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1 GENERAL DESCRIPTION

The 1SD94100 series 32-bit microcontrollers are an embedded ARM® Cortex®-M4F core with DSP
extensions and a Floating Point Unit which run up to 200 MHz. It provides up to 512 KB of flash
memory and up to 192 KB of SRAM. It is ideal for consumer product applications which need
communication interfaces and high computing power.

The 1SD94100 is also equipped with a variety of peripheral devices, such as Multi-Function
Timers, Watchdog Timers, RTC, PDMA, UART, SPI, I°C, PWM, GPIO, 12-bit ADC, USB1.1
Device, Low voltage reset and Brown-out Detector. In addition, it supports plenty of audio
peripherals such as 1°S, DMIC and audio DPWM modulator.

The 1SD94100 series is suitable for a wide range of applications such as:
®  Audio Processing Platform

Consumer Products

Industrial Automation

Home Automation

Security Alarm System

System Supervisors
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2 FEATURES

2.1 I1SD94100 Series Features
® Core

ARM® Cortex®-M4F core running up to 200 MHz

Supports DSP extension with hardware divider

Supports IEEE 754 compliant Floating-point Unit (FPU)
Supports Memory Protection Unit (MPU)

One 24-bit system timer

Supports Low Power Sleepmode by WFI and WFE instructions
Single-cycle 32-bit hardware multiplier

Supports programmable 16 level priorities of Nested Vectored Interrupt Controller
(NVIC)

Supports programmable mask-able interrupts

Supports Embedded Trace Macrocell

Built-in LDO for wide operating voltage range

Flash Memory

® SRAM

Up to 512KB on-chip Application ROM (APROM)

Configurable program code/data allocation

4 KB Flash for loader (LDROM)

Supports 2-wire ICP update through SWD/ICE interface

Supports In-system program (ISP), In application program (IAP) update
Supports 4 KB page erase for all embedded flash

Supports 4 KB two-way cache to reduce power consumption and improve
performance.

Enhanced performance up to 3.4 Core Mark/MHz when running code in Flash with
cache

Supports 2-wire ICP flash updating through SWD interface

Supports 32-bit/64-bit and multi-word flash programming function.
Supports fast flash programming verification by CRC function.

Up to 192 KB embedded SRAM

32 KB SRAM in bank 0 that supports hardware parity check and retention mode
Supports byte-, half-word- and word-access

Supports exception (NMI) generated once a parity check error occurs

Supports PDMA mode

® Clock Control

® GPI

JUL 30, 2021

Built-in 48.0 MHz or 49.152 MHz selectable internal high speed RC oscillator (HIRC)
for system operation

Built-in 10 kHz internal low speed RC oscillator (LIRC) for Watchdog Timer and wake-
up operation

4~24.576 MHz external high speed crystal oscillator (HXT) for precise timing operation
32.768 kHz external low speed crystal oscillator (LXT) for RTC function and low-power
system operation

Supports one PLL up to 500 MHz for high performance system operation, sourced from
HIRC or HXT

Supports clock failure detection for high/low speed external crystal oscillator

Supports exception (NMI) generation once a clock failure detected

Supports clock output

)

Supports four I/O modes:
€ Quasi bi-direction
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® PD

® Mu

€ Push-Pull output

€ Open-Drain output

€ Input only with high impendence
TTL/Schmitt trigger input selectable
I/O pin configured as interrupt source with edge/level trigger setting
Supports high slew driver and high sink current I/O (up to 20mA at 3.3V)
Supports software selectable slew rate control
Supports 5V tolerance function on subset of GPIO except analog 1/0

MA (Peripheral DMA)

Supports 16 independent configurable channels for automatic data transfer between
memories and peripherals

Supports stride function.

Channel 0, 1 supports time-out function for each channel.

Supports Basic and Scatter-Gather Transfer modes

Each channel supports circular buffer management using Scatter-Gather Transfer
mode

Supports two types of priorities modes: Fixed-priority and Round-robin modes

Supports byte-, half-word- and word-access

Supports single and burst transfer type

Supports source and destination address can be increment or fixed.

DMA transfer count up to 65536.

[ti-Function Timer (MFT, Timer + PWM)
TIMER mode

€  Supports 4 sets of 32-bit timers with 24-bit up-timer and 8-bit prescale counter,
24-bit up counter value is readable.

€ Independent clock source for each timer

€ Provides One-shot, Periodic, Toggle and Continuous Counting operation modes

€ Supports event counting function to count the event from external pin

€ Supports input capture function to capture or reset counter value

€ 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

€  Support Timer0 ~ Timer3 time-out interrupt signal or capture interrupt signal to
trigger PWM, EADC and DMA.

€  Supports Inter-Timer trigger mode

- PWM mode

€  Supports four 16-bit PWM counters with 10-bit dead time generator

€  Supports 12-bit pre-scale for PWM.

€ Supports independent mode for PWM output channel

€ Supports 8 channel PWM outputs in complementary mode

€  Supports mask function and tri-state enable for each PWM pin

€  Supports interrupt on the following events:
® PWM counter match zero, period value or compared value

€  Supports trigger EADC on the following events:
® PWM counter match zero, period value or compared value

® PWM

JUL 30, 2021

Supports up to 6 independent PWM outputs with 16-bit resolution
Supports maximum clock frequency up to 200MHz

Supports 12-bit clock prescale

Supports dead time with maximum divided 12-bit prescale
Supports one-shot or auto-reload counter operation mode
Supports up, down or up-down PWM counter type

Supports synchronous function for phase control
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- Supports counter synchronous start function
- Supports complementary mode for 3 complementary paired PWM output channel
- Supports brake function with auto recovery after brake condition removed
- Supports mask function and tri-state output for each PWM channel
- Supports trigger EADC to start conversion
Supports up to 6 independent input capture channels with 16-bit resolution counter

® \Watchdog Timer

- 18-hbit free running up counter for WDT time-out interval

- Supports multiple clock sources from LIRC (default selection), HCLK/2048 and LXT

- 8 selectable time-out period from 1.6ms ~ 26.0sec (depending on clock source)

- Able to wake up from Power-down or Idle mode

- Interrupt or reset selectable on watchdog time-out

- Supports selectable WDT reset delay period, including 1026 ~ 130 ~ 18 or 3WDT_CLK
reset delay period

- Configurable to force WDT enable after chip power-on or reset.

