Writing ‘1’ to BIF/FEF/ PEF
Interrupt RLSIF = ADDRDETF Writing ‘1” to ADDRDETF
RX Time-out Inter- | RXTOINT RXTOIEN RXTOIF Read UART DAT
rupt
Buffer Error Interrupt | BUFER- BUFER- BUFERRIF = Writing ‘1 to
RINT RIEN (TXOVIF or RXOVIF) TXOVIF / RXOVIF

4.11.5.4 UART Function Mode
The UART0/1/2/3 Controller provides UART function. The UART baud rate is up to 1 Mbps.

The UARTO0/1/2/3 provides full-duplex and asynchronous communications. The UARTO0/1/2/3
transmitter and receiver contain 8 bytes FIFO for payloads. User can program receiver buffer trigger
level and receiver buffer time-out detection for receiver. The transmitting data delay time between
the last stop and the next start bit can be programmed by setting DLY (UART_TOUT [15:8]) reg-
ister.

Table 4-14 Line Control of Word and Stop Length Setting

NSB (UART_LINE[2]) WLS (UART_LINE[1:0]) | Word Length (Bit) Stop Length (Bit)
0 00 5 1

0 01 6 1

0 10 7 1

0 11 8 1

1 00 5 1.5

1 01 6 2
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1 10 7

1 11

Table 4-15 Line Control of Parity Bit Setting
Parity Type | SPE EPE PBE Description
(UART_LINE[5]) | (UART_LINE[4]) | (UART_LINE|3])

No Parity X X 0 No parity bit output.

0dd Parity 0 0 1 Odd Parity is calculated by adding all
the “1’s” in a data stream and adding a
parity bit to the total bits, to make the to-
tal count an odd number.

Even Parity | 0 1 1 Even Parity is calculated by adding all
the “1’s” in a data stream and adding a
parity bit to the total bits, to make the
count an even number.

Forced 1 0 1 Parity bit always logic 1.

Mask Parity Parity bit on the serial byte is set to “1”
regardless of total number of “1°s” (even
or odd counts).

Forced 1 1 1 Parity bit always logic 0.

Space Parity Parity bit on the serial byte is set to “0”
regardless of total number of “1’s” (even
or odd counts).

4.11.6 UART Register Map
R: read only, W: write only, R/W: both read and write

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

UARTO_BA = 0x4000_3000

UART1_BA = 0x4001_3000

UART2_BA = 0x4001_7000

UART3_BA = 0x4001_8000

UART_DAT UARTx_BA+0x00 R/W UART Receive/Transmit Buffer Reg- | Undefined
x=0,1,2,3 ister

UART_INTEN UARTx_BA+0x04 R/W UART Interrupt Enable Register 0x0000_0000
x=0,1,2,3

UART_FIFO UARTx_BA+0x08 R/W UART FIFO Control Register 0x0000_0000
x=0,1,2,3

UART_LINE UARTx BA+0x0C | R/'W UART Line Control Register 0x0000_0003
x=0,1,2,3
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UART_FIFOSTS UARTx BA+0x18 R/W UART FIFO Status Register 0x1040_4000
x=0,1,2,3
UART_INTSTS UARTx BA+0x1C | R/'W UART Interrupt Status Register 0x0000_0002
x=0,1,2,3
UART TOUT UARTx_BA+0x20 R/W UART Time-out Register 0x0000_0028
x=0,1,2,3
UART BAUD UARTx BA+0x24 R/W UART Baud Rate Divisor Register 0x0000_0000
x=0,1,2,3

4.11.7 UART Register Description
4.11.7.1 Receive/Transmit Buffer Register (UART_DAT)

Register Offset R/W Description Reset Value
UART_DAT UARTx BA+0x00 | R/'W UART Receive/Transmit Buffer Register Undefined
x=0,1,2,3

Bits Description

[31:8]

Reserved

Reserved.

[7:0]

DAT

Receiving/Transmit Buffer
Write Operation:

By writing one byte to this register, the data byte will be stored in transmitter FIFO. The UART
Controller will send out the data stored in transmitter FIFO top location through the UART TXD.
Read Operation:

By reading this register, the UART will return an 8-bit data received from receiving FIFO.

4.11.7.2 Interrupt Enable Register (UART INTEN)

Register Offset R/W Description Reset Value
UART _INTEN UARTx BA+0x04 | R/W UART Interrupt Enable Register 0x0000_0000
x=0,1,2,3
Bits Description
[31:12] | Reserved Reserved.
[11] TOCNTEN Time-out Counter Enable Bit
0 = Time-out counter disabled.
1 = Time-out counter enabled.
[10:6] | Reserved Reserved.
[5] BUFERRIEN | Buffer Error Interrupt Enable Bit
0 = Buffer Error Interrupt Masked disabled.
1 = Buffer Error Interrupt Masked enabled.
[4] RXTOIEN RX Time-out Interrupt Enable Bit
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0 = RXTOINT disabled.
1 = RXTOINT enabled.

[3] Reserved Reserved.

[2] RLSIEN Receive Line Status Interrupt Enable Bit
0 =RLSINT disabled
1 = RLSINT enabled.

[1] THREIEN Transmit Holding Register Empty Interrupt Enable Bit
0 = THREINT disabled.
1 = THREINT enabled.

[0] RDAIEN Receive Data Available Interrupt Enable Bit
0 = RDAINT disabled.
1 = RDAINT enabled.

4.11.7.3 FIFO Control Register (UART_FIFO)

Register

Offset

R/W Description Reset Value

UART_FIFO
x=0,1,2,3

UARTx_BA+0x08 | R/'W UART FIFO Control Register 0x0000_0000

Bits

Description

[31:8]

Reserved

Reserved.

[7:4]

RFITL

RX FIFO Interrupt (RDAINT) Trigger Level (Only Available in UARTO)

When the number of bytes in the receive FIFO equals the RFITL then the RDAIF will be set (if
RDAIEN in UART INTEN register is enabled, an interrupt will generate).

0000 = RX FIFO Interrupt Trigger Level is 1 byte.

0001 = RX FIFO Interrupt Trigger Level is 2 bytes.

0010 = RX FIFO Interrupt Trigger Level is 4 bytes.

0011 = RX FIFO Interrupt Trigger Level is 6 bytes.

Other = Reserved.

Reserved

Reserved.

(2]

TXRST

TX Field Software Reset

When TX RST is set, all the byte in the transmit FIFO and TX internal state machine are be
cleared.

0 = No effect.

1 = Reset TX internal state machine and pointers reset.

Note: This bit will auto clear needs at least 3 UART Controller peripheral clock cycles.

(1]

RXRST

RX Field Software Reset

When RX RST is set, all the byte in the receiver FIFO and RX internal state machine are
cleared.

0 = No effect.

1 = Reset RX internal state machine and pointers reset.

Note: This bit will auto clear needs at least 3 UART Controller peripheral clock cycles.

(0]

Reserved

Reserved.
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4.11.7.4 Line Control Register (UART_LINE)

Register Offset R/W Description Reset Value
UART LINE | UARTx BA+0x0C R/W UART Line Control Register 0x0000_0003
x=0,1,2,3
Bits Description
[31:7] | Reserved Reserved.
[6] BCB Break Control Bit
When this bit is set to logic 1, the serial data output (TX) is forced to the Spacing State (logic 0).
This bit acts only on TX and has no effect on the transmitter logic.
0 = Break control disabled.
1 = Break control enabled.
[5] SPE Stick Parity Enable Bit
0 = Stick parity disabled.
1 =If PBE (UART LINEJ[3]) and EPE (UART LINE[4]) are logic 1, the parity bit is transmitted
and checked as logic 0. If PBE (UART LINE[3]) is 1 and EPE (UART_ LINE[4]) is O then the
parity bit is transmitted and checked as 1.
[4] EPE Even Parity Enable Bit
0 = Odd number of logic 1’s is transmitted and checked in each word.
1 = Even number of logic 1’s is transmitted and checked in each word.
This bit has effect only when PBE (UART_LINEJ[3]) is set.
[3] PBE Parity Bit Enable Bit
0 = No parity bit.
1 = Parity bit is generated on each outgoing character and is checked on each incoming data.
[2] NSB Number of “STOP Bit”
0 = One “STOP bit” is generated in the transmitted data.
1 = When select 5-bit word length, 1.5 “STOP bit” is generated in the transmitted data. When
select 6-, 7- and 8-bit word length, 2 “STOP bit” is generated in the transmitted data.
[1:0] [ WLS Word Length Select Bit
00 = Word length is 5-bit.
01 = Word length is 6-bit.
10 = Word length is 7-bit.
11 = Word length is 8-bit.

4.11.7.5 FIFO Status Register (UART_FIFOSTYS)

Register Offset R/W Description Reset Value
UART FIFOSTS UARTx BA+0x18 | R/W UART FIFO Status Register 0x1040 4000
x=0,1,2,3

| Bits | Description
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[31:29]

Reserved

Reserved.

(28]

TXEMPTYF

Transmitter Empty Flag (Read Only)

This bit is set by hardware when TX FIFO (UART DAT) is empty and the STOP bit of the last
byte has been transmitted.

0 =TX FIFO is not empty.

1 =TX FIFO is empty.

Note: This bit is cleared automatically when TX FIFO is not empty or the last byte transmission

has not completed.

[27:25]

Reserved

Reserved.

(24]

TXOVIF

TX Overflow Error Interrupt Flag

If TX FIFO (UART DAT) is full, an additional write to UART DAT will cause this bit to logic
1.

0 =TX FIFO does not overflow.

1 =TX FIFO overflows.

Note: This bit is cleared by writing 1 to it.

(23]

TXFULL

Transmitter FIFO Full (Read Only)

This bit indicates TX FIFO full or not.

0 =TX FIFO is not full.

1 =TX FIFO is full.

Note: This bit is set when the number of usage in TX FIFO Buffer is equal to 8, otherwise is

cleared by hardware.

[22]

TXEMPTY

Transmitter FIFO Empty (Read Only)

This bit indicates TX FIFO empty or not.

0 = TX FIFO is not empty.

1 = TX FIFO is empty.

Note: When the last byte of TX FIFO has been transferred to Transmitter Shift Register, hard-
ware sets this bit high. It will be cleared when writing data into THR (TX FIFO not empty).

[21:19]

Reserved

Reserved.

[18:16]

TXPTR

TX FIFO Pointer (Read Only)

This field indicates the TX FIFO Buffer Pointer. When CPU writes one byte into UART DAT,
TXPTR increases one. When one byte of TX FIFO is transferred to Transmitter Shift Register,
TXPTR decreases one.

The Maximum value shown in TXPTR is 7. When the using level of TX FIFO Buffer equal to
8, the TXFULL bit is set to 1 and TXPTR will show 0. As one byte of TX FIFO is transferred
to Transmitter Shift Register, the TXFULL bit is cleared to 0 and TXPTR will show 7.

RXFULL

Receiver FIFO Full (Read Only)

This bit initiates RX FIFO full or not.

0 =RX FIFO is not full.

1 =RX FIFO is full.

Note: This bit is set when the number of usage in RX FIFO Buffer is equal to 8, otherwise is

cleared by hardware.

RXEMPTY

Receiver FIFO Empty (Read Only)
This bit initiate RX FIFO empty or not.
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0 =RX FIFO is not empty.
1 = RX FIFO is empty.
Note: When the last byte of RX FIFO has been read by CPU, hardware sets this bit high. It will

be cleared when UART receives any new data.

[13:11]

Reserved

Reserved.

[10:8]

RXPTR

RX FIFO Pointer (Read Only)

This field indicates the RX FIFO Buffer Pointer. When UART receives one byte from external
device, RXPTR increases one. When one byte of RX FIFO is read by CPU, RXPTR decreases
one.

The Maximum value shown in RXPTR is 7. When the using level of RX FIFO Buffer equal to
8, the RXFULL bit is set to 1 and RXPTR will show 0. As one byte of RX FIFO is read by CPU,
the RXFULL bit is cleared to 0 and RXPTR will show 7.

[7]

Reserved

Reserved.

(6]

BIF

Break Interrupt Flag (Read Only)

This bit is set to logic 1 whenever the received data input (RX) is held in the “spacing state”
(logic 0) for longer than a full word transmission time (that is, the total time of “start bit” + data
bits + parity + stop bits).

0 = No Break interrupt is generated.

1 = Break interrupt is generated.

Note: This bit is read only, but software can write 1 to clear it.

(3]

FEF

Framing Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “stop bit” (that
is, the stop bit follows the last data bit or parity bit is detected as logic 0).

0 = No framing error is generated.

1 = Framing error is generated.

Note: This bit is read only, but can be cleared by writing ‘1’ to it .

(4]

PEF

Parity Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “parity bit”.
0 = No parity error is generated.

1 = Parity error is generated..

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

[3:1]

Reserved

Reserved.

(0]

RXOVIF

RX Overflow Error Interrupt Flag

This bit is set when RX FIFO overflow.

If the number of bytes of received data is greater than RX FIFO (UART _DAT) size, 8 bytes
this bit will be set.

0 = RX FIFO did not overflow.

1 = RX FIFO overflowed.

Note: This bit is cleared by writing 1 to it.

4.11.7.6 Interrupt Status Control Register (UART _INTSTS)

Register

Offset R/W | Description Reset Value

UART INTSTS

UARTx BA+0x1C R/W | UART Interrupt Status Register 0x0000_0002
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|x=0,1,2,3 |

Bits

Description

[31:14]

Reserved

Reserved.

[13]

BUFERRINT

Buffer Error Interrupt Indicator (Read Only)

This bit is set if BUFERRIEN (UART INTEN[5]) and BUFERRIF (UART INTSTS[5]) are
both set to 1.

0 = No buffer error interrupt is generated.

1 = buffer error interrupt is generated.

[12]

RXTOINT

Time-out Interrupt Indicator (Read Only)

This bit is set if RXTOIEN (UART _INTEN[4]) and RXTOIF (UART INTSTS[4]) are both
setto 1.

0 = No Time-out interrupt is generated.

1 = Time-out interrupt is generated.

[11]

Reserved

Reserved.

[10]

RLSINT

Receive Line Status Interrupt (Read Only)

This bit is set if RLSIEN (UART INTEN][2]) and RLSIF (UART INTSTS[2]) are both set to
1.

0 = No RLS interrupt is generated.

1 = RLS interrupt is generated.

(9]

THREINT

Transmit Holding Register Empty Interrupt Indicator (Read Only)

This bit is set if THREIEN (UART INTEN[1]) and THREIF (UART INTSTS[1]) are both set
to 1.

0 = No THRE interrupt is generated.

1 = THRE interrupt is generated.

(8]

RDAINT

Receive Data Available Interrupt Indicator (Read Only)
This bit is set if RDAIEN (UART INTEN[0]) and RDAIF (UART INTSTS[0]) are both set
to 1.

0 = No RDA interrupt is generated.
1 = RDA interrupt is generated.

[7:6]

Reserved

Reserved.

(3]

BUFERRIF

Buffer Error Interrupt Flag (Read Only)

This bit is set when the TX/RX FIFO overflow flag (TXOVIF (UART_FIFOSTS[24] or
RXOVIF(UART FIFOSTS[0])) is set.

When BUFERRIF (UART _INTSTS[5]) is set, the transfer is not correct. [f BUFERRIEN
(UART _INTENTJS]) is enabled, the buffer error interrupt will be generated.

0 = No buffer error interrupt flag is generated.

1 = Buffer error interrupt flag is generated.

Note: This bit is read only and reset to 0 when all bits of TXOVIF (UART FIFOSTS[24]) and
RXOVIF (UART_FIFOSTSJ0]) are cleared.

RXTOIF

Time-out Interrupt Flag (Read Only)
This bit is set when the RX FIFO is not empty and no activities occurred in the RX FIFO and
the time-out counter equal to TOIC (UARTTOUT](7:0]). If RXTOIEN (UART INTEN [4]) is
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enabled, the Tout interrupt will be generated.

0 = No Time-out interrupt flag is generated.

1 = Time-out interrupt flag is generated.

Note: This bit is read only and user can read UART DAT (RX is in active) to clear it.

[3] Reserved

Reserved.

2] RLSIF

Receive Line Interrupt Flag (Read Only)

This bit is set when the RX receive data have parity error, framing error or break error (at least
one of 3 bits, BIF, FEF and PEF, is set). If RLSIEN (UART INTEN [2]) is enabled, the RLS
interrupt will be generated.

0 =No RLS interrupt flag is generated.

1 = RLS interrupt flag is generated.

Notel: In RS-485 function mode, this field is set including “receiver detects and receives ad-
dress byte character (bit 9 = 1) bit". At the same time, the bit of ADDRDETF
(UART _FIFOSTS[3]) is also set.

Note2: This bit is read only and reset to 0 when all bits of BIF (UART FIFOSTS[6]), FEF
(UART_FIFOSTS[5]), PEF (UART FIFOSTS[4]) and ADDRDETF (UART FIFOSTS[3])

are cleared.

[1] THREIF

Transmit Holding Register Empty Interrupt Flag (Read Only)

This bit is set when the last data of TX FIFO is transferred to Transmitter Shift Register. If
THREIEN (UART INTEN [1]) is enabled, the THRE interrupt will be generated.

0 = No THRE interrupt flag is generated.

1 = THRE interrupt flag is generated.

Note: This bit is read only and it will be cleared when writing data into UART DAT (TX FIFO
not empty).

[0] RDAIF

Receive Data Available Interrupt Flag (Read Only)

When the number of bytes in the RX FIFO equals the RFITL(UART_FIFO[7:4]) then the
RDAIF(UART INTSTS[0]) will be set. If RDAIEN (UART INTEN [0]) is enabled, the RDA
interrupt will be generated.

0 = No RDA interrupt flag is generated.

1 = RDA interrupt flag is generated.

Note: This bit is read only and it will be cleared when the number of unread bytes of RX FIFO
drops below the threshold level (RFITL (UART_FIFO[7:4])).

4.11.7.7 Time-out

Register (UART_TOUT)

Register Offset R/W Description Reset Value
UART _TOUT | UARTx BA+0x20 | R/'W UART Time-out Register 0x0000_0028
x=0,1,2,3
Bits Description
[31:16] | Reserved Reserved.
[15:8] | DLY TX Delay Time Value
This field is used to program the transfer delay time between the last stop bit and next start bit.
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The Unit is bit time.

Tx [tat Byte (i) S — Staift Byte (i+1) |
Stop DLY

[7:0] | TOIC

Time-out Interrupt Comparator

The time-out counter resets and starts counting (the counting clock = baud rate) whenever the RX
FIFO receives a new data word. Once the content of time-out counter (TOUT_CNT) is equal to
that of time-out interrupt comparator (TOIC), a receiver time-out interrupt (RXTOINT) is gener-
ated if RXTOIEN (UART INTEN[4]) is enabled. A new incoming data word or RX FIFO empty
clears RXTOINT. In order to avoid receiver time-out interrupt generation immediately during one
character is being received, TOIC value should be set between 40 and 255. So, for example, if

TOIC is set with 40, the time-out interrupt is generated after four characters are not received when

1 stop bit and no parity check is set for UART transfer.

4.11.7.8 Baud Rate Divider Register (UART_BAUD)

Register Offset R/W Description Reset Value
UART BAUD | UARTx BA+0x24 | R/'W UART Baud Rate Divisor Register 0x0000_0000
x=0,1,2,3
Bits Description
[31:16] | Reserved Reserved.
[15:0] | BRD Baud Rate Divider

The field indicates the baud rate divider. The specific relationship can refer to Table 4-12.
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4.12 12C Serial Interface Controller (12C)
4.12.1 Overview

12C is a two-wire, bi-directional serial bus that provides a simple and efficient method for data
exchange between devices. The 12C 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 sim-
ultaneously. There is one 12CO0 controller which supports Power-down wake-up function.

4.12.2 Features

The 12C bus uses two wires (SDA and SCL) to transfer information between devices connected to
the bus. The main features of the bus include:

® Supports one 12C port
® Master/Slave mode

® Bi-directional data transfer between masters and slaves

® Multi-master bus

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

® Serial clock synchronization allowing devices with different bit rates to communicate via one
serial bus

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

® Built-in 14-bit time-out counter that requests the 12C interrupt if the 12C bus hangs up and timer-
out counter overflows

® 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

4.12.3 Basic Configuration
The basic configurations of 12C0 are as follow:

® |2CO pins are configured on SYS_P2 MFP, SYS P3_MFP, SYS P4 MFP and SYS _P5 MFP
registers.

® Enable 12C clock (i2cOcken) on CLK_APB1 _EN [0] register.

® Reset 12C controller (I2CORST) on IPRSTL1 [0] register.

4.12.4 Block Diagram

The block diagram of 12C controller is shown in Figure 4-70.
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Figure 4-70 12C Controller Block Diagram

4.12.5 Functional Description

On 12C bus, data is transferred between a Master and a Slave. Data bits transfer on the SCL and
SDA lines are synchronous on a byte-by-byte basis. Each data byte is 8-bit long. There is one SCL
clock pulse for each data bit with the MSB being transmitted first, and an acknowledge bit follows
each transferred byte. Each bit is sampled during the high period of SCL; therefore, the SDA line
may be changed only during the low period of SCL and must be held stable during the high period
of SCL. A transition on the SDA line while SCL is high is interpreted as a command (START or
STOP). Please refer to Figure 4-71 for more details about 12C Bus Timing.

Repeated START STOP
STOP START

DA >
s /| teur T /
L

SC

ti, sTA Trp, DAT tsu, DT tsu, sTA tsu, sto

Figure 4-71 12C Bus Timing

The device’s on-chip 12C provides the serial interface that meets the 12C bus standard mode speci-
fication. The 12C port handles byte transfers autonomously. To enable this port, the bit I2CEN
(12C_CTL[6]) should be set to '1". The 12C hardware interfaces to the 12C bus via two pins: SDA
and SCL. When 1/O pins are used as 12C ports, user must set the pins function to 12C in advance.

There is a two-level buffer to improve the performance of 12C bus. In two-level buffer mode, the
next transmitted or the last received data can be active even if the current data is transmitted or the
last received isn’t read back yet.

The 12C SCL bus is stretched low when there is Sl event. The NSTRETCH control bit is used to
force the 12C SCL bus is no stretched under the Sl event.

There are under run or overrun interrupt when the two-level buffer mode is enabled and the interrupt
event enable is set.

Note: A pull-up resistor is needed for 12C operation as the SDA and SCL are open-drain pins.
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4.12.5.1 12C Protocol

Figure 4-72 shows the typical 12C protocol. Normally, a standard communication consists of four
parts:

1) START or Repeated START signal generation
2) Slave address and R/W bit transfer
3) Data transfer

4) STOP signal generation

Figure 4-72 12C Protocol
4.12.5.1.1. START or Repeated START signal

When the bus is free/idle, which means that no master device is engaging the bus (both SCL and
SDA lines are high), a master can initiate a transfer by sending a START signal. A START signal,
usually referred as the S-bit, is defined as a HIGH to LOW transition on the SDA line while SCL is
HIGH. The START signal denotes the beginning of a new data transfer.

A Repeated START is not a STOP signal between two START signals and usually referred to as the
“Sr” bit. The master uses this method to communicate with another slave or the same slave in a
different transfer direction (e.g. from writing to a device to reading from a device) without releasing
the bus.

4.125.1.2. STOP signal

The master can terminate the communication by generating a STOP signal. A STOP signal, usually
referred to as the “P” bit, is defined as a LOW to HIGH transition on the SDA line while SCL is
HIGH.

START STOP START Repeated START STOP
on \/___N/ NN
e \____/  \.____/ N____/

Figure 4-73 START and STOP Condition

4.12.5.1.3. Slave Address Transfer

The first byte of data transferred by the master immediately after the START signal is the Slave
address (SLA). This is a 7-bit calling address followed by a Read/Write (RW) bit. The R/W bit
signals of the slave indicate the data transfer direction. No two slaves in the system can have the
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same address. Only the slave with an address that matches the one transmitted by the master will
respond by returning an acknowledge bit by pulling the SDA low at the 9» SCL clock cycle.

4.125.1.4. Data Transfer

When a slave receives a correct address with an R/W bit, the data will follow R/W bit specified to
transfer. Each transferred byte is followed by an acknowledge bit on the 9« SCL clock cycle. If the
slave signals a Not Acknowledge (NACK), the master can generate a STOP signal to abort the data
transfer or generate a Repeated START signal and start a new transfer cycle.

If the master, as the receiving device, does Not Acknowledge (NACK) the slave, the slave releases
the SDA line for the master to generate a STOP or Repeated START signal.

Data line Change of
stable; data data
valid allowed

Figure 4-74 Bit Transfer on 12C Bus

Clock pulse for
acknowl edgement

Data output >< ><

by transmiter

not
acknowl edgement “a

Data output
by receiver S Pad
acknowl edgement

Figure 4-75 Acknowledge on I2C Bus
4.125.1.5. Data transfer on I12C bus

Figure 4-76 shows how a master transmits data to slave. A master addresses a slave with a 7-bit
address and 1-bit write index to denote that the master wants to transmit data to the slave. The master
keeps transmitting data after the slave returns acknowledge to the master.
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S SLAVE ADDRESS | R/W | A | DATA | A | DATA | A/A | P

[ Data transfer
0:write (n bytes +
acknowl edge)

From master to slave

A=acknowl edge (SDA 1low)

A=not acknowledge (SDA high)
From slave to master S=start condition
P=stop condition

Figure 4-76 Master Transmits Data to Slave

Figure 4-77 shows how a master read data from slave. A master addresses a slave with a 7-bit address
and 1-bit read index to denote that the master wants to read data from the slave. The slave will start
transmitting data after the slave returns acknowledge to the master.

S SLAVE ADDRESS | R/W | A | DATA A | DATA | A/A | P

| L Data transfer
1:read (n bytes +
acknowl edge)

Figure 4-77 Master Reads Data from Slave

4.12.5.2 Operation Modes
The on-chip 12C ports support three operation modes, Master, Slave, and General Call Mode.

In a given application, an 12C port may operate as a master or as a slave. In Slave mode, the 12C
port hardware looks for its own slave address and the general call address. If one of these addresses
is detected, and if the slave is willing to receive or transmit data from/to master(by setting the AA
bit), acknowledge pulse will be transmitted out on the 9 clock, hence an interrupt is requested on
both master and slave devices if interrupt is enabled. When the microcontroller wishes to become
the bus master, hardware waits until the bus is free before entering Master mode so that a possible
slave action is not be interrupted. If bus arbitration is lost in Master mode, 12C port switches to
Slave mode immediately and can detect its own slave address in the same serial transfer.

To control the 12C bus transfer in each mode, user needs to set 12C_CTL, 12C_DAT registers ac-
cording to current status code of 12C_STATUS register. In other words, for each 12C bus action,
user needs to check current status by 12C_STATUS register, and then set 12C_CTL, 12C_DAT reg-
isters to take bus action. Finally, check the response status by 12C_STATUS.

The bits, STA, STO and AA in 12C_CTL register are used to control the next state of the 12C hard-
ware after the Sl flag of 12C_CTL [3] register is cleared. Upon completion of the new action, a new
status code will be updated in 12C_STATUS register and the SI flag of 12C_CTL register will be
set. If the 12C interrupt control bit INTEN (12C_CTL [7]) is set, appropriate action or software
branch of the new status code can be performed in the Interrupt service routine.

Figure 4-78 shows the current 12C status code is 0x08, and then set 12C_DATA=SLA+W and
(STA,STO,SI,AA) = (0,0,1,x) to send the address to 12C bus. If a slave on the bus matches the
address and response ACK, the 12C_STATUS will be updated by status code 0x18.
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Last Status
STATUS=OXO8¢

S

Update Status

STATUS=0x18
y

e

I2CDAT
(SLA+W)

ACK

Register Control
I2CDAT=SLA+W

(STA, STO, SI, AA)=(0, 0, 1, x)
master to slave

slave to master

412.5.2.1.

Figure 4-78 Control 12C Bus according to Current I12C Status

Master Mode

All possible protocols for 12C master are shown in Figure 4-79 and Figure 4-80. User needs to
follow proper path of the flow to implement required 12C protocol.

In other words, user can send a START signal to bus and 12C will be in Master Transmitter mode
(as shown in Figure 4-79) or Master receiver mode (as shown in Figure 4-80) after START signal
has been sent successfully and new status code would be 0x08. Followed by START signal, user
can send slave address, read/write bit, data and Repeat START, STOP to perform 12C protocol.
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Figure 4-79 Master Transmitter Mode Control Flow
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Figure 4-80 Master Receiver Mode Control Flow

If the 12C is in Master mode and gets arbitration lost, the status code will be 0x38. In status 0x38,
user may set (STA, STO, SI, AA) = (1, 0, 1, X) to send START to re-start Master operation when
bus becomes free. Otherwise, user may set (STA, STO, SI, AA) = (0, 0, 1, X) to release 12C bus
and enter not addressed Slave mode.