- Supports WDT time-out wake-up function only if WDT clock source is selected as LIRC
or LXT

® \Window Watchdog Timer

- Supports multiple clock sources from HCLK/2048 (default selection) and LIRC
- Window set by 6-bit counter with 11-bit prescale
- WWDT counter suspends in Idle/Power-down mode

® RTC

- Supports software compensation by setting frequency compensate register
(FCR),compensated clock accuracy reaches +5ppm within 5 seconds

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

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

- Selectable 12-hour or 24-hour mode

- Automatic leap year recognition

- Supports Day of the Week counter

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

- Supports 1 Hz, clock output

- Supports wake-up from idle mode, Power-down mode and Standby Power-down mode

- Supports 32 kHz Oscillator gain control

- Supports RTC Time Tick and Alarm Match interrupt

- Support Time stamp

® UART

- Supports low power UART (LPUART): baud rate clock from LXT(32.768 kHz) with
9600bps in Power-down mode even system clock is stopped

- Support baud rate up to 12.5 MHz

- Supports 16-byte FIFOs with programmable level trigger

- Supports auto flow control (CTS and RTS)

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

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

- Programmable receiver FIFO trigger level

- Supports wake-up function

- Supports 8-bit receiver FIFO time-out detection function

- Supports Auto-Baud Rate measurement and baud rate compensation function

- Supports break error, frame error, parity error and receive/transmit FIFO overflow
detection function

- Supports nCTS, incoming data, RX FIFO reached threshold and RS-485 Address
Match (AAD mode) wake-up function in idle mode.

- Supports hardware or software enables to program nRTS pin to control RS-485
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transmission direction
Supports PDMA mode

Supports up to two sets of I°C devices

Supports Master/Slave mode

Bidirectional data transfer between masters and slaves

Multi-master bus (no central master)

Supports 10 bits mode

Supports Standard mode (100 kbps), Fast mode (400 kbps) and Fast mode plus (1
Mbps)

Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus

Serial clock synchronization allows devices with different bit rates to communicate via
one serial bus

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

Programmable clocks allow versatile rate control

Supports multiple address recognition (four slave address with mask option)
Supports SMBus and PMBus

Supports multi-address Power-down wake-up function

Supports one I°S interface

Interface with external audio CODEC

Supports Master and Slave mode

Capable of handling 8-, 16-, 24- and 32-bit word sizes

Mono and stereo audio data

IS protocols: Philips standard, MSB-justified, and LSB-justified data format

PCM protocols: PCM standard, MSB-justified, and LSB-justified data format
PCM protocol supports TDM multi-channel transmission in one audio sample, the
number of data channels can be setas 2, 4, 6, or 8

Two 16-level FIFO data buffers, one for transmitting and the other for receiving
Generates interrupt requests when buffer levels cross a programmable boundary
Supports two DMA requests, one for transmitting and the other for receiving

® SPIO

® SPI

JUL 30, 2021

SPI Quad controller — SPI0

Supports Master or Slave mode operation

Supports 2-bit Transfer mode

Supports Dual and Quad I/O Transfer mode

Supports one/two data channel half-duplex transfer

Support receive-only mode

Configurable bit length of a transfer word from 8 to 32-bit
Provides separate 8-level depth transmit and receive FIFO buffers
Supports MSB first or LSB first transfer sequence

Supports the byte reorder function

Supports Byte or Word Suspend mode

Supports 3-wired, no slave select signal, bi-direction interface
Master up to 25 MHz, and Slave up to 25 MHz (when chip operating at Vpp =
2.7~3.6V)

Supports PDMA mode

/1S
Supports two sets of SPI/ 12S controllers — SPI1/ SPI2

Supports Master or Slave mode operation
Supports two PDMA requests, one for transmitting and the other for receiving
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- SPI supports configurable bit length of a transfer word from 8 to 32-bit

- SPI Provides separate 4-level of 32-bit (or 8-level of 16-bit) transmit and receive FIFO
buffers which depended on SPI setting of data width

- SPI supports MSB first or LSB first transfer sequence

- SPI supports the byte reorder function

- SPI supports Byte or Word Suspend mode

- SPI supports one data channel half-duplex transfer

- SPI supports receive-only mode

- 12S interface with external audio CODEC

- 125 supports Master and Slave mode

- 12S supports 8-, 16-, 24- and 32-bit audio data sizes

- 12S supports mono and stereo audio data

- 12S supports PCM mode A, PCM mode B, 12S and MSB justified data format

- 12S Interface with external audio CODEC

- 12S provides two 4-level FIFO data buffers, one for transmitting and the other for
receiving

- Generates interrupt requests when buffer levels cross a programmable boundary

® EADC

- Analog input voltage range: 0~ AVpp
- Supports single 12-bit SAR EADC conversion
- 12-bit resolution and 10-bit accuracy is guaranteed
- Up to 13 external single-ended analog input channels
- Up to 2 MSPS conversion rate
- Supports three power saving modes:
€ Deep Power-down mode.
¢ Power-down mode.
¢ Standby mode.
- Supports single EADC interrupt
- Supports calibration and load calibration words capability.
- An A/D conversion can be triggered by Software enable, External pin, Timer 0~3
overflow pulse trigger and PWM trigger.
- 12-bit, 10-bit, 8-bit, 6-bit configurable resolution.
- Maximum EADC clock frequency is 60 MHz.
- Configurable EADC internal sampling time.
- Upto 13 sample modules
€ Each of sample module 0~12 which is configurable for EADC converter channel
EADC_CHO0~12 and trigger source.
€ Double buffer for sample module 0~3
€ Configurable sampling time for each sample module.
€ Conversion results are held in 13 data registers with valid and overrun indicators.
- Supports PDMA transfer

® USB 1.1 Device Controller

- Compliant with USB 2.0 Full-Speed specification

- Provides 1 interrupt vector with 4 different interrupt events (NEVWK, VBUSDET, USB
and BUS)

- Supports Control/Bulk/Interrupt/Isochronous transfer type

- Supports suspend function when no bus activity existing for 3 ms

- Supports 12 endpoints for configurable Control/Bulk/Interrupt/Isochronous transfer
types and maximum 1k bytes buffer size

- Provides remote wake-up capability

® Digital Microphone Inputs

- Provides one 32-level FIFO data buffers for receiving.
- Generates interrupt requests when buffer levels cross a programmable boundary.
- Supports PDMA transfer.
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- Supports up to four channel digital microphones.
- Both digital PDM microphone inputs can be used simultaneously.

® Voice Active Detection

- Configuration detect levels.

Supports idle mode wake-up function.

- Supports auto switch DMIC path when CPU wake-up by VAD.
- Generates interrupt requests when voice detected.

® Audio DPWM Modulator

- Differential Audio PWM Output (DPWM)

- Supports left channel, right channel and sub-woofer channels.

- Supports sample rates from 16~96 kHz.

- Programmable biquad 10 band filter.

- PDMA data channel for streaming of PCM audio data.

- Supports either single precision floating point or fixed-point format input data and BIQ
coefficients.

- Provides 32-sample FIFO data buffer for PCM data.