4.12.5.2.2. Slave Mode

When reset as default, 12C is not addressed and will not recognize the address on 12C bus. User can
set slave address by 12C_ADDRXx and set (STA, STO, SI, AA) =(0, 0, 1, 1) to let 12C recognize the
address sent by master. Figure 4-81 shows all the possible flow for 12C in Slave mode. Users need
to follow a proper flow (as shown in Figure 4-81) to implement their own 12C protocol.

If bus arbitration is lost in Master mode, the 12C port switches to Slave mode immediately and can
detect its own slave address in the same serial transfer. If the detected address is SLA+W (Master
want to write data to Slave) after arbitration lost, the status code is 0x68. If the detected address is
SLA+R (Master want to read data from Slave) after arbitration lost, the status code is 0xBO.
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Note: During I2C communication, the SCL clock will be released when writing ‘1’ to clear the SI
flag in Slave mode.
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Figure 4-81 Slave Mode Control Flow

If 12C is still receiving data in addressed Slave mode but got a STOP or Repeat START, the status
code will be 0xAQ. User could follow the action for status code 0x88 as shown in Figure 6.11-15
when getting OxAO status.

If 12C is still transmitting data in addressed Slave mode but got a STOP or Repeat START, the
status code will be 0xAO. User could follow the action for status code 0xC8 as shown in Figure
1.10-15 when getting 0xAO status.

Note: After slave gets status of 0x88, 0xC8, 0xCO0 and 0xAO, slave can switch to not address mode
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and own SLA will not be recognized. If entering this status, slave will not receive any 12C signal or
address from master. At this status, 12C should be reset to leave this status.

4.125.2.3. General Call (GC) Mode

If the GC bit (I2C_ADDRX [0]) is set, the 12C port hardware will respond to General Call address
(0O0H). User can clear GC bit to disable general call function. When the GC bit is set and the 12C is
in Slave mode, it can receive the general call address by 0x00 after master send general call address
to 12C bus, then it will follow status of GC mode.
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|:| Slave to Master
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Figure 4-82 GC Mode
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If 12C is still receiving data in GC mode but got a STOP or Repeat START, the status code will be
0xAQ. User could follow the action for status code 0x98 in Figure 4-82 when getting OxXAOQ status.

Note: After slave gets status of 0x98 and 0xAO, slave can switch to not address mode and own SLA
will not be recognized. If entering this status, slave will not receive any 12C signal or address from
master. At this time, the 12C controller should be reset to exit this status.

4,12.5.2.4. Multi-Master

In some applications, there are two or more masters on the same 12C bus to access slaves, and the
masters may transmit data simultaneously. The 12C supports multi-master by including collision
detection and arbitration to prevent data corruption.

® When I2C_STATUS = 0x38, an “Arbitration Lost” is received. Arbitration lost event maybe
occur during the send START bit, data bits or STOP bit. User could set (STA, STO, SI, AA) = (1,
0, 1, X) to send START again when bus free, or set (STA, STO, SlI, AA) =(0, 0, 1, X) to send STOP
to back to not addressed Slave mode.
® When [2C_STATUS = 0x00, a “Bus Error” is received. To recover 12C bus from a bus error,
STO should be set and SI should be cleared, and then STO is cleared to release bus.

- Set (STA, STO, SI, AA) = (0, 1, 1, X) to stop current transfer

- Set (STA, STO, SI, AA) = (0, 0, 1, X) to release bus

4.12.5.3 I12C Protocol Registers

To control the 12C port through the following fifteen special function registers: 12C_CTL (control
register), 12C_STATUS (status register), 12C_DAT (data register), I2C_ADDRn (address registers,
n=0~3), 12C_ADDRMSKn (address mask registers, n=0~3), I2C_CLKDIV (clock rate register) and
I2C_TOCTL (time-out counter register), 12C_CTL1 (control register 1) and 12C_STATUS]1 (status
register 1).

4.12.5.3.1. Address Registers (I2C_ADDR)

The 12C port is equipped with four slave address registers 12C_ADDRnN (n=0~3). The contents of
the register are irrelevant when 12C is in Master mode. In Slave mode, the bit field 12C_ADDRN[7:1]
must be loaded with the chip’s own slave address. The I2C hardware will react if the contents of
I2C_ADDRN are matched with the received slave address.

The 12C ports support the “General Call” function. If the GC bit (I2C_ADDRn[0]) is set, the 12C
port hardware will respond to General Call address (00H). Clearing GC bit will disable general call
function.

When GC bit is set and the 12C is in Slave mode, it can receive the general call address by 00H after
Master send general call address to 12C bus, then it will follow status of GC mode.

4.12.5.3.2. Slave Address Mask Registers (I2C_ADDRMSK)

The 12C bus controller supports multiple address recognition with four address mask registers
I2C_ADDRMSKXx (x=0~3). When the bit in the address mask register is set to 1, it means the re-
ceived corresponding address bit is "Don’t care". If the bit is set to 0, it means the received corre-
sponding register bit should be exactly the same as address register.

4.12.5.3.3. Data Register (I2C_DAT)
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This register contains a byte of serial data to be transmitted or a byte which just has been received.
The CPU can read from or write to this 8-bit (12C_DAT][7:0]) directly while it is not in the process
of shifting a byte. When 12C is in a defined state and the serial interrupt flag (SI) is set, data in
I2C_DAT[7:0] remains stable. While data is being shifted out, data on the bus is simultaneously
being shifted in; 12C_DAT[7:0] always contains the last data byte present on the bus.

The acknowledge bit is controlled by the I2C hardware and cannot be accessed by the CPU. Serial
data is shifted through into [2C_DAT][7:0] on the rising edges of serial clock pulses on the SCL line.
When a byte has been shifted into 2C_DAT([7:0], the serial data is available in [2C_DAT[7:0], and
the acknowledge bit (ACK or NACK) is returned by the control logic during the ninth clock pulse.
In order to monitor bus status while sending data, the bus date will be shifted to [2C DATA[7:0]
when sending [2C_DATA[7:0] to bus. In the case of sending data, serial data bits are shifted out
from [2C_DAT [7:0] on the falling edge of SCL clocks, and is shifted to I2C_DAT [7:0] on the rising
edge of SCL clocks.

12C Data Register

I2CDAT[7] | I2CDAT[6] | I2CDAT[5] | I2CDAT[4] | I2CDAT[3] | I2CDAT[2] | I2CDAT[1] | I2CDAT[0]

B SE— Shifting direction «—

Figure 4-83 12C Data Shifting Direction
4.12.5.3.4. Control Register (I2C_CTL)

The CPU can read from and write to 12C_CTL[7:0] directly. When the 12C port is enabled by setting
I2CEN (12C_CTL [6]) to high, the internal states will be controlled by 12C_CTL and 12C logic
hardware.

There are two bits are affected by hardware: the Sl bit is set when the 12C hardware requests a serial
interrupt, and the STO bit is cleared when a STOP condition is present on the bus. The STO bit is
also cleared when 12CEN = 0.

Once a new status code is generated and stored in 12C_STATUS, the 12C Interrupt Flag bit Sl
(12C_CTL [3]) will be set automatically. If the Enable Interrupt bit INTEN (I12C_CTL [7]) is set at
this time, the 12C interrupt will be generated. The bit field 12C_STATUS[7:0] stores the internal
state code, the content keeps stable until Sl is cleared by software.

4.12.5.3.5. Status Register (I2C_STATUS)

I2C_STATUSJ7:0] is an 8-bit read-only register. The bit field I2C_STATUS[7:0] contain the status
code. There are 26 possible status codes. All states are listed in section Table 6.11-1. When
I12C_STATUS[7:0] is F8H, no serial interrupt is requested. All other I2C_STATUS[7:0] values cor-
respond to defined 12C states. When each of these states is entered, a status interrupt is requested
(SI =1). A valid status code is present in 12C_STATUS[7:0] one cycle after Sl is set by hardware
and is still present one cycle after Sl has been reset by software.

In addition, the state O0OH stands for a Bus Error, which occurs when a START or STOP condition
is present at an incorrect position in the 12C format frame. A Bus Error may occur during the serial
transfer of an address byte, a data byte or an acknowledge bit. To recover 12C from bus error, STO
should be set and SI should be cleared to enter Not Addressed Slave mode. Then STO is cleared to
release bus and to wait for a new communication. 12C bus cannot recognize stop condition during
this action when bus error occurs.
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Table 4-16 12C Status Code Description
Master Mode Slave Mode
STATUS Description STATUS Description
0x08 Start 0xA0 Slave Transmit Repeat Start or Stop
0x10 Master Repeat Start 0xA8 Slave Transmit Address ACK
0x18 Master Transmit Address ACK 0xBO0 Slave Transmit Arbitration Lost
0x20 Master Transmit Address NACK 0xB8 Slave Transmit Data ACK
0x28 Master Transmit Data ACK 0xCO0 Slave Transmit Data NACK
0x30 Master Transmit Data NACK 0xC8 Slave Transmit Last Data ACK
0x38 Master Arbitration Lost 0x60 Slave Receive Address ACK
0x40 Master Receive Address ACK 0x68 Slave Receive Arbitration Lost
0x48 Master Receive Address NACK 0x80 Slave Receive Data ACK
0x50 Master Receive Data ACK 0x88 Slave Receive Data NACK
0x58 Master Receive Data NACK 0x70 GC mode Address ACK
0x00 Bus error 0x78 GC mode Arbitration Lost
0x90 GC mode Data ACK
0x98 GC mode Data NACK
O0xF8 Bus Released
Note: The status “OxF8” exists in both master/slave modes, and it won’t raise interrupt.

4.12.5.3.6. 12C Clock Baud Rate Bits (I2C_CLKDIV)

The data baud rate of 12C is determined by the 12C_CLKDIV[7:0] register when 12C is in Master
mode. It is not necessary in a Slave mode. In Slave mode, 12C will automatically synchronize with
any clock frequency from master 12C device.

4.12.5.3.7. 12C Time-out Counter Register (I2C_TOCTL)

There is a 14-bit time-out counter which can be used to deal with the 12C bus hang-up. If the time-
out counter is enabled, the counter starts up_counting until it overflows (TOIF=1) and generates
I2C interrupt to CPU or stops counting by clearing 12CEN to 0. When time-out counter is enabled,
setting flag Sl to high will reset counter and re-start up_counting after Sl is cleared. If 12C bus is
hung up, it causes the 12C_STATUS and flag S| are not updated for a period, the 14-bit time-out
counter may overflow and acknowledge CPU the 12C interrupt. Refer to Figure 1.10-17 for the 14-
bit time-out counter. User may write 1 to clear TOIF to 0.

:
Enable ‘ 14-bit counter } } TOIF l To I2C Interrupt -
1/4 g
‘ clear counter SI
Div4
T2CEN
TOCEN
SI

Figure 4-84 12C Time-out Count Block Diagram
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4.12.5.3.8. I12C Control Register 1 (I2C_CTL1)
The NSTRETCH (12C_CTL1[2]) bit is used to no stretch the bus clock when this bit is set to 1.

For the TWOLVFIFO (12C_CTL1[1]) bit, it is used to enable the two-level buffer for 12C trans-
mitted or received buffer. It is used to improve the performance of the 12C bus. If this bit is set to 1,
the control bit of STA (12C_CTL[5]) for repeat start or STO (12C_CTL[4]) bit should be set after
the current interrupt is cleared. For example, if there are 4 data to be transmitted and then stopped.
The STOP bit shall be set after the 3rd data’s interrupt event is cleared. At this time, the 4ndata can
be transmitted and the 12C stops after the 4« data transmission done.

The two-level buffer status interrupt enable can be enabled by 12C_CTL1[4:3] to generate the under
run or overrun event.

When entering Power-down mode, other 12C master can wake-up the chip by addressing the 12C
device, and user must configure the related setting before entering Sleep mode. When the chip is
woken-up by address match with one of the four address register, the following data will be aban-
doned at this time. Note that only 12C0 channel supports wake-up function.

4.12.5.3.9. I2C Status Register 1 (I2C_STATUSI1)

The two-level buffer status, busy free information, buffer empty, buffer full and overrun or under
run are also listed in this register.

When system is woken up by other 12C master device, WKIF is set to indicate this event. User needs
to write “1” to clear this bit. The other status bits are used to indicate the current buffer status when
the TWOLVFIFO (12C_CTL1[1]) is set. Note that only 12C0 channel supports wake-up function.

4.12.5.4 Example of Random Read on EEPROM

The following steps are used to configure the 12C related registers when using 12C to read data from
EEPROM.

1. Set the multi-function pin in the “SYS_P3 MFP” registers as SCL and SDA pins.

2. Enable 12C APB clock, i2cOcken=1 in the “CLK APB1_EN” register.

3. Set 12C_RST=1 to reset 12C controller then set 12C controller to normal operation, 12CORST=0
in the “IPRST1” register.

4. Set 12CEN=1 to enable 12C controller in the “I2C_CTL” register.

5. Give 12C clock a divided register value for I12C clock rate in the “I2C_CLKDIV”.

6. Set SETENA=0x00040000 in the “NVIC_ISER” register to set 12C IRQ.

7. Set INTEN =1 to enable I2C Interrupt in the “I2C_CTL” register.

8. Set 12C address registers which are “I2C_ADDRO~I2C_ADDR3”.

Random read operation is one of the methods toaccess EEPROM. The method allows the master to
access any address of EEPROM space.

Figure 4-85 shows the EEPROM random read operation.
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ROM ADDRESS ~ ROM ADDRESS

SLAHW HIGH BYTE LOW BYTE SLA+R DATA BYTE

S ALTTTTTTTIALTTTITITTT]A ALTTTTTTTINS
LSIDN*]‘E IT1010*2”1“3wcxxx C c§,101 ‘z‘l‘ch AlT
A KL LD IR K\HHHEO

Figure 4-85 EEPROM Random Read

Figure 4-86 shows how to use I2C controller to implement the protocol of EEPROM random read.

STATUS=0x08

STATUS=0x18
A 4 A 4
s . T2CDAT o ACK = T2CDAT
d (SLA+W) ” P (ROM address high byte)
A A A
- T2CDAT=ROM address high byte
T2CDAT=SLA+W
(STA, STO, ST, A))=(1,0,1,%)  (STA, ST, SI, AA)=(0, 0, 1, x) (STA, STO, ST, AR)=(0, 0, 1, x)
STATUS=0x20 i
A 4 A 4
w| NAK » P
» Ll
(STA, STO, ST, AA)=(0,1, 1, )
STATUS=0x28 STATUS=0x28
v v
T2CDAT
ACK ACK
> > (ROM address low byte) >
A
T2CDAT=ROM address low byte
(STA, STO, ST, AA)=(1,0, 1, x) (STA, STO, SI, AA)=(0, 0, 1, x)
STATUS=0x30 STATUS=0xF8
A 4 A\ 4
»| NAK »| P
L L
(STA, STO, SI, AA)=(0, 1, 1, %)
STATUS=0x10 - STATUS=0x58 STATUS=0xF8
\ 4 \ 4 Read I12Cdat to get data Wy \ 4
T2CDAT 12CDAT
Sr ACK NAK P
> > (SLA+R) > »  (Data)
A A A
T2CDAT=SLA+R -
(STA, STO, SL, AD=(1,0,1,X)  (STA, S10, ST, AD=(0, 0, 1, x) (S1A, S10,SL, AM=(0,0,1,0) (g7, ST0, ST, AA)=(0, 1, 1, x)
STATUS=0x48
STATUS=0xF8
A 4 \ 4
»| NAK » P
> Ll

(STA, ST, SI, AA)=(0,1, 1, x)

Figure 4-86 Protocol of EEPROM Random Read

The 12C controller sends START to bus to be a master. Then it sends a SLA+W (Slave address +
Write bit) to EERPOM followed by two bytes data address to set the EEPROM address to read.
Finally, a Repeat START followed by SLA+R is sent to read the data from EEPROM.

4.12.6 12C Register Map

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

‘ Register ‘ Offset ‘ R/W Description Reset Value
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I12C Base Address:
12C0_BA = 0x4000_0000

12C_CTL 12C0_BA+0x00 | R/W 12C Control Register 0x0000_0000
12C_DAT 12C0_BA+0x08 | R/'W 12C DATA Register 0x0000_OOFF
12C_STATUS 12C0_BA+0x0C | R 12C Status Register 0x0000_O0F8
12C_CLKDIV 12C0_BA+0x10 | R/'W 12C Clock Divided Register 0x0000_0004
12C_TOCTL 12C0_BA+0x14 | R/'W 12C Time-out Control Register 0x0000_0000
12C_ADDRO 12C0_BA+0x04 | R/'W 12C Slave Address Register 0 0x0000_0000
12C_ADDRI1 12C0_BA+0x18 | R/'W 12C Slave Address Register 1 0x0000_0000
12C_ADDR2 12C0_BA+0x1C | R/'W 12C Slave Address Register 2 0x0000_0000
12C_ADDR3 12C0_BA+0x20 | R/'W 12C Slave Address Register 3 0x0000_0000
12C_ADDRMSKO 12C0_BA+0x24 | R/'W 12C Slave Address Mask Register 0 0x0000_0000
12C_ADDRMSKI1 12C0_BA+0x28 | R/'W 12C Slave Address Mask Register 1 0x0000_0000
12C_ADDRMSK?2 [12C0_BA+0x2C | R/'W 12C Slave Address Mask Register 2 0x0000_0000
12C_ADDRMSK3 [12C0_BA+0x30 | R/'W 12C Slave Address Mask Register 3 0x0000 0000
12C CTL1 [12C0_BA+0x3C | R/'W 12C Control Register 1 0x0000_0000
12C_STATUSI1 [12C0_ BA+0x40 | R/W 12C Status Register 1 0x0000_0000

4.12.7 12C Register Description

4.12.7.1 12C Control Register (I12C_CTL)

Register

Offset

R/W Description Reset Value

12C_CTL

12C0_BA+0x00

R/W

12C Control Register 0x0000_0000

Bits

Description

[31:8]

Reserved

Reserved.

[7]

INTEN

Interrupt Enable Bit
0 = I12C interrupt Disabled.
1 =12C interrupt Enabled.

12CEN

12C Controller Enable Bit

0 =12C Controller Disabled.

1 =12C Controller Enabled.

Set to enable 12C serial function controller. When I2CEN=1 the I12C serial function enables. The

function of multi-function pin must be set to I2C first.

STA

12C START Control Bit
Set STA to logic 1 to enter Master mode. 12C hardware sends a START or repeats the START

condition to bus when the bus is free.

STO

12C STOP Control Bit

In Master mode, setting STO to transmit a STOP condition to bus then I2C hardware will check
the bus condition if a STOP condition is detected this bit will be cleared by hardware automatically.
In Slave mode, setting STO resets I12C hardware to the defined “not addressed” Slave mode. This
means it is NO LONGER in the Slave receiver mode to receive data from the master transmit

device.
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[3] SI 12C Interrupt Flag
When a new 12C state is present in the I2C_STATUS register, the SI flag is set by hardware, and if
bit INTEN (I2C_CTL[7]) is set, the [2C interrupt is requested. SI must be cleared by software. This
bit can be cleared by software writing ‘1°.

[2] AA Assert Acknowledge Control Bit
When AA=1 is prior to address or data received, an acknowledged (low level to SDA) will be
returned during the acknowledge clock pulse on the SCL line when 1.) A slave is acknowledging
the address sent from master, 2.) The receiver devices are acknowledging the data sent by trans-
mitter. When AA=0 prior to address or data received, a Not acknowledged (high level to SDA) will
be returned during the acknowledge clock pulse on the SCL line.

[1:0] | Reserved Reserved.

4.12.7.2 12C Data Register (I2C_DAT)

Register Offset R/W Description Reset Value
12C_DAT 12C0_BA+0x08 R/W 12C DATA Register 0x0000_OOFF
Bits Description
[31:8] | Reserved Reserved.
[7:0] | DAT[7:0] 12C Data Register

Bit [7:0] is located with the 8-bit transferred data of the 12C serial port.

4.12.7.3 12C Status Register (I2C_STATUS)

Register Offset R/W Description Reset Value
12C_STATUS 12C0_BA+0x0C R 12C Status Register 0x0000_O00OF8
Bits Description

[31:8] | Reserved Reserved.

[7:0] STATUSJ[7:0] | I2C Status Register

The three least significant bits are always 0. The five most significant bits contain the status
code. There are 26 possible status codes. When I2C_STATUS contains F8H, no serial interrupt
is requested. All the other [2C_STATUS values correspond to defined I12C states. When each of
these states is entered, a status interrupt is requested (SI = 1). A valid status code is present in
12C_STATUS one cycle after SI is set by hardware and is still present one cycle after SI has
been reset by software. In addition, the states 00H stands for a Bus Error. A Bus Error occurs
when a START or STOP condition is present at an illegal position in the formation frame. Ex-

amples of illegal position are during the serial transfer of an address byte, a data byte or an

acknowledge bit.

4.12.7.4 12C Clock Divided Register (I12C_CLKDIV)

Register

Offset R/W | Description Reset Value

12C_CLKDIV

12C0_BA+0x10 R/W | I2C Clock Divided Register 0x0000_0004
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Bits Description
[31:8] | Reserved Reserved.
[7:0] DI- 12C Clock Divided Register
VIDER[7:0] The I2C clock rate bits: Data Baud Rate of I12C = (system clock) / (4* (I12C_CLKDIV+1)).
Note: The minimum value of [2C_CLKDIV is 4.

4.12.7.5 12C Time-out Control Register (I2C_TOCTL)

Register

Offset

R/W Description Reset Value

12C_TOCTL

12C0 BA+0x14

R/W 12C Time-out Control Register 0x0000_0000

Bits

Description

[31:3]

Reserved

Reserved.

(2]

TOCEN

Time-out Counter Enable Bit

0 = Time-out counter Disabled.

1 = Time-out counter Enabled.

Note: When the 14-bit time-out counter is enabled, it will start counting when SI is cleared. Set-

ting 1 to the SI flag will reset counter and re-start up_counting after SI is cleared.

(1]

TOCURIEN

Time-out Counter Input Clock Divided By 4
0 = Time-out counter input clock divided by 4 Disabled.
1 = Time-out counter input clock divided by 4 Enabled.

Note: When enabled, the time-out period is extended 4 times.

TOIF

Time-out Flag
This bit is set by hardware when I2C time-out happened and it can interrupt CPU if 12C interrupt
enable bit (INTEN) is set to 1.

Note: This bit can be cleared by software writing “1°.

4.12.7.6 12C Slave Address Register (I2C_ADDRYX)

Register Offset R/W Description Reset Value
12C_ADDRO 12C0_BA+0x04 R/W 12C Slave Address Register 0 0x0000_0000
12C_ADDRI1 12C0_BA+0x18 R/W 12C Slave Address Register 1 0x0000_0000
12C_ADDR2 12C0_BA+0x1C | R/'W 12C Slave Address Register 2 0x0000_0000
12C_ADDR3 12C0_BA+0x20 R/W 12C Slave Address Register 3 0x0000_0000
Bits Description
[31:8] | Reserved Reserved.
[7:1] ADDR[7:1] | I2C Address
The content of this register is irrelevant when 12C is in Master mode. In Slave mode, the seven
most significant bits must be loaded with the MCU’s own address. The 12C hardware will react
if either of the address is matched.
[0] GC General Call Function Control
0 = General Call Function Disabled.
1 = General Call Function Enabled.
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4.12.7.7 12C Slave Address Mask Register (I2C_ADDRMSKYX)

Register Offset R/W Description Reset Value
12C_ ADDRMSKO 12C0_BA+0x24 R/W 12C Slave Address Mask Register 0 0x0000_0000
12C_ADDRMSKI1 12C0_BA+0x28 R/W 12C Slave Address Mask Register 1 0x0000_0000
12C_ADDRMSK2 12C0_ BA+0x2C | R/'W 12C Slave Address Mask Register 2 0x0000_0000
12C_ADDRMSK3 12C0_BA+0x30 R/W 12C Slave Address Mask Register 3 0x0000_0000
Bits Description

[31:8] | Reserved Reserved.

[7:1] ADDRMSK][7:1] 12C Address Mask Bits

0 = 12C address mask Disabled (the received corresponding register bit should be exactly
the same as address register).

1 =12C address mask Enabled (the received corresponding address bit is “Don’t care™).

[0] Reserved

Reserved.

4.12.7.8 12C Control Register 1 (I2C_CTL1)

Register Offset R/W Description Reset Value
12C CTL1 12C0_BA+0x3C R/W 12C Control Register 1 0x0000 0000
Bits Description
[31:3] | Reserved Reserved.
[2] NSTRETCH | No Stretch On The 12C Bus
0 =The I12C SCL bus is stretched by hardware if the SI is not cleared in slave mode.
1 = The 12C SCL bus is not stretched by hardware if the SI is not cleared in slave mode.
[1] Reserved Reserved.
[0] WKEN Wake-up Enable Bit
0 = 12C wake-up function Disabled.
1 = 12C wake-up function Enabled.
The system can be woken up by I12C bus when the system is set into Power mode and the
received data matched one of the addresses in Address Register.

4.12.7.9 12C Status Register 1 (12C_STATUS1)

Register Offset R/W Description Reset Value
12C_STATUSI 12C0_BA+0x40 R/W 12C Status Register 1 | 0x0000_0000
Bits Description

[31:1] | Reserved Reserved.

[0] WKIF 12C Wake-up Interrupt Flag

When chip is woken up from Power-down mode by 12C, this bit is set to 1. This bit can be cleared

by software writing “1”’.
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4.13 Serial Peripheral Interface (SPI)

4.13.1 Overview

The PAN2025 provides two channels of Serial Peripheral Interface (SPI). The SPI applies to syn-
chronous serial data communication and allows full duplex transfer. Devices communicate in Mas-
ter/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.

4.13.2 Features

Supports Master or Slave mode operation
Configurable transfer bit length

Provides one 32-bit FIFO buffer
Supports MSB first or LSB first transfer

4.13.3 Block Diagram

> Clock generator > 4_>|:| SPT CLK
— »| Status/control 4—>| SPI_SS
B register
i . N «—>[ [T MosT
APB <
Interface Core Logic E > PA? /IgUX
Control 3 > <« |spruso

» TX Buffer
»

RX Buffer

A
r=|1—— - | 1

Figure 4-87 SPI Block Diagram

4.13.4 Basic Configuration

The SPI pin functions are configured in SYS PO _MFP, SYS P1 MFP, SYS P2 MFP and
SYS_P5_MFP register. The SPIO peripheral clock can be enabled in CLK_APB1_EN[1].

4.13.5 Functional Description

4.13.5.1 Terminology
SPI Peripheral Clock and Serial Bus Clock

The SPI controller needs the SPI peripheral clock to drive the SPI logic unit to perform the data
transfer. The SPI bus clock is the clock presented on SPI_CLK pin. The SPI peripheral clock fre-
quency is determined by the settings of clock source, and clock divisor (SP1_CLKDIV[7:0]). The
DIVIDER setting of SPI_CLKDIV register determines the divisor of the clock rate calculation.
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In SPI Master mode, the SPI peripheral clock is equal to the SPI bus clock.

In SPI Slave mode, the SPI bus clock is provided by an off-chip master device. The SPI peripheral
clock frequency of slave device must be faster than the bus clock frequency of the master device
connected together. The frequency of SPI peripheral clock cannot be faster than the APB clock
frequency regardless of Master mode or Slave mode

Master/Slave Mode

The SPI controller can be set as Master or Slave mode by setting the SLAVE bit (SP1_CTL[18]) to
communicate with the off-chip SP1 slave or master device. The application block diagrams in Master
and Slave mode are shown in Figure 4-88 and Figure 4-89.

SPI_CLK »| SCLK
SPI SPT_MISO |« MOST
Control Slave
Master SPI_MOSI » MISO
SPI_SS » SS

Figure 4-88 SPI Master Mode Application Block Diagram

SPI_CLK » SCLK
SPI SPI_MOSI [« MISO
Control Master
Slave SPI_MISO » MOSI
SPI SS » SS

Figure 4-89 SPI Slave Mode Application Block Diagram

Clock Polarity

The CLKPOL bit (SPI_CTL[11]) defines the bus clock idle state. If CLKPOL = 1, the output
SP1_CLK is high at idle state; otherwise it is at low if CLKPOL = 0.

Transmit/Receive Bit Length

The bit length of a transaction word is defined in DWIDTH bit field (SPI_CTL[7:3]). It can be
configured up to 32-bit length in a transaction word to transmitting and receiving.
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Figure 4-90 32 Bits in One Transaction
LSB/MSB First

The LSB bit (SPI_CTL[10]) de7-1fines the data transmission either from LSB or MSB firstly to
start to transmit/receive data.

Transmit Edge

The TXNEG bit (SP1_CTL][2]) defines the data transmitted out either on negative-edge or on posi-
tive-edge of serial clock SPI_CLK.