® Cyclic Redundancy Calculation Unit

- Supports four common polynomials CRC-CCITT, CRC-8, CRC-16, and CRC-32

- Programmable initial value

- Supports programmable order reverse setting for input data and CRC checksum

- Supports programmable 1’s complement setting for input data and CRC checksum.
- Supports 8-/16-/32-bit of data width

- Programmable seed value

- 8-bit write mode: 1-AHB clock cycle operation

- 16-bit write mode: 2-AHB clock cycle operation

- 32-bit write mode: 4-AHB clock cycle operation

- Supports using DMA to write data to perform CRC operation

® Brown-out Detector
- With 8 levels: 3.0V/2.8V/2.6V/2.4V/2.2V/2.0V/1.8V/1.6V
- Supports Brown-out Interrupt and Reset option

® |ow Voltage Reset

- Threshold voltage levels: 1.5V
® Packages

- All Green package (RoHS)

- QFN 48-pin (6x6 mm)

- LQFP 64-pin (7x7 mm)

- LQFP 64-pin (10x10 mm)
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3 ABBREVIATIONS

3.1 Abbreviations

Acronym Description
ACMP Analog Comparator Controller
ADC Analog-to-Digital Converter
AES Advanced Encryption Standard
APB Advanced Peripheral Bus
AHB Advanced High-Performance Bus
BOD Brown-out Detection
CAN Controller Area Network
DAP Debug Access Port
DES Data Encryption Standard
DMIC Digital Microphone Inputs
DPWM Audio DPWM Modulator
EBI External Bus Interface
EPWM Enhanced Pulse Width Modulation
FIFO First In, First Out
FMC Flash Memory Controller
FPU Floating-point Unit
GPIO General-Purpose Input/Output
HCLK The Clock of Advanced High-Performance Bus
HIRC High Speed RC Oscillator
HXT External High Speed Crystal Oscillator
IAP In Application Programming
ICP In Circuit Programming
ISP In System Programming
LDO Low Dropout Regulator
LIN Local Interconnect Network
LIRC 10 kHz internal low speed RC oscillator (LIRC)
MPU Memory Protection Unit
NVIC Nested Vectored Interrupt Controller
PCLK The Clock of Advanced Peripheral Bus
PDMA Peripheral Direct Memory Access
PLL Phase-Locked Loop
PWM Pulse Width Modulation
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QEI Quadrature Encoder Interface
SD Secure Digital

SPI Serial Peripheral Interface

SPS Samples per Second

TDES Triple Data Encryption Standard
TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unique Customer ID

usB Universal Serial Bus

VAD Voice Active Detection

WDT Watchdog Timer

WWDT Window Watchdog Timer

Table 3.1-1 List of Abbreviations
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION

4.1 Parts Information

For information on ISD94100 series parts information, please refer to ISD Cortex®-M4 Chipcorder
ISD94100 series Datasheet.
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4.2  Ordering Information

For information on 1SD94100 series ordering information, please refer to ISD Cortex®-M4 Chipcorder
ISD94100 series Datasheet.
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Figure 4.3-1 QFN48 (6x6 mm) Pin Diagram
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4.3.2 LQFP64 (7x7 mm) Pin Diagram

n < o™ [SP TS S U o]
< o d 3 ® N~ © 1Y 0N A O oo
O 0 0000000000 0 oo
2 T o T T o o o T T o o & N N e N
[ee] N~ O Lo < o« — o [o)] [e¢] N~ (] 0 <t ™
A S A . A S B S 0 I o] M MmO M oM
PAO [] 49 32[] usB_vDD33
PA1 [] 50 31[] PC.14
PA2 [] 51 301 Pc.13
PA3 [] 52 29[ ] PC.12
PA4 [] 53 28] PC.11
PA5 [] 54 27 ] PC.10
PA6 [] 55 26[] PC.9
PA7 [] 56 LQFP64 25[] PC.8
PA8 [] 57 (7x7 mm) 24[] pPC7
PAS [] 58 23 Pcs
PA.10 [] 59 22[] pcs
PA11 [] 60 21[] pPca
PA12 [] 61 20[] pPC3
PA.13 [] 62 19[] Pc.2
PA.14 [] 63 18[ ] PC.1
PA.15 [_| 64 O 17[] PC.0
A N m s wo ~ o o0 9 dYy 9 Y 899
o B R Sy S S S B S S 7 S = B
FEEEEEEBERRES >2SE
[ < e
@ 0
c (]
-

Figure 4.3-2 LQFP64 (7x7 mm) Pin Diagram
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4.3.3 LQFP64 (10x10 mm) Pin Diagram
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Figure 4.3-3 LQFP64 (10x10 mm) Pin Diagram
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4.4  Pin Description
MFP = Multi-function pin.

Note: Pin Type I=Digital Input, O = Digital Output; A = Analog Pin; P = Power Pin;

Pins
OFN48 LOFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PB.O /O | MFPO | General purpose digital 1/O pin.
PWMO_SYNC_IN /0 | MFP1 | PWMO counter synchronous trigger input pin.

! ! ! 12C0_SCL /O | MFP2 |12CO clock pin.
PWMO_CHO /0 | MFP3 | PWMO channelO output/capture input.
PB.1 /O | MFPO | General purpose digital 1/O pin.
PWMO_SYNC_OUT| /O |MFP1|PWMO counter synchronous trigger output pin.

2 2 2 12C0_SDA /O | MFP2 |12C0 data input/output pin.
PWMO_CH1 /0 | MFP3 | PWMO channell output/capture input.
PB.2 /O | MFPO | General purpose digital I/O pin.
PWMO_CHO /0 | MFP1 | PWMO channelO output/capture input.

3 S S T™2 /O | MFP2 | Timer2 event counter input / toggle output.
PWMO_CH2 /0 | MFP3 | PWMO channel2 output/capture input.
PB.3 /O | MFPO | General purpose digital 1/O pin.
PWMO_CH1 /0 | MFP1 | PWMO channell output/capture input.
TM2_EXT /O | MFP2 | Timer2 external capture input.

N N N DMIC_DAT1 | MFP3 [ Digital microphone channel 1 data input pin.
UARTO_RXD | MFP4 [ UARTO Data receiver input pin.
PWMO_CH3 /0 | MFP5 | PWMO channel3 output/capture input.
PB.4 /O | MFPO | General purpose digital 1/O pin.
UARTO_nCTS | MFP1 [ Clear to Send input pin for UARTO.
PWMO_CHO /0 | MFP2 | PWMO channelO output/capture input.

° ° ° DMIC_CLK1 (0] MFP3 | Digital microphone channel 1 clock output pin.
UARTO_TXD O MFP4 | UARTO data transmitter output pin.
PWMO0O_CH4 /0 | MFP5 [ PWMO channel4 output/capture input.

6 6 6 RESETN [ MFPO | External reset input: active LO.WZ with an internal

pull-up. Set this pin low reset to initial state.
PB.5 /O | MFPO | General purpose digital 1/O pin.
XT1_OUT I MFP1 | External 4~24.576 MHz (high speed) crystal output
pin.

7 7 7 PWMO_CH1 I/0 | MFP2 [ PWMO channell output/capture input.
12C0_SDA /O | MFP3 [12C0 data input/output pin.
12C1_SDA /O | MFP4 | 12C1 data input/output pin.
DMIC_DATO | MFP5 [ Digital microphone channel 0 data input pin.
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Pins
QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PB.6 /O | MFPO | General purpose digital 1/O pin.
XT1_IN | MFP1 E_xternal 4~24.576 MHz (high speed) crystal input
pin.
8 8 8 PWMO_CH2 /0 | MFP2 [ PWMO channel2 output/capture input.
12C0_SCL /O | MFP4 [12CO serial clock pin.
12C1_SCL I/O | MFP5 [12C1 serial clock pin.
DMIC_CLKO O MFP6 | Digital microphone channel O clock output pin.
PB.7 /O | MFPO | General purpose digital 1/0 pin.
9 9 UARTO_nRTS (@) MFP1 | Request to Send output pin for UARTO.
PWMO_CH3 /0 | MFP2 [ PWMO channel3 output/capture input.
PB.8 /O | MFPO | General purpose digital 1/0 pin.
10 10 UARTO_TXD (0] MFP1 [ UARTO Data transmitter output pin.
PWMO_CH4 /O | MFP2 | PWMO channel4 output/capture input.
PB.9 /O | MFPO | General purpose digital 1/0 pin.
11 11 UARTO_RXD | MFP1 [ UARTO Data receiver input pin.
PWMO_CH5 /0 | MFP2 [ PWMO channel5 output/capture input.
LDO_CAP P | MFPO [LDO output pin.
9 12 12 Note: _This pin needs to be connected with a 1uF
capacitor.
10 13 13 VSS P MFPO | Ground pin for digital circuit.
11 14 14 AVSS P MFPO | Ground pin for analog circuit.
12 15 15 VDD P MFPO Power supply for. I/O ports and LDO source for
internal PLL and digital circuit.
13 16 16 AVDD P MFPO | Power supply for internal analog circuit.
PC.0 /O | MFPO | General purpose digital 1/O pin.
12C1_SCL /O | MPF1 |I12C1 clock pin.
14 17 17 X32_0uT (0] MFP2 | External 32.768 kHz (low-speed) crystal output pin.
SPI1_MOSI /O | MFP3 [SPI1 M_OSI (Master Out, Slave In) pin; or I12S1 data
output pin.
PC.1 /O | MFPO | General purpose digital 1/O pin.
12C1_SDA /O | MFP1 [12C1 data input/output pin.
15 18 18 X32_IN | MFP2 | External 32.768 kHz (low-speed) crystal input pin.
SPI1_MISO /0 | MFP3 SPIl MISO (Master In, Slave Out) pin; or I12S1 data
input pin.
PC.2 /O | MFPO | General purpose digital 1/0 pin.
12C1_SMBSUS O MFP1 | 12C1 SMBus SMBSUS# pin (PMBus CONTROL pin)
10 19 19 T™M3 /0 | MFP2 | Timer3 event counter input / toggle output.
SPI1_CLK /O | MFP3 | SPI1 Serial Clock pin; or 12S1 bit clock pin.
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QFN48 LQFP64 | LQFPB4 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PC.3 /O | MFPO | General purpose digital 1/O pin.
12C1_SMBAL O [ MFP1[I2C1 SMBus SMBALERT# pin
17 20 20 TM3_EXT /O | MFP2 | Timer3 external capture input.
SPI1_SS /10 | MFP3 SPI1 slave select pin; or 12S1 left right channel clock
pin.
PC.4 /O | MFPO | General purpose digital 1/0 pin.
PWMO_CH2 /O | MFP1 | PWMO channel2 output/capture input.
18 21 21 CLKO O MFP2 [ Clock Output pin.

SPI1_I12SMCLK O MFP3 [ SPI1 12S master clock output pin.
PC.5 /O | MFPO | General purpose digital 1/0 pin.

22 22 INT1 | MFP1 | External interruptl input pin.
SPI2_MOSI /0 | MFP2 | SPI2 MOSI (Master Out, Slave In) pin.
PC.6 /O | MFPO | General purpose digital 1/0 pin.

23 23 INT2 | MFP1 | External interrupt2 input pin.
SPI2_MISO /0 | MFP2 | SPI2 MISO (Master In, Slave Out) pin.
PC.7 /O | MFPO | General purpose digital 1/O pin.

24 24 SPI0_SS0 I/0 | MFP1 |1st SPIO Slave Select pin
SPI2_CLK /O | MFP2 | SPI2 serial clock pin.
PC.8 /O | MFPO | General purpose digital 1/O pin.

25 25 SPI0_MOSI1 /O | MFP1 |2nd SPIO MOSI (Master Out, Slave In) pin.
SPI2_SS /O | MFP2 | SPI2 Slave Select pin.
PC.9 /O | MFPO | General purpose digital 1/O pin.

26 26 SPI0_MISO1 /O | MFP1 |2nd SPIO MISO (Master In, Slave Out) pin.
SPI2_I2SMCLK (0] MFP2 [ SPI2 12S master clock output pin
PC.10 /O | MFPO | General purpose digital 1/O pin.

5 5 SPI0_MOSIO /O | MFP1 | 1st SPI0 MOSI (Master Out, Slave In) pin.

! ! PWMO_BRAKEO | MFP2 | Brake input pin 0 of PWMO.

DPWM_RN O MFP3 | Audio DPWM right channel negative output pin.
PC.11 /0 | MFPO | General purpose digital 1/0 pin.
SPI0_MISOO0 /O | MFP1 [ 1st SPIO MISO (Master In, Slave Out) pin.

% % PWMO_BRAKE1 | MFP2 | Brake input pin 1 of PWMO.
DPWM_RP (0] MFP3 [ Audio DPWM right channel positive output pin.
PC.12 /0 | MFPO | General purpose digital 1/0 pin.

29 29 SPI0_CLK I/0 | MFP1 | SPIO serial clock pin.
DPWM_LN O MFP3 | Audio DPWM left channel negative output pin.
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QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PC.13 /O | MFPO | General purpose digital 1/O pin.
PWMO_CH3 /0 | MFP1 | PWMO channel3 output/capture input.
% % 12C0_SCL I/0 | MFP2 [12CO clock pin.
DPWM_LP (0] MFP3 [ Audio DPWM left channel positive output pin.
PC.14 /O | MFPO | General purpose digital 1/O pin.
PWMO_CH4 /0 | MFP1 | PWMO channel4 output/capture input.
a1 31 li2co_spa 10 | MEP2 [12C0 data input/output pin.
DPWM_SN O MFP3 A_udio DPWM sub-woofer channel negative output
pin.
PC.15 /O | MFPO | General purpose digital 1/O pin.
32 SPIO_SS1 (0] MFP1 [ 2nd SPIO Slave Select pin
DPWM_SP O MFP3 A_udio DPWM sub-woofer channel positive output
pin.
19 32 USB_VDD33 P MFPO | Power supply for USB, DC 3.3V.
PB.15 /O | MFPO | General purpose digital 1/0 pin.
20 33 USB_VBUS P MFP1 | Power supply from USB or HUB.
12S0_MCLK (0] MFP2 [12S0 master clock output pin.
PB.14 /O | MFPO | General purpose digital 1/O pin.
21 34 USB_D- A MFP1 [ USB differential signal D-.
12S0_DO (0] MFP2 [12S0 data output pin.
PB.13 /O | MFPO | General purpose digital 1/0 pin.
22 35 USB_D+ A MFP1 [ USB differential signal D+.
12S0_DlI | MFP2 [12S0 data input pin.
PD.O /O | MFPO | General purpose digital 1/0 pin.
INT3 | MFP1 | External interrupt3 input pin.
12C1_SCL /O | MFP2 |I12C1 clock pin.
2 % 33 12C0_SCL /O | MFP3 |12CO clock pin.
12S0_BCLK I/0 | MFP4 |12S0 bit clock pin.
DPWM_LN O MFP5 | Audio DPWM left channel negative output pin.
PD.1 /0 | MFPO | General purpose digital 1/0 pin.
INT4 | MFP1 | External interrupt4 input pin.
12C1_SDA /0 | MFP2 [12C1 data p input/output in.
24 37 34
12C0_SDA /O | MFP3 |12C0 data input/output pin.
12S0_LRCK I/0 | MFP4 [12S0 left right channel clock pin.
DPWM_LP O MFP5 | Audio DPWM left channel positive output pin.
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QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PD.2 /O | MFPO | General purpose digital 1/O pin.
TRACE_CLK (0] MFP1 [ TPIU for ETM Tx trace clock output pin.
SPI1_MOSI /O | MFP2 | SPI1 MOSI (Master Out, Slave In) pin.