Receive Edge

The RXNEG bit (SP1_CTL][1]) defines the data received in either on negative-edge or on positive-
edge of serial clock SPI_CLK.

Note: the settings of TXNEG and RXNEG are mutual exclusive. In other words, do not transmit
and receive data on the same clock edge.

Slave Selection

In Master mode, the SPI controller can drive one off-chip slave device through the slave select
output pin SPI_SS. In Slave mode, the off-chip master device drives the slave select signal from the
SPI_SS input pin to the SPI controller. In Master/Slave mode, the active state of slave selected signal
can be programmed to low active or high active in SSACTPOL bit (SPI_SSCTL[2]). The selection
of trigger condition depends on what type of peripheral slave/master device is connected.

In Slave mode, number of received bits meet the requirement which defined in DWIDTH
(SP1_CTL]7:3]) among one transaction done (the transaction done means the unit transfer interrupt
flag is set to 1 when the slave select signal is inactivated or the SPI controller finishes one data
transfer).

Level-trigger / Edge-trigger

In Slave mode, the slave select signal can be configured as level-trigger or edge-trigger. In edge-
trigger, the data transfer starts from an active edge of the slave select signal and ends on an inactive
edge of the slave select signal. The unit-transfer interrupt flag UNITIF (SP1_CTL[16]) will be set
to 1 as an inactive edge is detected. If master does not send an inactive edge to slave, the transfer
procedure will not be completed and the unit-transfer interrupt flag of slave will not be set. In level-
trigger, the unit-transfer interrupt flag of slave will be set when one of the following two conditions
occurs. The first condition is that if the number of transferred bit matches the settings of DWIDTH
(SP1_CTL[7:3]), the unit-transfer interrupt flag of slave will be set. The second condition, if master
set the slave select pin to inactive level during the transfer in progress, it will force slave device to
terminate the current transfer no matter how many bits have been transferred and the unit-transfer
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interrupt flag will be set.

4.13.5.2 Automatic Slave Select

In Master mode, if the bit AUTOSS (SPI_SSCTL]3]) is set, the slave select signal will be generated
automatically and output to SPI_SS pin according to SS (SPI_SSCTL][0]) whether enabled or not.
It means that the slave select signal, which is enabled in SS (SPI_SSCTL[O0], is asserted by the SPI
controller when transmit/receive is started by setting the SPIEN bit (SP1_CTL][0]) and is de-asserted
after the data transfer is finished. If the AUTOSS bit is cleared, the slave select output signal will
be asserted and de-asserted by manual setting and clearing the related bit in SS (SP1_SSCTL][0]).
The active level of the slave select output signal is specified in SSACTPOL bit (SPI_SSCTL[2]).

4.13.5.3 Interrupt

SPI unit-transfer interrupt

As the SPI controller finishes a unit transfer, the unit transfer interrupt flag UNITIF (SPI1_CTL[16])
will be set to 1. The unit transfer interrupt event will generate an interrupt to CPU if the unit transfer
interrupt enable bit UNITIEN (SPI_CTL[17]) is set. The unit transfer interrupt flag can be cleared
only by writing 1 to it.

SPI Slave Select Inactive Interrupt

If the SPI Slave Select from act from active to inactive, the slave select inactive flag SSINATF
(SP1_SLVCTL[17]) will be set to 1. The slave select inactive interrupt flag SSINATIF
(SP1_SLVCTL[18]) will be set if the slave select inactive interrupt enable bit SSINAIEN
(SP1_SLVCTL [16]) is set. SSINATF and SSINATIF can be cleared only by writing 1 to it.

SPI Read Overrun Interrupt

If the previous received data (SPI_RX) is not read by CPU before the new data is received, the
RXOVIF will set to 1and generate an interrupt to CPU when RXOVIEN is set. RXOVIF can be
cleared only by writing 1 to it.

4.13.6 Timing Diagram

The active state of slave select signal can be defined by the settings of SSACTPOL bit
(SP1_SSCTL[2]). The serial clock (SPI_CLK) idle state can be configured as high state or low state
by setting the CLKPOL bit (SPI_CTL[11]). It also provides the bit length of a transaction word in
DWIDTH (SPI CTL[7:3]), and transmit/receive data from MSB or LSB first in LSB bit
(SPI_CTLJ[10]). User also can select which edge of bus clock to transmit/receive data in
TXNEG/RXNEG (SPI_CTL[2:1]). Four SPI timing diagrams for master/slave operations and the
related settings are shown below.
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Figure 4-94 SPI Timing in Slave Mode (Alternate Phase of SPI_CLK)

Example 1: SPI controller is set as a master to access an off-chip slave device with following spec-
ifications:

® Data bit is latched at positive-edge of bus clock

Data bit is driven at negative-edge of bus clock

Data bit is transferred from MSB first

Data width is 8 bits

SPI_CLK is low at idle state

Only one byte data is transmitted/received in a transaction

Connect with an off-chip slave device. Slave select signal is active low
The operation flow is described follows.

1) Set the DIVIDER (SP1_CLKDIV[7:0]) to determine the output frequency of bus clock.
2) Write the related settings into the SP1_CTL register to control this SPI master actions

1. Set this SPI controller as master device in SLAVE bit (SP1_CTL[18] = 0)

2. Force the serial clock low at idle state in CLKPOL bit (SPI_CTL[11] = 0)

3. Select data transmitted at negative edge of bus clock in TXNEG bit (SPI_CTL[2] = 1)
4. Select data latched at positive edge of bus clock in RXNEG bit (SPI_CTL[1] = 0)

5. Set the bit length of word transfer as 8-bit in DWIDTH bit field (SPI1_CTL[7:3] = 0x08)
6. Set MSB transfer first in LSB bit (SP1_CTL[10] = 0)

3) Write the SP1_SSCTL register a proper value for the related settings of Master mode.

1. Clear the Automatic Slave Select bit AUTOSS (SP1_SSCTL[3] = 0).
Select low level trigger output of slave select signal in the Slave Select Active Level control
bit, SSACTPOL (SPI_SSCTL[2] = 0).
2. Set the slave select signal to be active by setting the Slave Select control bit SS
(SP1_SSCTL]Q]) to active the off-chip slave device.

4) If this SPI master attempts to transmit (write) one byte data to the off-chip slave device, write the
byte data that will be transmitted into the SP1_TX register.

5) If this SP1 master just only attempts to receive (read) one byte data from the off-chip slave device
and does not care what data will be transmitted, the software does not need to update the SPI_TX
register.
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6) Set the SPIEN bit (SP1_CTL][0] = 1) to start the data transfer on the SPI interface.

7) Waiting for SPI interrupt (if the Unit-Transfer Interrupt Enable UNITIEN bit (SPI_CTL[17]) is
set) or just polling the SPIEN bit (SP1_CTL][O]) till it is cleared to 0 by hardware automatically.

8) Read out the received one byte data from SP1_RX[7:0].

9) Go to 4) to continue another data transfer or set SS bit (SPI_SSCTL [0]) to O to inactivate the off-
chip slave device.

Example 2: The SPI controller is set as a slave device that is connected by an off-chip master device.
The off-chip master device communicates with the on-chip SPI slave controller through the SPI
interface with the following specifications:

® Data bit is latched at positive-edge of bus clock

Data bit is driven at negative-edge of bus clock

Data bit is transferred from LSB first

Data width is 8 bits

SPI_CLK is high at idles state

Only one byte data is transmitted/received in a transaction
Slave select signal is high level trigger

The operation flow is as follows.

1) Write the SPI_SSCTL register a proper value for the related settings of Slave mode.

2) Select high level and level trigger for the input of slave select signal by setting the Slave Select
Active Level control bit SSACTPOL (SPI_SSCTL[2]=1)

3) Write the related settings into the SPI CTL register to control this SPI slave actions

1. Set this SPI controller as slave device in SLAVE bit (SPI_ CTL[18] = 1)

2. Select the serial clock as high at idle state in CLKPOL bit (SPI_CTL[11]=1)

3. Select data transmitted at negative-edge of serial clock in TXNEG bit (SPI_CTL[2]=1)
4. Select data latched at positive-edge of serial clock in RXNEG bit (SPI_CTL[1] =0)

5. Set the bit length of word transfer as 8 bits in DWIDTH bit field (SPI_CTL[7:3] = 0x08)
6. Set LSB transfer first in LSB bit (SPI_ CTL[10]=1)

4) If this SPI slave attempts to transmit (be read) one byte data to the off-chip master device, write
the byte data that will be transmitted into the SPI TX register.

5) If this SPI slave just only attempts to receive (be written) one byte data from the off-chip master
device and does not care what data will be transmitted, the SPI_TX does not need to be updated by
software.

6) Set the SPIEN bit (SPI_CTL[0] = 1) to wait for the slave select trigger input and bus clock input
from the off-chip master device to start the data transfer on the SPI interface.

7) Waiting for SPI interrupt (if the Unit-Transfer Interrupt Enable UNITIEN bit (SPI_ CTL[17]) is
set) or just polling the SPIEN bit (SPI_CTL[0]) until it is cleared to 0 by hardware automatically.

8) Read out the received one byte data from SPI RX[7:0].
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9) Go to 4) to continue another data transfer or clear the SPIEN bit (SPI_ CTL[0]) to stop data trans-
fer.

4.13.7 SPI Register Map
R: read only, W: write only, R/W: both read and write

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

SPI10_BA = 0x4000_1000

SPI_CTL SPI0_BA+0x00 R/W SPI Control and Status Register 0x0000_0004
SPI_CLKDIV SPI0_BA+0x04 R/W SPI Clock Divider Register 0x0000 0001
SPI SSCTL SPI0_BA+0x08 R/W SPI Slave Select Register 0x0000_0000
SPI RX SPI0_BA+0x10 R SPI Data Receive Register 0x0000_0000
SPI TX SPI0_BA+0x20 w SPI Data Transmit Register 0x0000_0000
SPI SILVCTL SPI0_BA+0x3C R/W SPI Slave Control and Status Register 0x0002_0000
SPI_FIFOCTL SPI0_BA+0x40 R/W SPI FIFO Control Register 0x0000_0000
SPI_STATUS SPI0_BA+0x44 R/W SPI Status Register 0x0002_0000

4.13.8 SPI Register Description
4.13.8.1 SPI Control and Status Register (SPI_CTL)

Register Offset R/W Description Reset Value
SPI CTL SPI0_BA+0x00 | R/W SPI Control and Status Register 0x0000_0004
Bits Description
[31:19] Reserved Reserved.
[18] SLAVE Slave Mode Control
0 = Master mode.
1 = Slave mode.
[17] UNITIEN Unit-transfer Interrupt Enable Bit
0 = SPI unit-transfer interrupt Disabled.
1 = SPI unit-transfer interrupt Enabled.
[16] UNITIF Unit-transfer Interrupt Flag
0 = The transfer does not finish yet.
1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_STATUS[16].
[15:12]. Reserved Reserved
[11] CLKPOL Clock Polarity
0=SPI CLK idle low.
1 =SPI CLK idle high.
[10] LSB LSB First
0 = The MSB is transmitted/received first.
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1 = The LSB is transmitted/received first.

(]

Reserved

Reserved.

(8]

UNITF

Unit-transfer Flag

0 = The transfer does not finish yet.

1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_STATUSJ8].

[7:3]

DWIDTH

Transmit Bit Length

This field specifies how many bits are transmitted in one transmit/receive. The minimum bit
length is 8 bits and can up to 32 bits.

DWIDTH = 0x01~0x07 .... reserved (can’t use).

DWIDTH = 0x08 .... 8 bits.

DWIDTH = 0x09 .... 9 bits.

DWIDTH = 0x1F .... 31 bits.

DWIDTH = 0x00 .... 32 bits.

(2]

TXNEG

Transmit On Negative Edge
0 = The transmitted data output signal is driven on the rising-edge of SPI_CLK.
1 = The transmitted data output signal is driven on the falling-edge of SPI CLK.

(1]

RXNEG

Receive On Negative Edge
0 = The received data input signal latched on the rising-edge of SPI_CLK.
1 = The received data input signal latched on the falling-edge of SPI_CLK.

SPIEN

SPI Transfer Control Bit And Busy Status

During the data transfer, this bit keeps the value of 1. As the transfer is finished, this bit will
be cleared automatically.

0 = No data transfer

1 = In Master mode, writing 1 to this bit to start the SPI data transfer; in Slave mode, writing
1 to this bit indicates that the slave is ready to communicate with a master.

Note 1: All configurations should be ready before writing 1 to the SPIEN bit.

Note 2: In SPI Slave mode, if the SPI bus clock is kept at idle state during a data transfer, the

SPIEN bit will be cleared to 0 when slave select signal goes to inactive state.

4.13.8.2 SPI Clock Divider Register (SPI_CLKDIV)

Register Offset R/W Description Reset Value
SPI CLKDIV | SPI0_ BA+0x04 | R/W SPI Clock Divider Register 0x0000_0001
Bits Description

[31:8] | Reserved Reserved.
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[7:0]

DIVIDER

Clock Divider Register (Master Only)
The value in this field is the frequency divider to determine the SPI peripheral clock frequency
fspi, and the SPI master’s bus clock frequency on the SPI_CLK output pin. The frequency is

obtained according to the following equation:

/.

— :fS‘PI_dark_.src
J i (DIVIDER+1)*2

£ SPI clock_sre 18 the SPI peripheral clock source.

4.13.8.3 SPI Slave Select Register (SPI_SSCTL)

Register Offset R/W Description Reset Value
SPI_SSCTL SPI0_BA+0x08 R/W SPI Slave Select Register 0x0000_0000
Bits Description
[31:4] | Reserved Reserved.
[3] AUTOSS Automatic Slave Selection Function Enable Bit (Master Only)
0 = SPI_SS pin signal will be asserted/de-asserted by setting /clearing SS bit.
1 =SPI SS pin signal will be generated automatically by hardware, which means that slave select
signal will be asserted by the SPI controller when transmit/receive is started by setting SPIEN,
and will be de-asserted after each transmit/receive is finished.
[2] SSACTPOL | Slave Select Active Level (Slave Only)
It defines the active status of slave select signal (SPI_SS).
0 = The slave select signal SPI_SS is active at low-level.
1 = The slave select signal SP1_SS is active at high-level.
[1] Reserved Reserved.
[0] SS Slave Select Control Bits (Master Only)
If AUTOSS bit is 0,
0 = Set the SPI_SS line to inactive state.
1 = Set the SPI_SS line to active state.
If AUTOSS bitis 1,
0 =Keep the SPI_SS line at inactive state.
1 = Select the SPI_SS line to be automatically driven to active state for the duration of transmis-
sion/reception, and will be driven to inactive state for the rest of the time. The active state of
SPI_SS is specified in SSACTPOL bit.

4.13.8.4 SPI Data Receive Register (SPI_RX)

Register Offset R/W Description Reset Value
SPI RX SPI0 BA+0x10 | R SPI Data Receive Register 0x0000_0000
Bits Description
[31:0] | RX Data Receive Register (Read Only)
The Data Receive Register holds the value of received data of the last executed transfer. Valid
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bits depend on the transmit bit length field DWIDTH in the SPI_CTL register.
For example, if DWIDTH is set to 0x08, the bit field RX[7:0] holds the received data. The values

of the other bits are unknown. The Data Receive Register is read-only register.

4.13.8.5 SPI Data Transmit Register (SPI_TX)

Register Offset R/W Description Reset Value
SPI TX SPI0 BA+0x20 | R/'W SPI Data Transmit Register 0x0000_0000
Bits Description

[31:0] | TX Data Transmit Register

The Data Transmit Register holds the data to be transmitted in the next transfer. Valid bits depend
on the transmit bit length field DWIDTH in the SPI_CTL register.
For example, if DWIDTH is set to 0x08, the bit filed TX[7:0] will be transmitted in next transfer.

4.13.8.6 SPI Slave Control and Status Register (SPI_SLVCTL)

Register Offset R/W Description Reset Value
SPI SLVCTL | SPI0_BA+0x3C | R‘'W SPI Slave Control and Status Register 0x0002_0000
Bits Description
[31:19] | Reserved Reserved.
[18] SSINATIF | Slave Select Inactive Interrupt Flag
0 = Slave Select Inactive does not checked yet.
1 = Slave Select Inactive does checked.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_STATUS[18].
[17] SSINATF Slave Select Inactive Flag
0 = Slave Select Inactive does not checked yet.
1 = Slave Select Inactive does checked.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_STATUS[17].
[16] SSINAIEN | Slave Select Inactive Interrupt Option (Master/Slave)
0 = As the slave select signal goes to inactive level, the IF bit will NOT be set to 1.
1 = As the slave select signal goes to inactive level, the IF bit will be set to 1.
[15:0] | Reserved Reserved.

4.13.8.7 SPI FIFO Control Register (SPI_FIFOCTL)

Register Offset R/W Description Reset Value
SPI FIFOCTL | SPI0O_ BA+0x40 R/W SPI FIFO Control Register 0x0000_0000
Bits Description

[31:7] Reserved Reserved.

[6] RXOVIEN Receive Data Overrun Interrupt Enable Bit
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0 = Receive Data overrun interrupt Disabled.

1 = Receive Data overrun interrupt Enabled.

[5:0] Reserved Reserved.

4.13.8.8 SPI Status Register (SPI_STATUS)

Register Offset R/W Description Reset Value
SPI_STATUS SPI0_BA+0x44 R/W SPI Status Register 0x0002_0000
Bits Description

[31:19] | Reserved Reserved.

[18] SSINATIF Slave Select Inactive Interrupt Flag

0 = Slave Select Inactive does not checked yet.

1 = Slave Select Inactive does checked.

Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI SLVCTL[18].

[17] SSINATF Slave Select Inactive Flag

0 = Slave Select Inactive does not checked yet.

1 = Slave Select Inactive does checked.

Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI SLVCTL[17].

[16] UNITIF SPI Unit-transfer Interrupt Flag

0 = The transfer does not finish yet.

1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_CTL[16].

[15:9] | Reserved Reserved.

[8] UNITF Unit-transfer Flag

0 = The transfer does not finish yet.

1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It’s a mutual mirror bit of SPI_CTL[8].

[7:3] Reserved Reserved.

[2] RXOVIF Receive Data Overrun Status

If the previous received data (SPI_RX) is not read by CPU before the new data is received, the
RXOVIF will set to 1and generate an interrupt to CPU when RXOVIEN is set.

0 = No overrun happen.

1 = Overrun happen.

Note: This bit will be cleared by writing 1 to itself.

[1:0] Reserved Reserved.
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4.14 Analog-to-Digital Converter (ADC)
4.14.1 Overview

The PAN2025 contains one 12-bit successive approximation analog-to-digital converters (SAR A/D
converter) with nine input channels. The A/D converters can be started by software, external pin
(STADC/P3.2) or PWM trigger.

4.14.2 Features

® Two selectable analog input voltage ranges:
B 0~ 2V, with large measuring range and low precision, generated from bandgap output.
B 0~ VDD, with small measuring range and high precision.
B Inputrange <2V, 0 ~ 2V is recommended.
Input range > 2V, 0 ~ VDD is recommended for PAN2025BX and PAN2025BY .
® 12-bit resolution and 10-bit accuracy is guaranteed
® Up to eight single-end analog input channels, one bandgap input channel, one RSSI input chan-
nel, one GND check channel and one Voltage input channel.
® Maximum ADC clock frequency is 16 MHz, and 14 ADC clocks per sample
® Two operating modes
B Single mode: A/D conversion is performed once on a specified channel
B PWM sequence mode: When PWM triggers, two of the three ADC channels from 0 to 2
will automatically convert analog data in the sequence of channel [0,1] or channel[1,2] or
channel[0,2] defined by MODESEL (ADC_SEQCTL][3:2])
® An A/D conversion can be started by
B Software write 1 to SWTRG bit
B External pin STADC
B PWAM 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
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4.14.3 Block Diagram
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Figure 4-95 A/D Controller Block Diagram

4.14.4 Basic Configuration

The ADC pin functions are configured in SYS PO MFP, SYS P1 MFP, SYS P2 MFP,
SYS P3 MFPand SYS P5 MFP register. It is recommended to disable the digital input path of the
analog input pins to avoid the leakage current. User can disable the digital input path by configuring
PO_DINOFF, P1_DINOFF, P2 _DINOFF, P3_DINOFF and P5_DINOFF register.

The ADC peripheral clock can be enabled in adccken (CLK_APB1_EN[8]).

4.14.5 Functional Description

The A/D converter operates by successive approximation with 12-bit resolution. When changing the
analog input channel is enabled, in order to prevent incorrect operation, software must clear SWTRG
bit to 0 in the ADC_CTL register. The A/D converter discards the current conversion immediately
and enters idle state while SWTRG bit is cleared.
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4.14.5.1 ADC Operation

A/D conversion is performed only once on the specified single channel. The operation is as follows:

1. A/D conversion will be started when the SWTRG bit of ADC_CTL is set to 1 by software or
external trigger input.

2. When A/D conversion finished, the result is stored in the A/D data register.

3. The ADIF bit of ADC_STATUS register will be setto 1. If the ADCIEN bit of ADC_CTL register
is set to 1, the ADC interrupt will be asserted.

4. The SWTRG bit remains 1 during A/D conversion. When A/D conversion ends, the SWTRG bit
is automatically cleared to 0 and the A/D converter enters idle state.

5. Figure 4-96 shows an example timing diagram for Single mode.

Note: If software enables more than one channel, the channel with the smallest number will be
selected and the other enabled channels will be ignored.

1 N=0-1023  N+2 16+N

ADC DATx[11:0] >< ><:>C>< >< ADC_DATx[11:0]
ADCIF /

Figure 4-96 Single Mode Conversion Timing Diagram

4.14.5.2 External Trigger Input Sampling and A/D Conversion Time

A/D conversion can be triggered by external pin request. When the HWTRGEN (ADC_CTL[8]) bit
is set to 1 to enable ADC external trigger function, setting the HWTRGSEL (ADC_CTL[5:4]) bits
to 00b is to select external trigger input from the STADC pin. Software can set HWTRGCOND to
select trigger condition between falling or rising edge. An 8-bit sampling counter is used to deglitch.
If edge trigger condition is selected, the high and low state must be kept at least 4 SYS_CLK. Pulse
that is shorter than this specification will be ignored.

4.14.5.3 PWM Trigger

A/D conversion can also be triggered by PWM request. When the HWTRGEN is set to high to
enable ADC external hardware trigger function, setting the HWTRGSEL (ADC_CTL[5:4]) bits to
11b is to select external hardware trigger input source from PWM trigger. When PWM trigger is
enabled, setting DELAY (ADC_TRGDLY[7:0]) bits can insert a delay time between PWM trigger
condition and ADC start conversion.
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HWTRGSEL
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Figure 4-97 ADC Start Conversion Conditions

4.14.5.4 Conversion Result Monitor by Compare Mode Function

The PAN2025 ADC controller provides two compare registers, ADC_CMPO0 and ADC_CMP1, to
monitor maximum two specified channels. Software can select which channel to be monitored by
setting CMPCH (ADC_CMPx[5:0]). CMPCOND bit is used to determine the compare condition. If
CMPCOND bit is cleared to 0, the internal match counter will increase one when the conversion
result is less than the value specified in CMPDAT (ADC_CMPx[25:16]) ; if CMPCOND bit is set
to 1, the internal match counter will increase one when the conversion result is greater than or equal
to the value specified in CMPDAT[11:0]. When the conversion of the channel specified by CMPCH
is completed, the comparing action will be triggered one time automatically. When the compare
result meets the setting, compare match counter will increase 1, otherwise, the compare match coun-
ter will be clear to 0. When the match counter reaches the setting of (CMPMCNT+1) then
ADCMPIF bit will be set to 1, if ADCMPIE bit is set then an ADC_INT interrupt request is gener-
ated. Software can use it to monitor the external analog input pin voltage transition in scan mode
without imposing a load on software. Figure 4-98 show detailed logic diagram.

CMPCOND (ADC_CMPx[2])
CMPCH (ADC_CMPx [7:4]) }—» ~
‘ - Channel . CMPMCNT (ADC_CMPx[11:8])
Addr.
|GHANNEL (ADC_STATUS[7:4]) |- i
T RESULT<CMPDAT
A Em—
,,,,,,,,,,,,,,,,,,,,,,,,, ‘ 12-bit ADCMPFx (ADC_STATUS[2:1])
AINO , i compara lgiﬁﬁ?:i —>
B o/p | ADCDAT[11:0]|  tor | FESULTI-GHFDAS
. DC_] : —
' ~ | Analog | d
AINS | 8 macro | |
> o 3 Note:
b G (MPDAT=ADC_(MPx[27:16]
RESULT=ADC DAT[11:0]
| QUPDAT (ADC_OWPx[27:161)

Figure 4-98 A/D Conversion Result Monitor Logics Diagram

4.14.5.5 Interrupt Sources

There are three interrupt sources of ADC interrupt. When an ADC operation mode finishes its con-
version, the A/D conversion end flag, ADIF, will be set to 1. The ADCMPIFO and ADCMPIF1 are
the compare flags of compare function. When the conversion result meets the settings of
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ADC_CMPO0/1, the corresponding flag will be set to 1. When one of the flags, ADIF, ADCMPIFO
and ADCMPIF1, is set to 1 and the corresponding interrupt enable bit, ADCIEN of ADC_CTL and
ADCMPIE of ADC_CMPO0/1, is set to 1, the ADC interrupt will be asserted. Software can clear
these flags to revoke the interrupt request.

ADTIF (ADC_STATUS[0]) ——]
ADIEN (ADC CTLI[1])

:

ADCMPENO (ADC_CMPO[0])
ADCMPIEO (ADC_CMPO[1])

—\_\ ADC_INT )

C

ADCMPEN1 (ADC_CMP1[0])
ADCMPIE1 (ADC_CMP1[1])

)

Figure 4-99 A/D Controller Interrupt

4.14.5.6 Flag Sources

There are three flag sources of ADC conversion. When an ADC operation mode finishes its conver-
sion, the A/D conversion end flag, ADCF, will be set to 1. The ADCMPFO and ADCMPF1 are the
compare flags of compare function. When the conversion result meets the settings of ADC_CMPO0/1,
the corresponding flag will be setto 1. .

ADC Result in
RESULT[11:0] Note: Vref voltage
comes from VREF (AVpp)

1111_1111_1111 —
1111_1111_1110 =~

: =
1LSB=Vref/1024

0000_0000_0010 —

0000_0000_0001 —+ «

0000_0000_0000 } ) } >

1LSB Vref-1LSB
Single—end input voltage
Vin(V)

Figure 4-100 Conversion Result Mapping Diagram of ADC Single-end Input

4.14.5.7 PWM Sequential

Support sequential mode for 2 channels to reduce half interrupt frequency. When the SEQEN
(ADC_SEQCTL][O0]) is set to high to enable A/D PWM sequential function, setting the TRG1CTL
(ADC_SEQCTL[11:8]) and TRG2CTL (ADC_SEQCTL[19:16]) are to select external trigger input
from the PWM channel 0/2/4, type can be rising/center/falling/period, When ADC sequential mode
is enabled, two of three ADC channels from 0 to 2 will automatically convert analog data in the
sequence of channel [0, 1] or channel[1,2] or channel[0,2] defined by MODESEL (ADC_SE-
QCTL[3:2]). By the way, if SEQTYPE (ADC_SEQCTL][1]) is set to low, ADC delay time is only
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inserted before the first conversion. The second conversion starts immediately after the first conver-
sion is completed. (for 2/3- shunt type), if SEQTYPE (ADC_SEQCTL][1]) is set to high, ADC delay
time is inserted before each conversion. (for 1-shunt type), By the way, Valid ADC channel are
CHO0~2 in 2/3-shunt type, Valid ADC channel are CHO~8 in 1-shunt type, Figure 4-101 and Figure
4-102 show the function diagram.

i

PWMO ]ﬁi
I

PWM2 ]
|

PWM4 B

|
CHO

2 ADC triggers
without delay
CH1

CH2 ADC

Figure 4-101 ADC Sequential Mode Type is 2/3-shunt

PWMO I ! |
I

PWM2 .
|
|

PWM4 1

Shunt 4[“—[”7

current 2 ADC triggers without delay
to avoid transient value

CHx

ADC

Figure 4-102 ADC Sequential Mode Type is 1-shunt

4.14.6 ADC Register Map

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

Register | Offset | R/W | Description Reset Value
ADC Base Address:
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ADC_BA = 0x4000_5000
ADC_DAT ADC BA+0x00 | R A/D Data Register 0x0000 0000
ADC_CTL ADC BA+0x20 | R/'W | A/D Control Register 0x0000_0000
ADC_CHEN ADC BA+0x24 | R/W | A/D Channel Enable Register 0x0000_0000
ADC_CMPO ADC BA+0x28 | R/'W | A/D Compare Register 0 0x0000_0000
ADC CMP1 ADC BA+0x2C | R/'W | A/D Compare Register 1 0x0000_0000
ADC_STATUS ADC BA+0x30 | R/W | A/D Status Register 0x0000_0000
ADC TRGDLY ADC BA+0x44 | R/W | A/D Trigger Delay Control Register 0x0000_0000
ADC_EXTSMPT | ADC BA+0x48 | R/W [ A/D Sampling Time Counter Register 0x0000_0002
ADC _SEQCTL ADC BA+0x4C | R/'W | A/D PWM Sequential Mode Control Register 0x0000_0000
ADC SEQDATI1 | ADC BA+0x50 | R A/D PWM Sequential Mode First Result Register1 0x0000_0000
ADC _SEQDAT2 | ADC BA+0x54 | R A/D PWM Sequential Mode Second Result Register1 0x0000 0000
ADC CTL2 ADC BA+0x58 | R/W | A/D Control Register 2 0x0101_0000

4.14.7 ADC Register Description
4.14.7.1 ADC Data Register (ADC_DAT)

Register

Offset

R/W | Description

Reset Value

ADC_DAT

ADC_BA+0x00

R A/D Data Register

0x0000_0000

Bits

Description

[31:18] Reserved

Reserved.