25 38 35
12S0_MCLK (0] MFP3 [12S0 master clock output pin.
12C1_SCL I/0 | MFP4 [12C1 clock pin.
TMO /O | MFP5 | TimerO event counter input / toggle output.
PD.3 /O | MFPO | General purpose digital I/O pin.
TRACE_DATAQ (0] MFP1 [ TPIU for ETM Tx trace data output bit0.
SPI1_MISO /0 | MFP2 | SPI1 MISO (Master In, Slave Out) pin.

26 39 36
12S0_LRCK /O | MFP3 |12S0 left right channel clock pin.
DMIC_CLK1 (0] MFP4 [ Digital microphone channel 1 clock output pin.
T™2 I/O | MFP5 | Timer2 event counter input / toggle output.
PD.4 /O | MFPO | General purpose digital 1/O pin.
TRACE_DATA1 (0] MFP1 [ TPIU for ETM Tx trace data output bit1.
SPI1_CLK /O | MFP2 | SPI1 serial clock pin.

27 40 37
12S0_DlI | MFP3 [12S0 data input pin.
DMIC_DAT1 | MFP4 [ Digital microphone channel 1 data input pin.
™1 /O | MFP5 | Timerl event counter input / toggle output.
PD.5 /O | MFPO | General purpose digital 1/O pin.
TRACE_DATA2 (0] MFP1 [ TPIU for ETM Tx trace data output bit2.
SPI1_SS /O | MFP2 | SPI1 Slave Select pin.

28 41 38
12S0_DO MFP3 [12S0 data output pin.
DMIC_CLKO MFP4 [ Digital microphone channel O clock output pin.
DPWM_RN MFP5 [ Audio DPWM right channel negative output pin.
PD.6 /O | MFPO | General purpose digital 1/O pin.
TRACE_DATA3 O MFP1 | TPIU for ETM Tx trace data output bit3.
SPI1_|2SMCLK O MFP2 | SPI1 12S master clock output pin

2 % 12S0_BCLK I/0 | MFP3 |12S0 Bit Clock pin.
DMIC_DATO | MFP4 | Digital microphone channel O data input pin.
DPWM_RP O MFP5 | Audio DPWM right channel positive output pin.
PD.7 /0 | MFPO | General purpose digital 1/0 pin.
43 40 PWMO_CH5 /0 | MFP1 [ PWMO channel5 output/capture input.
INT1 | MFP2 | External interruptl input pin.
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QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PD.8 /O | MFPO | General purpose digital 1/O pin.
ICE_CLK | MFP1 | Serial wired debugger clock pin
TMO /O | MFP2 | TimerO event counter input / toggle output.
29 44 41 li2c1_scL 10 | MFP3 [12C1 clock pin.
12C0_SCL I/0 | MFP4 [12CO0 clock pin.
DPWM_SN (0] MFP5 A_udio DPWM sub-woofer channel negative output
pin.
PD.9 /O | MFPO | General purpose digital 1/0 pin.
ICE_DAT /O | MFP1 | Serial wired debugger data pin
TMO_EXT /0 | MFP2 | TimerO external capture input.
30 45 42 li2c1_spA 110 | MFP3 [12C1 data inputioutput pin.
12C0_SDA /0 | MFP4 | 12C0 data input/output pin.
DPWM_SP O MFP5 A_udio DPWM sub-woofer channel positive output
pin.
PD.10 /O | MFPO | General purpose digital 1/O pin.
43 INT5 [ MFP1 | External interrupt5 input pin.
EADCO_ST | MFP2 [ EADCO external trigger input.
PD.11 /O | MFPO | General purpose digital 1/O pin.
44 UARTO_TXD (0] MFP1 [ UARTO Data transmitter output pin.
INT2 | MFP2 | External interrupt2 input pin.
PD.12 /O | MFPO | General purpose digital 1/O pin.
UARTO_RXD | MFP1 [ UARTO Data receiver input pin.
45 INT3 | MFP2 | External interrupt3 input pin.
PWMO_CH3 /0 | MFP3 | PWMO channel3 output/capture input.
INTO | MFP4 | External interruptO input pin.
PD.13 /O | MFPO | General purpose digital 1/O pin.
46 46 SPI0O_SS1 O MFP1 | 2nd SPIO Slave Select pin
EADCO_CH10 A MFP2 | EADCO channel10 analog input.
PD.14 /0 | MFPO | General purpose digital 1/0 pin.
UARTO_nCTS | MFP1 | Clear to Send input pin for UARTO.
EADCO_CH11 A MFP2 | EADCO channelll analog input.
31 47 47
12C0_SCL /0 | MFP3 [12CO0 clock pin.
UARTO_TXD O MFP4 | UARTO data transmitter output pin.
12C1_SCL I/0 | MFP5 [12C1 clock pin.
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QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PD.15 /O | MFPO | General purpose digital 1/O pin.
UARTO_nRTS (0] MFP1 [ Request to Send output pin for UARTO.
EADCO_CH12 A MFP2 [ EADCO channell12 analog input.

32 48 48
12C0_SDA /O | MFP3 |12C0 data input/output pin.
UARTO_RXD | MFP4 [ UARTO data receiver input pin.
12C1_SDA /O | MFP5 | 12C1 data input/output pin.
PA.O /O | MFPO | General purpose digital I/O pin.
SPIO_SS1 MFP1 [ 2nd SPIO Slave Select pin

33 49 49
EADCO_CHO MFP2 [ EADCO channel0 analog input.
DMIC_DATO [ MFP3 [ Digital microphone channel 0 data input pin.
PA.1 /O | MFPO | General purpose digital 1/O pin.
SPI0O_MOSI1 /O | MFP1 |2nd SPIO MOSI (Master Out, Slave In) pin.

A %0 %0 EADCO_CH1 A MFP2 [ EADCO channell analog input.
DMIC_CLKO (0] MFP3 | Digital microphone channel 0 clock output pin.
PA2 /O | MFPO | General purpose digital 1/O pin.
SPI0O_MISO1 /O | MFP1 |2nd SPIO MISO (Master In, Slave Out) pin.

% o1 o1 EADCO_CH2 A MFP2 [ EADCO channel2 analog input.
DMIC_DAT1 | MFP3 [ Digital microphone channel 1 data input pin.
PA.3 /O | MFPO | General purpose digital 1/O pin.
SPI0O_MOSIO /O | MFP1 | 1st SPI0 MOSI (Master Out, Slave In) pin.

% %2 %2 EADCO_CH3 A MFP2 [ EADCO channel3 analog input.
DMIC_CLK1 (0] MFP3 | Digital microphone channel 1 clock output pin.
PA.4 /O | MFPO | General purpose digital 1/O pin.
SPIO_MISOO0 /O | MFP1 | 1st SPI0 MISO (Master In, Slave Out) pin.

37 5 5 EADCO_CH4 A MFP2 [ EADCO channel4 analog input.
DPWM_LN O MFP3 | Audio DPWM left channel negative output pin.
PA.5 /0 | MFPO | General purpose digital 1/0 pin.
SPI0_CLK /O | MFP1 | SPIO serial clock pin.

38 54 54
EADCO_CH5 A MFP2 | EADCO channel5 analog input.
DPWM_LP O MFP3 | Audio DPWM left channel positive output pin.
PA.6 /O | MFPO | General purpose digital 1/0 pin.

39 55 55 SPI0_SSO /O | MFP1 [1st SPIO Slave Select pin
EADCO_CH®6 A MFP2 | EADCO channel6 analog input.
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QFN48 LQFP64 | LQFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PA.7 /O | MFPO | General purpose digital 1/O pin.
UARTO_TXD (0] MFP1 [ UARTO data transmitter output pin.
40 56 56 |EADCO_CH7 A | MFP2 |EADCO channel7 analog input.
SPI2_MISO /0 | MFP4 SPI12 MISO (Master In, Slave Out) pin; or 12S2 data
input pin.
PA.8 /O | MFPO | General purpose digital 1/0 pin.
UARTO_RXD | MFP1 [ UARTO data receiver input pin..
41 57 57 |EADco_cHs A | MFP2 |EADCO channel8 analog input.
SPI2_MOSI I/O | MFP4 [SPI2 MQSI (Master Out, Slave In) pin; or 12S2 data
output pin.
PA.9 /O | MFPO | General purpose digital I/O pin.
12C0_SCL /O | MFP1 |12C0 Serial Clock pin
42 58 58 EADCO_CH9 A MFP2 [ EADCO channel9 analog input.
SPI2_SS /0 | MFP4 SPI2 slave select pin; or 12S2 left right channel clock
pin.
PA.10 /O | MFPO | General purpose digital 1/0 pin.
12C0_SDA /O | MFP1 |12C0 data input/output pin.
43 59 59 EADCO_ST | MFP2 [ EADCO external trigger input.
DPWM_RN (0] MFP3 [ Audio DPWM right channel negative output pin.
SPI2_CLK /O | MFP4 | SPI2 clock pin; or 12S2 bit clock pin.
PA.11 /O | MFPO | General purpose digital 1/O pin.
12C0_SMBSUS O MFP1 | 12C0 SMBus SMBSUS# pin (PMBus CONTROL pin)
4 60 60 TMO /0 | MFP2 | TimerO event counter input / toggle output.
DPWM_RP (0] MFP3 [ Audio DPWM right channel positive output pin.
PA.12 /O | MFPO | General purpose digital 1/0 pin.
12C0_SMBAL O MFP1 | 12C0 SMBus SMBALERT# pin
* o1 o1 TMO_EXT /O | MFP2 | Timer0 external capture input.
SPI2_12SMCLK O MFP4 | SPI2 12S master clock output pin.
PA.13 /O | MFPO | General purpose digital 1/0 pin.
CLKO (0] MFP1 [ Clock Output pin.
46 62 62 INTO | MFP2 | External interruptO input pin.
DPWM_SN O MFP3 A_udio DPWM sub-woofer channel negative output
pin.
12C1_SCL /O | MFP4 | 12C1 clock pin.
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QFN48 LQFP64 | LQFPB4 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PA.14 /O | MFPO | General purpose digital 1/O pin.
SPI0_SS0 I/O | MFP1 [1st SPIO Slave Select pin
47 63 63 ™1 /O | MFP2 | Timerl event counter input / toggle output.
DPWM_SP (0] MFP3 [ Audio DPWM sub-woofer channel positive output
pin.
12C1_SDA /O | MFP4 |I12C1 data input/output pin.
PA.15 /O | MFPO | General purpose digital 1/O pin.
48 64 64 INTO | MFP1 | External interruptO input pin.
TM1_EXT /O | MFP2 | Timerl external capture input.
Note:

1. Part number ISD941XXBYI| and ISD941XXBRI do not provide DPWM and DMIC functionality.
Table 4.4-1 Pin Description
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4.5 GPIO Alternate Function Summary

MFP* = Multi-function pin. (Reference section )

Pin function is defined in SYS_GPx_MFPx registers. For example PAO~7 pin functions are defined in SYS_GPA_MFPL

register, and PA8~15 pin functions are defined in SYS_GPA_MFPH register.