[17] VALID

Valid Flag

This bit is set to 1 when ADC conversion is completed and cleared by hardware after the
ADC_DAT register is read.

0 = Data in RESULT[11:0] bits not valid.
1 = Data in RESULT[11:0] bits valid.

ov

Over Run Flag

If converted data in RESULT[11:0] has not been read before the new conversion result is loaded
to this register, OV is set to 1. It is cleared by hardware after the ADC_DAT register is read.

0 = Data in RESULT[11:0] is recent conversion result.
1 = Data in RESULT[11:0] overwrote.

[15:12] | Reserved

Reserved.

[11:0] | RESULT

A/D Conversion Result

This field contains conversion result of ADC.

4.14.7.2 ADC Control Register (ADC_CTL)

Register

Offset

R/W | Description

Reset Value

ADC_CTL

ADC_BA+0x20

R/W

A/D Control Register

0x0000_0000
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Bits Description
[31:12] | Reserved Reserved.
[11] SWTRG Software Trigger A/D Conversion Start
SWTRG bit can be set to 1 from two sources: software and external pin STADC. SWTRG
will be cleared to 0 by hardware automatically after conversion complete.
0 = Conversion stopped and A/D converter entered idle state.
1 = Conversion start.
[10:9] | Reserved Reserved.
[8] HWTRGEN Hardware External Trigger Enable Bit
Enable or disable triggering of A/D conversion by external STADC pin. If external trigger is
enabled, the SWTRG bit can be set to 1 by the selected hardware trigger source.
0= External trigger disabled.
1= External trigger enabled.
[7] Reserved Reserved.
[6] HWTRGCOND | Hardware External Trigger Condition

This bit decides whether the external pin STADC trigger event is falling or raising edge. The
signal must be kept at stable state at least 4 SYS CLK at high and low state for edge trigger.
0 = Falling edge.
1 = Raising edge.

[5:4] HWTRGSEL Hardware Trigger Source Select Bit

00 = A/D conversion is started by external STADC pin.

11 = A/D conversion is started by PWM trigger.

Others = Reserved.

Note: Software should disable TRGEN and SWTRG before change TRGS.

[3:2] Reserved Reserved.

[1] ADCIEN A/D Interrupt Enable Bit

A/D conversion end interrupt request is generated if ADCIEN bit is set to 1.
0 = A/D interrupt function disabled.

1 = A/D interrupt function enabled.

[0] ADCEN A/D Converter Enable Bit

0 = A/D Converter disabled.

1 = A/D Converter enabled.

Note: Before starting A/D conversion function, this bit should be set to 1. Clear it to 0 to

disable A/D converter analog circuit to save power consumption.

4.14.7.3 ADC Channel Enable Register (ADC_CHEN)

Register Offset R/W Description Reset Value
ADC CHEN | ADC BA+0x24 | R‘'W A/D Channel Enable Register 0x0000_0000
Bits Description

[31:13] | Reserved Reserved.

[12] CHENI12 Temperature check Enable Bit
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0 = Temperature check disabled.

1 = Temperature check enabled.

[11]

CHENI11

GND check Enable Bit
0 = GND check disabled.
1 = GND check enabled.

[10]

CHENI10

VDD/2 check Enable Bit
0 = VDD/2 check disabled.
1 = VDD/2 check enabled.

[9]

CHEN9

Bandgap check Enable Bit
0 = bandgap check disabled.
1 = bandgap check enabled.

(8]

CHENS

RSSI check Enable Bit
0 = RSSI check disabled.
1 = RSSI check enabled.

(7]

CHEN?7

Analog Input Channel 7 Enable Bit
0 = Channel 7 disabled.
1 = Channel 7 enabled.

(6]

CHENG6

Analog Input Channel 6 Enable Bit
0 = Channel 6 disabled.
1 = Channel 6 enabled.

[3]

CHENS

Analog Input Channel 5 Enable Bit
0 = Channel 5 disabled.
1 = Channel 5 enabled.

[4]

CHEN4

Analog Input Channel 4 Enable Bit
0 = Channel 4 disabled.
1 = Channel 4 enabled.

[3]

CHEN3

Analog Input Channel 3 Enable Bit
0 = Channel 3 disabled.
1 = Channel 3 enabled.

(2]

CHEN2

Analog Input Channel 2 Enable Bit
0 = Channel 2 disabled.
1 = Channel 2 enabled.

(1]

CHENI1

Analog Input Channel 1 Enable Bit
0 = Channel 1 disabled.
1 = Channel 1 enabled.

CHENO

Analog Input Channel 0 Enable Bit

0 = Channel 0 disabled.

1 = Channel 0 enabled.

Note: If software enables more than one channel, the channel with the smallest number will be

selected and the other enabled channels will be ignored.

4.14.7.4 A/D Compare Register 0/1 (ADC_CMP0/1)

‘ Register

‘ Offset

‘ R/W ‘ Description Reset Value
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ADC CMPO | ADC BA+0x28 R/W A/D Compare Register 0 0x0000_0000

ADC CMP1 | ADC BA+0x2C | R/'W A/D Compare Register 1 0x0000_0000

Bits Description

[31:28] | Reserved Reserved.

[27:16] | CMPDAT Comparison Data
The 12-bit data is used to compare with conversion result of specified channel.

[15:12] | Reserved Reserved.

[11:8] CMPMCNT | Compare Match Count
When the specified A/D channel analog conversion result matches the compare condition defined
by CMPCONDJ2], the internal match counter will increase 1. When the internal counter reaches
the value to (CMPMCNT+1), the ADCMPFx bit will be set.

[7] Reserved Reserved.

[6:3] CMPCH Compare Channel Selection
Set this field to select which channel’s result to be compared.
Note: Valid setting of this field is channel 0~7.

[2] CMPCOND | Compare Condition
0 = Set the compare condition as that when a 12-bit A/D conversion result is less than the 12-bit
CMPDAT (ADC_CMPx[25:16]), the internal match counter will increase one.
1 = Set the compare condition as that when a 12-bit A/D conversion result is greater or equal to
the 12-bit CMPDAT (ADC_CMPx[25:16]), the internal match counter will increase one.
Note: When the internal counter reaches the value to (CMPMCNT+1), the ADCMPFx bit will be
set.

[1] ADCMPIE | A/D Compare Interrupt Enable Bit
If the compare function is enabled and the compare condition matches the setting of CMPCOND
and CMPMCNT, ADCMPIE bit will be asserted, in the meanwhile, if ADCMPIE is set to 1, a
compare interrupt request is generated.
0 = Compare function interrupt Disabled.
1 = Compare function interrupt Enabled.

[0] ADCMPEN | A/D Compare Enable Bit
Set 1 to this bit to enable comparing CMPDAT (ADC_CMPx[25:16]) with specified channel
conversion results when converted data is loaded into the ADC_DAT register.
0 = Compare function Disabled.
1 = Compare function Enabled.

4.14.7.5 A/D Status Register (ADC_STATUS)

Register Offset R/W Description Reset Value
ADC STATUS | ADC BA+0x30 | R/W A/D Status Register 0x0000_0000
Bits Description

[31:27] | Reserved Reserved.

[26] ADCMPF1 | A/D Compare Flag 1
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When the selected channel A/D conversion result meets the setting condition in ADC_CMP1, this
bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC_CMP1 setting.

1 = Conversion result in ADC_DAT meets the ADC CMP1 setting.

Note: This bit can be cleared to 0 by software writing 1.

[25]

ADCMPFO0

A/D Compare Flag 0

When the selected channel A/D conversion result meets the setting condition in ADC_CMPO, this
bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC CMPO setting.

1 = Conversion result in ADC_DAT meets the ADC_CMPO setting.

Note: This bit can be cleared to 0 by software writing 1.

[24]

ADCF

A/D Conversion End Flag
A status flag that indicates the end of A/D conversion. ADIF is set to 1 When A/D conversion
ends.

Note: This bit can be cleared to 0 by software writing 1.

[23:17]

Reserved

Reserved.

[16]

ov

Overrun Flag (Read Only)
It is a mirror to OV bit in ADC_DAT register.

[15:9]

Reserved

Reserved.

(8]

VALID

Data Valid Flag (Read Only)
It is a mirror of VALID bit in ADC_DAT register.

[7:4]

CHANNEL

Current Conversion Channel (Read Only)
This filed reflects the current conversion channel when BUSY=1. When BUSY=0, it shows the

number of the next converted channel.

[3]

BUSY

BUSY/IDLE (Read Only)
This bit is mirror of as SWTRG bit in ADC_CTL
0 = A/D converter is in idle state.

1 = A/D converter is busy at conversion.

(2]

ADCMPIF1

A/D Compare Interrupt Flag 1

When the selected channel A/D conversion result meets the setting condition in ADC_CMP1, this
bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC_CMP1 setting.

1 = Conversion result in ADC_DAT meets the ADC_CMP1 setting.

Note: This bit can be cleared to 0 by software writing 1.

(1]

ADCMPIFO

A/D Compare Interrupt Flag 0

When the selected channel A/D conversion result meets the setting condition in ADC_CMPO, this
bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC_CMPO setting.

1 = Conversion result in ADC_DAT meets the ADC_CMPO setting.

Note: This bit can be cleared to 0 by software writing 1.

(0]

ADIF

A/D Conversion End Interrupt Flag
A status flag that indicates the end of A/D conversion. ADIF is set to 1 When A/D conversion

ends.
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Note: This bit can be cleared to 0 by software writing 1.

4.14.7.6 A/D Trigger Delay Controller Register (ADC_TRGDLY)

Register Offset R/W Description Reset Value
ADC TRGDLY | ADC BA+0x44 | R/'W A/D Trigger Delay Control Register 0x0000_0000
Bits Description
[31:8] | Reserved Reserved.
[7:0] DELAY PWM Trigger Delay Timer

Set this field will delay ADC start conversion time after PWM trigger.

PWM trigger delay time is (4 * DELAY) * system clock.

4.14.7.7 A/D Sampling Register (ADC_EXTSMPT)

Register Offset R/W Description Reset Value
ADC _EXTSMPT | ADC BA+0x48 | R‘'W A/D Sampling Time Counter Register 0x0000 0010
Bits Description

[31:5] | Reserved Reserved.

[4:0] EXTSMPT | Additional ADC Sample Clock

If the ADC input is unstable, user can set this register to increase the sampling time to get a stable
ADC input signal. The default sampling time is 2 ADC clocks. 1-16 ADC clock number will be
inserted to lengthen the sampling clock.

Set 0 will disable ADC

4.14.7.8 A/D PWM Sequential Register (ADC_SEQCTL)

Register

Offset R/W Description Reset Value

ADC_SE

QCTL | ADC _BA+0x4C R/W A/D PWM Sequential Mode Control Register | 0x0000 0000

Bits Description
[31:20] | Reserved Reserved.
[19:16] | TRG2CTL | PWM Trigger Source Selection For TRG2CTL[3:2]

00 = PWM Trigger source is PWMO0_CHO.

01 = PWM Trigger source is PWMO CH 2.

10 = PWM Trigger source is PWMO CH 4.

11 = PWM Trigger source is PWMO CH 6.
PWM Trigger Type Selection for TRG2CTL[1:0]
00 = Rising of the selected PWM.

01 = Center of the selected PWM.

10 = Falling of the selected PWM.

11 = Period of the selected PWM.
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Note: PWM trigger source is valid for 1-shunt type and 2/3-shunt type.
[15:12] | Reserved Reserved.

[11:8]

TRGICTL | PWM Trigger Source Selection For TRG1CTL[3:2]
00 = PWM Trigger source is PWMO CH 0.

01 = PWM Trigger source is PWMO0 CH 2.

10 = PWM Trigger source is PWMO0 CH 4.

11 = PWM Trigger source is PWMO CH 6.

PWM Trigger Type Selection for TRG1CTL[1:0]
00 = Rising of the selected PWM.

01 = Center of the selected PWM.

10 = Falling of the selected PWM.

11 = Period of the selected PWM.

Note: PWM trigger source is valid for 1-shunt and 2/3-shunt type.

[7:6] Reserved Reserved.

[5] TRG_SEL | TRGICTL or TRG2CTL select for 1-shunt sequential mode.
0 =using TRG1CTL to trigger sequential conversion;
1 = using TRG2CTL to trigger sequential conversion;

[4] DE- ADC delay time inserted before 2nd conversion.

LAY _EN 0 = ADC delay time only inserted before the 1st conversion;

1 = ADC delay time inserted before each conversion.

[3:2] MODESEL | ADC Sequential Mode Selection

00 = Issue ADC_INT after Channel 0 then Channel 1 conversion finishes when SEQEN =1.
01 =Issue ADC_INT after Channel 1 then Channel 2 conversion finishes when SEQEN =1.
10 = Issue ADC_INT after Channel 0 then Channel 2 conversion finishes when SEQEN =1.

11 = Reserved.

(1]

SEQTYPE | ADC Sequential Mode Type
0 = 2/3-shunt type
1 = 1-shunt type

(0]

SEQEN ADC Sequential Mode Enable Bit

When ADC sequential mode is enabled, two of three ADC channels from 0 to 2 will automatically
convert analog data in the sequence of channel [0, 1] or channel[1, 2] or channel[0, 2] defined by
MODESEL (ADC_SEQCTL[3:2]).

0 = ADC sequential mode Disabled.

1 = ADC sequential mode Enabled.