ISD94100 Series Technical Reference Manual

MFPO MFP1 MFP2 MFP3 MFP4 MFP5
PA.O SPI0_SS1 EADCO_CHO DMIC_DATO
PA.1 SPI0_MOSI1 EADCO_CH1 DMIC_CLKO
PA.2 SPI0_MISO1 EADCO_CH2 DMIC_DAT1
PA.3 SPI0_MOSIO EADCO_CH3 DMIC_CLK1
PA.4 SPI0_MISOO0 EADCO_CH4 DPWM_LN
PA.5 SPI0_CLK EADCO_CH5 DPWM_LP
PA.6 SPI0_SS0 EADCO_CH6
PA.7 UARTO_TXD EADCO_CH7 SPI2_MISO
PA.8 UARTO_RXD EADCO_CH8 SPI2_MOSI
PA.9 12C0_SCL EADCO_CH9 SPI2_SS
PA.10 12C0_SDA EADCO_ST DPWM_RN SPI2_CLK
PA.11 12C0_SMBSUS TMO DPWM_RP
PA.12 12C0_SMBAL TMO_EXT SPI2_I2SMCLK
PA.13 CLKO INTO DPWM_SN I2C1_SCL
PA.14 SPI0_SS0 T™1 DPWM_SP I2C1_SDA
PA.15 INTO TM1_EXT
PB.O PWMO_SYNC_IN |I2C0_SCL PWMO_CHO
PB.1 PWMO_SYNC_OUT(12Cc0_SDA PWMO_CH1
PB.2 PWMO_CHO T™M2 PWMO_CH2
PB.3 PWMO_CH1 TM2_EXT DMIC_DAT1 UARTO_RXD PWMO_CH3
PB.4 UARTO_nCTS PWMO_CHO DMIC_CLK1 UARTO_TXD PWMO_CH4
PB.5 XT1_OUT PWMO_CH1 12C0_SDA I2C1_SDA DMIC_DATO
PB.6 XT1_IN PWMO_CH2 12C0_SCL I2C1_SCL DMIC_CLKO
PB.7 UARTO_nRTS PWMO_CH3
PB.8 UARTO_TXD PWMO_CH4
PB.9 UARTO_RXD PWMO_CH5
PB.13 USB_D+ 12S0_DI
PB.14 USB_D- 12S0_DO
PB.15 USB_VBUS 12S0_MCLK
PC.0 12C1_SCL X32_OUT SPI1_MOSI
PC.1 12C1_SDA X32_IN SPI1_MISO
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MFPO MFP1 MFP2 MFP3 MFP4 MFP5
PC.2 12C1_SMBSUS T™M3 SPI1_CLK
PC.3 12C1_SMBAL TM3_EXT SPI1_SS
PC.4 PWMO_CH2 CLKO SPI1_I2SMCLK
PC.5 INT1 SPI2_MOSI
PC.6 INT2 SPI2_MISO
PC.7 SPI0_SS0 SPI2_CLK
PC.8 SPI0_MOSI1 SPI2_SS
PC.9 SPI0_MISO1 SPI2_I2SMCLK
PC.10 SPI0_MOSIO PWMO_BRAKEO DPWM_RN
PC.11 SPI0O_MISO0 PWMO_BRAKE1 DPWM_RP
PC.12 SPIO_CLK DPWM_LN
PC.13 PWMO0_CH3 12C0_SCL DPWM_LP
PC.14 PWMO0_CH4 12C0_SDA DPWM_SN
PC.15 SPI0_SS1 DPWM_SP
PD.O INT3 12C1_SCL 12C0_SCL 12S0_BCLK DPWM_LN
PD.1 INT4 12C1_SDA 12C0_SDA 12S0_LRCK DPWM_LP
PD.2 TRACE_CLK SPI1_MOSI 12S0_MCLK 12C1_SCL TMO
PD.3 TRACE_DATAO SPI1_MISO 12S0_LRCK DMIC_CLK1 T™M2
PD.4 TRACE_DATA1 SPI1_CLK 12S0_DI DMIC_DAT1 ™1
PD.5 TRACE_DATA2  [SPI1_SS 12S0_DO DMIC_CLKO DPWM_RN
PD.6 TRACE_DATA3 SPI1_I12SMCLK 12S0_BCLK DMIC_DATO DPWM_RP
PD.7 PWMO_CH5 INT1
PD.8 ICE_CLK T™MO 12C1_SCL 12C0_SCL DPWM_SN
PD.9 ICE_DAT TMO_EXT [2C1_SDA [2C0_SDA DPWM_SP
PD.10 INTS EADCO_ST
PD.11 UARTO_TXD INT2
PD.12 UARTO_RXD INT3 PWMO_CH3 INTO
PD.13 SPI0_SS1 EADCO_CH10
PD.14 UARTO_nCTS EADCO_CH11 [2C0_SCL UARTO_TXD [2C1_SCL
PD.15 UARTO_nRTS EADCO_CH12 [2C0_SDA UARTO_RXD [2C1_SDA
Note:
1. Part number ISD941XXBY| does not provide DPWM and DMIC functionality.

Table 4.5-1 GPIO Alternate Function Summary
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5 BLOCK DIAGRAM

5.1 ISD94100 Series Block Diagram

( N ( Memory N\ ( Power control A ( Timer / PWM A (Analog Interface\
APROM - )
ARM 512KB POR/LVR/BOD | Timer x4 | | 12-bit ADC 13-ch
SR
SRAM 192KB WDT x1/WWDT x1
(DSP/FPU/ETM) CPU core LDO
200MHz LDROM 4KB 12v
Data Flash share
with APROM RTC
§ AN /) . /AN AN J
I I I Bridge I I
| AHB Bus = APB Bus |
[ i [l
Clock control 4 Security Y4 GPIO N ( Connectivity )
HS Osc.
48.0/49.152MHz
| CRC | | External interrupt | | UARTO x1 | | USB 1.1 Device |
PDMA
16-ch General Purpose | 12C x2 | | 12S |
10
HS Ext. Crystal | |
1-24 576MHz (SPI/12S) x2 | DMIC |
S Ex. Crysta g | SPI (Quad) x1 | | DPWM |
. V4
\. VAYAN _J N —/

Figure 5.1-1 1ISD94100 Series Block Diagram
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6 FUNCTIONAL DESCRIPTION

6.1 ARM® Cortex®M4 Core

The Cortex®-M4 processor, a configurable, multistage, 32-bit RISC processor, has three AMBA
AHB-Lite interfaces for best parallel performance and includes an NVIC component. The
processor with optional hardware debug functionality can execute Thumb code and is compatible
with other Cortex®-M profile processors. The profile supports two modes -Thread mode and
Handler mode. Handler mode is entered as a result of an exception. An exception return can only
be issued in Handler mode. Thread mode is entered on Reset, and can be entered as a result of
an exception return. The Cortex®-M4F is a processor with the same capability as the Cortex®-M4
processor and includes floating point arithmetic functionality. The ISD94100 series contains an
embedded Cortex®-M4F processor. Throughout this document, the name Cortex®-M4 refers to
both Cortex®-M4 and Cortex®-M4F processors. The following figure shows the functional
controller of the processor.

Cortex-M4 processor
Interrupts and VN :tedd T CortexMé
ower control OCctore ortex-Maor | N
P » Interrupt «—» Cortex-M4F Embedded
Controller processor core N Trace
(NV|C) Macrocell
> (ETM)
— } !
Wake-up 3
Interrupt i i
Controller Flash Patch Memory Wagitaoi nt
(WIC) Breakpoint «—» Protection 1« and Tface
(FPB) Unit (MPU) (DWT)
+ I L +
Yvy 3
¥ serial-Wire 1 ¥ +
or JTAG AHB Instrumentation Trace Port
Debug Port & Access Port ** Bus Matrix | Trace Macrocell » Interface Unit
(SW-DP or (AHB-AP) (ITM) Ll (TPIU)
SWJ-DP)
0
Serial-Wire or
JTAG Debug v v [fCoresign Traca Port
Interface ICode DCode System | ROM table Interface
AHB-Lite AHB-Lite AHB-Lite PPB APB
instruction data system debug system
interface interface interface interface
1 For the Cortex-M4F processor, the core includes a Floating Point Unit (FPU)
1 Optional component

Figure 6.1-1 Cortex®-M4 Block Diagram

Cortex®-M4 processor features:
® Alow gate count processor core, with low latency interrupt processing that has:

€ A subset of the Thumb instruction set, defined in the ARMv7-M Architecture
Reference Manual

€ Banked Stack Pointer (SP)

JUL 30, 2021 Page 44 of 913 Revl.2



nuvoTon 1ISD94100 Series Technical Reference Manual

€ Hardware integer divide instructions, SDIV and UDIV

4 Handler and Thread modes

4 Thumb and Debug states

€  Support for interruptible-continued instructions LDM, STM, PUSH, and POP for
low interrupt latency