4.14.7.9 A/D PWM Sequential Mode Result Register (ADC_SEQDAT1/2)

Register Offset R/W | Description Reset Value
ADC SEQDAT1 | ADC BA+0x50 | R A/D PWM Sequential Mode First Result Register! 0x0000_0000
ADC SEQDAT2 | ADC BA+0x54 | R A/D PWM Sequential Mode Second Result Register] | 0x0000_ 0000
Bits Description

[31:18] | Reserved Reserved.

260




PANCHIP

2.4GHz RF Transceiver SOC

[17] VALID

Valid Flag

This bit is set to 1 when ADC conversion is completed and cleared by hardware after the ADC_SE-
QDATX register is read.

0 = Data in RESULT[11:0] bits not valid.

1 = Data in RESULT[11:0] bits valid.

[16] |ov

Over Run Flag

If converted data in RESULT[11:0] has not been read before the new conversion result is loaded to
this register, OV is set to 1. It is cleared by hardware after the ADC SEQDATX register is read.

0 = Data in RESULT[11:0] is recent conversion result.

1 = Data in RESULT[11:0] overwritten.

[15:12] | Reserved

Reserved.

[11:0] | RESULT

A/D PWM Sequential Mode Conversion Result

This field contains conversion result of ADC.

4.14.7.10 ADC Control Register 2 (ADC_CTL2)

Register Offset R/W Description Reset Value
ADC CTL2 ADC _BA+0x58 R/'W A/D Control Register 2 0x7550_0900
Bits Description

[31] Reserved Reserved.

[30:28] | ICTL_CMP

Comparator current control bits.
000 =0uA

001 =0.25uA

010=0.75uvA

...(Step size = 0.25 uA)

111 =1.5uA

Default value : 0x111

[27] Reserved

Reserved.

[26:24] | ICTL_VCM

VCM reference voltage driving current control bits.
000=0uA

001 =0.25uA

010=0.75 uA

+++(Step size = 0.25 vA)

111 =15uA

Default value : 0x101

[23] Reserved

Reserved.

[22:20] | ICTL_VREF

2.4V reference voltage driving current control bits.
000 =0uA

001 =0.25uA

010=0.75uA

*++(Step size = 0.25 uA)

111 =1.5uA

Default value : 0x101
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[19:18]

Reserved

Reserved.

[17]

SEL_VREF

Reference voltage selection.

1 =VDD is selected, VCM is equal to 1/2 VDD.
0 =2V is selected, VCM is equal to 1V.

Default value : 0x0

[16]

EN BUFTST

Vtop output voltage test enable bit.
1 = Enable

0 = Disable

Default value : 0

[15:14]

Reserved

Reserved.

[13:11]

CLK_DIV_DUTY

ADC Duty Divider
Could not be set as 0.
Default : 1

[10:8]

CLK_DIV

ADC Clock Divider
Could not be set as 0.
Default : 1

[7:3]

Reserved

Reserved.

(2]

DMA_EN

ADC DMA enable bit.
1 = Enable

0 = Disable

Default value : 0

(1]

SEL_SH

1 =SHis SH.

0 = External Sample Hold (SH) width with HOLD2(Internal Signal)

Default : 0

(0]

TEST MODE

ADC Test enable bit.
1 = Enable
0 = Disable
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5 Electrical Characteristics

All the parameters are accurate to the one decimal place.

5.1 Absolute Maximum Ratings

Table 5-1 Absolute Maximum Ratings

Parameter
Symbol Description Unit
Min Typ Max
VDD VDDI1/VDD2 -0.3 - 3.6 v
Vi Input Voltage -0.3 - VDD v
Vo Output Voltage VSS - VDD v
Top Operating Temperature -40 - 85 °C
Tsta Storage Temperature -40 - 125 °C

Note: Exceeding one or more of the limiting values may cause permanent damage to PAN2025.

Caution: Electrostatic sensitive device, comply with protection rules when operating.

5.2 DC Electrical Characteristics

Table 5-2 Voltage and Current

Symbol Parameter Min Typ Max Unit | Test Conditions
VDDI1/VDD2 | Power Supply 2.2 3 3.6 V | TA=25°C
VSS Ground - 0 - vV |-
Ipp stp re Deep sleep current 30 60 - uA | MCU power down, SRAM main-
tain, HCLK off, 32K RC on
External interrupts, CPU Power
Ist mo Standby Current - 0.2 - uA
B Down
External interrupts, CPU Power
Ist M1 Standby Current - 1 - uA .
- Down, SRAM retention
Sleep timer running, CPU Power
Ist M2 Standby Current - 2.5 - uA
N Down
Sleep timer running, CPU Sleep,
Ist M3 Standby Current - 33 - uA .
) SRAM retention
Operating Current of
Irx,0dBm - 50 - mA | 0dBm output power
TX mode
Operating Current of
Irx,3dBm - 66 - mA | 8dBm output power
TX mode
Operating Current of
Irx,10dBm - 68 - mA | 10dBm output power
TX mode
Operating Current of ) )
Irx - 40 - mA | Maximum LNA gain
RX mode
Vou Output High Level Voltage | VDD-0.3 - VDD vV |-

263



)

) )
PANCHIP 2.4GHz RF Transceiver SOC
Vo Output Low Level Voltage VSS - VSS+0.3 vV |-
Vi Input High Level Voltage 2.0 3 3.6 vV |-
Vi Input Low Level Voltage VSS - VSS+0.3 vV |-

5.3 16 MHz Crystal Oscillator Characteristics

Table 5-3 16M RC Oscillator

Symbol Parameter Conditions Min Typ | Max Unit
FxraLasm Crystal Oscillator Frequency - - 16 - MHz
ESR(16M) Equivalent Series Resistance - - - 80 Q
Afxrariem Crystal Frequency Tolerance - -20 - 20 ppm
VCLKEXT)(16M) External Clock Voltage - 0.1 0.8 - v
ON(EXTERNAL)16M | Phase Noise fc =50 kHz - - -130 | dBc/Hz
in case of an external
reference clock
5.4 Stable Low Frequency RCX Oscillator Characteristics
Table 5-4 Stable Low Frequency RCX Oscillator
Symbol Parameter Conditions Min Typ Max Unit
frorex) RCX Oscillator Frequency Default setting, - 40 - Khz
5.10 Digital Input/Output Characteristics
Table 5-5 Digital Input/Output Characteristics
Symbol ‘ Paramter ‘ Conditions ‘ Min ‘ Type Max Unit
RSTN pin
Vi HIGH level input voltage 2.2sVDD<3.6 0.6xVDD - VDD v
Vi LOW level input voltage 2.2sVDD<3.6 0 - 0.4xVDD v
Vhys Hysteresis voltage 2.2sVDD<3.6 0.05xVDD - - \%
Standard I/O pins
Input characteristics
Vi HIGH level input voltage 2.2sVDD<3.6 0.6xVDD - VDD \%
Vi LOW level input voltage 2.2sVDD<3.6 0 - 0.4xVDD \%
Vhys Hysteresis voltage 2.2sVDD<3.6 0.05xVDD - - \%
Output characteristics
Vo Output voltage Output active 0 - VDD v
Von HIGH level output voltage 2.2<VDD<3.6 VDD - - v
Vor LOW level output voltage 2.2<VDD<3.6 - - 0 v
Ion HIGH level output current VDD=3.3 - 20 - mA
IoL LOW level output current VDD=3.3 - 35 - mA
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Rep Pull down resistor 2.2sVDD<3.6 - 40 - kQ
Rpy Pull up resistor 2.2sVDD<3.6 - 40 - kQ

5.11 AC Electrical Characteristics
Table 5-6 RF
Symbol | Condition |Min [Typ |[Max | Unit
General frequency
Fop Operating Frequency 2400 - 2483 MHz
PLL s PLL Programming Resolution - 1 - MHz
Fxal Crystal Frequency - 16 - MHz
DR Data Rate - 1 - Mbps
Transmitter
PRF Output Power 2 8 10 dBm
PRFC Output Power Range -16 - -10 dBm
PBW 20dB Bandwidth for Modulated Carrier at 1| Mbps 950 - 1100 MHz
MDR Maximum Drift Rate - - 13 KHz/50us
FD Frequency Deviation 200 - 300 KHz
Receiver
RXmax Maximum Received Signal at <0.1% BER - 0 - dBm
Sensitivity (0.1%BER) @1Mbps, GFSK - 91 - dBm
RXSENS Sensitivity (0.1%BER) @1Mbps, DSSS - -100 - dBm
Sensitivity (0.1%BER) @250Kbps, GFSK - -94 - dBm
C/1CO C/1 Co-channel Interference - 14 - dBc
C/11M Adjacent IMHz Interference - 2 - dBc
C/12M Adjacent 2MHz Interference - -16 - dBc
C/1>23M Adjacent > 3MHz Interference - -26 - dBc
C/limage Image Frequency Interference - -12 - dBc
C/limage+1M Adjacent (1IMHz) Interference to In-band Image Fre- - -35 - dBc
quency
P_IMD Intermodulation Interference - -45 - dBm
P_Blocking Out-of-band Blocking Interference -30 - - dBm
Table 5-7 DPLL
Symbol Parameter Min Typ Max Unit Notes
VDD2 Power Supply 2.2 - 3.6 \% -
Ta Temperature -40 - 85 °C -
Fin Input Clock Frequency - 16 - MHz -
ForiL Clock Frequency - 48 72 MHz -

Table 5-8 ADC
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Symbol Parameter Min Typ Max Unit Notes
- Resolution - 10 - Bit -
VDD2 Power Supply 2.5(for - 3.6 VDDA -

VTOP=2.4V)
2.2(for
VTOP=1.4V)
ITOT Operation Current 880 - 1600 uA -
INL Integral Nonlinearity Error - - +2 LSB -
SYS CLK | System Clock - - 48 MHz -
Fadc Clock Frequency - - 48 MHz -
FS Sample Rate - - 1.625 MHz -
Ts Sample Time 7 - - SYS CLK -
Th Compare Time 25 - - SYS CLK -
TCONV Data Output cycle 32 50 170 SYS CLK -
N S-H counter 1 2 7 - -
Vin Analog input voltage 0 - VDD A% -
0 2.0
Cin Input Capacitance - 10 - pF -
Rin Input resistance 14.6 - - KQ See
Notel
Vref ADC reference voltage - VBG - \Y -
DATA ADC Output 000 - FFF HEX -
SFDR Spurious Free Dynamic - 64 - dB -
range
Note:

Sample time formula:
Ts= (EXTSMPT+1) *(ADCDIV +1)*T0
Continuous mode period formula:

T=(EXTSMPT+14) *(ADCDIV +1)* T0+2TO
TO: System clock, the maximum to 1/52M, or chosen as 1/26M, 1/13M.

Maximum resistance formula:

Ts

Csample x In(2N+1)

Rin <

Radc

Ts: Sample Time, see the Table 5-8 for specific ranges. It is required to be stable within the DAC
establishment period.

Csample: Sample capacitance =10pF
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N: ADC bit defaults as 12. If the accuracy requirement is not high, it can be taken as 11,10,9,8,
which can reduce the requirement of input impedance.

Radc: Sample switch resistance, 100Q2~3009.

Table 5-9 LVR

Symbol Parameter Min Typ Max Unit Notes
VDD2 Power Supply 2.2 3 3.6 A% -
VLVR Threshold Voltage - 1.9 - A% -

Table 5-10 BOD

Vout(V) Vout(V) .
Symbol Parameter Test Conditions Notes
120 0>1
EN BOD=1
2.0 2.1 - -
BODVL<2:0>=000
EN BOD=1
2.2 2.3 - -
BODVL<2:0>=001
EN BOD=1
VBop Brown-Out Detector 2.5 2.6 - -
BODVL<2:0>=010
EN BOD=1
2.7 2.8 - -
BODVL<2:0>=011
EN BOD=1
3.0 3.1 - -
BODVL<2:0>=101
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6 Application Reference Design
6.1 QFN32 Application Reference Design

vob Antenna matching circuit
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Figure 6-1 Application Reference Circuit for QFN32
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6.2

QFN40 Application Reference Design
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Figure 6-2 Application Reference Circuit for QFN40
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7 Pakage Dimensions

7.1 QFN32 Package Dimensions

5} AE b2 = BIFFF® -L
32
JUuUuUuuukl
: B 1 [EFeermE
J [ (-
PIN1# CORNER D / PIRrS‘Eth C
B DAJ?/ C E2
) ~ g
») R
S~—
D C DATUM B
D L /—Ex R0O.10 r
— nnq riw(n naj
e (Bl x @
TOP VIEW BOTTOM VIEW SEE DETAIL B
= Er A3 (DATUM A OR B>
‘a I I I I I | ] I I _E_I 3ex 0115
=Bk SIDE VIEW
EVENTDD TERMINAL JYMTERNINAL "
DETAIL B
Figure 7-1 QFN32 Package Views
Table 7-1 Detailed Parameters of QFN32 Package
Symbol Min.(mm) Typ.(mm) Max.(mm)
A 0.70 0.75 0.80
0.85 0.90 0.95
Al 0 0.02 0.05
A3 - 0.20 REF -
b 0.18 0.23 0.28
5.00BSC
E 5.00BSC
D2 3.55 3.65 3.75
E2 3.55 3.65 3.75
e 0.50BSC
L 0.30 0.35 0.40
K 0.20 - -
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aaa 0.15
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10

7.2 QFN40 Package Dimensions
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Figure 7-2 QFN40 Package Views

Table 7-2 Detailed Parameters of QFN40 Package

Symbol Min.(mm) Typ.(mm) Max.(mm)

A 0.70 0.75 0.80
0.85 0.90 0.95

Al 0 0.02 0.05

A3 - 0.20REF -

b 0.15 0.20 0.25

D 5.0BSC

E 5.0BSC

D2 3.60 3.70 3.80

E2 3.60 3.70 3.80

e 0.40BSC
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L 0.35 0.40 0.45

K 0.20

aaa 0.10

bbb 0.07

cee 0.10

ddd 0.05

eee 0.08

fff 0.10
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8 Precautions

1) This product is a CMOS device and should be protected against static electricity during storage,
transportation and use.

2) Grounding when device is in use.

3) Reflow temperature can not exceed 260°C.
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9 Storage Conditions

1) Products should be stored in sealed packages: when the temperature is less than 30 degrees and
the humidity is less than 90%, it can last for 12 months.

2) After the package is opened, the components will be used in the reflow process or other high-
temperature processes. The following conditions must be met:

a) Completed within 72 hours and the factory environment is less than 30°C< 60% RH.
b) Stored in 10% RH environment.

c) Exhaust at 125°C for 24 hours to remove internal water vapor before used.
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