€ Automatic processor state saving and restoration for low latency Interrupt

Service Routine (ISR) entry and exit
€  Support for ARMv6 big-endian byte-invariant or little-endian accesses
€  Support for ARMv6 unaligned accesses
®  Floating Point Unit (FPU) in the Cortex®-M4F processor providing:
®  32-bit instructions for single-precision (C float) data-processing operations

® Combined Multiply and Accumulate instructions for increased precision (Fused
MAC)

® Hardware support for conversion, addition, subtraction, multiplication with
optional accumulate, division, and square-root

Hardware support for denormals and all IEEE rounding modes

32 dedicated 32-bit single precision registers, also addressable as 16 double-
word registers

® Decoupled three stage pipeline

® Nested Vectored Interrupt Controller (NVIC) closely integrated with the processor core
to achieve low latency interrupt processing. Features include:

€ External interrupts. Configurable from 1 to 240 (the 1SD94100 series configured
with 97 interrupts)

€  Bits of priority, configurable from 3 to 8

L 2

Dynamic reprioritization of interrupts

€  Priority grouping which enables selection of preempting interrupt levels and non-
preempting interrupt levels

€  Support for tail-chaining and late arrival of interrupts, which enables back-to-back
interrupt processing without the overhead of state saving and restoration
between interrupts.

€ Processor state automatically saved on interrupt entry, and restored on interrupt
exit with on instruction overhead

€  Support for Wake-up Interrupt Controller (WIC) with Ultra-low Power Sleep mode
®  Memory Protection Unit (MPU). An optional MPU for memory protection, including:

€ Eight memory regions

€ Sub Region Disable (SRD), enabling efficient use of memory regions

€ The ability to enable a background region that implements the default memory
map attributes

® Low-cost debug solution that features:

® Debug access to all memory and registers in the system, including access to
memory mapped devices, access to internal core registers when the core is
halted, and access to debug control registers even while SYSRESETn is

JUL 30, 2021 Page 45 of 913 Revl.2



NnuvoTonN

ISD94100 Series Technical Reference Manual

0 - -

asserted.
®  Serial Wire Debug Port(SW-DP) debug access

®  Optional Flash Patch and Breakpoint (FPB) unit for implementing breakpoints
and code patches

®  Optional Data Watchpoint and Trace (DWT) unit for implementing watchpoints,
data tracing, and system profiling

®  Optional Instrumentation Trace Macrocell (ITM) for support of printf() style
debugging

® Optional Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer
(TPA), including Single Wire Output (SWO) mode

® Bus interfaces:

€ Three Advanced High-performance Bus-Lite (AHB-Lite) interfaces: ICode,
Dcode, and System bus interfaces

Private Peripheral Bus (PPB) based on Advanced Peripheral Bus (APB)
interface

L 2

Bit-band support that includes atomic bit-band write and read operations.
Memory access alignment

Write buffer for buffering of write data

L R IR R 4

Exclusive access transfers for multiprocessor systems
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6.2 System Manager

6.2.1 Overview

System management includes the following sections:
System Reset

System Power Distribution

SRAM Memory Organization

System Timer (SysTick)

Nested Vectored Interrupt Controller (NVIC)
System Control register

6.2.2 System Reset

A system reset sets all registers to their reset values except some of the registers listed in Table
6.2.2-1, which will maintain their original values after reset.
A system reset can be triggered by one of the nine sources listed below. The reset source can be
identified by checking the reset flag bits in the System Reset Status Register (SYS_RSTSTS).
® Hardware Reset Sources
- Power-on Reset
- Low level on the nRESET pin
- Watchdog Time-out Reset and Window Watchdog Reset (WDT/WWDT Reset)
- Low Voltage Reset (LVR)
- Brown-out Detector Reset (BOD Reset)
- CPU Lockup Reset
®  Software Reset Sources
- CHIP Reset: writing 1 to CHIPRST (SYS_IPRSTO[0]) will reset whole chip.
- MCU Reset: writing 1 to SYSRESETREQ (AIRCR[2]) will reboot the device,
according to the boot selection defined in configuration byte CONFIGO.
- CPU Reset: writing 1 to CPURST (SYS_IPRSTO[1]) will reset Cortex®-M4 core

Only.
| Glitch Filter
nRESET [} |H e
~50k ohm
@3.3v POROFF(SYS_PORCTL[15:0])

Power-on é
Voo D Reset

LVREN(SYS_BODCTL[7])

Low Voltage é Reset Pulse Width
Reset ~3.2ms

BODRSTEN(SYS_BODCTL[3])

Brown-out é
Reset

WDT/WWDT Reset Pulse Width \ System Reset
Reset 64 WDT clocks
CPU Lockup Reset Pulse Width
Reset 2 system clocks
CHIP Reset
CHIPRST(SYS_IPRSTOI[0])
MCU Reset — \ Software Reset | Reset Pulse Width
SYSRSTREQ(AIRCR[2]) — J 2 system clocks
CPU Reset

CPURST(SYS_IPRSTO[1])

Figure 6.2-1 System Reset Sources
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There are a total of 9 reset sources in the ISD94100 series. In general, CPU reset is used to reset
Cortex®-M4 only; the other reset sources will reset Cortex®-M4 and all peripherals. However,
there are small differences between each reset source and they are listed in Table 6.2.2-1.

Reset Sources

POR NRESET WDT LVR BOD Lockup CHIP MCU CPU
Register
SYS_RSTSTS Bit0O=1 |Bitl=1 |Bit2=1 |Bit3=1 |[Bit4=1 |Bit8=1 |Bit0=1 Bit5=1 |Bit7 =
1
CHIPRST 0x0 - - - - - - - -
(SYS_IPRSTO[0])
BODEN Reload Reload Reload Reload - Reload Reload Reload -
from from from from from from from
(SYS_BODCTL0]) CONFIGO |[CONFIGO |CONFIGO |CONFIGO CONFIGO |CONFIGO |CONFIGO
BODVL
(SYS_BODCTL[18:16])
BODRSTEN
(SYS_BODCTL[3])
HXTEN Reload Reload Reload Reload Reload Reload Reload Reload
from from from from from from from

from
(CLK_PWRCTLI0]) CONFIGO |CONFIGO |CONFIGO |CONFIGO |CONFIGO |[CONFIGO |[CONFIGO |CONFIGO

LXTEN 0x0 - - - - - - - -
(CLK_PWRCTL[1])

WDTCKEN ox1 - ox1 - - - ox1 - -
(CLK_APBCLKO[0])

HCLKSEL Reload Reload Reload Reload Reload Reload Reload Reload -
. from from from from from from from from
(CLK_CLKSELO[2:0]) CONFIGO |CONFIGO |CONFIGO |CONFIGO |CONFIGO |CONFIGO |[CONFIGO |CONFIGO

WDTSEL 0x3 0x3 - - ; - i . .
(CLK_CLKSEL1[1:0])

HXTSTB 0x0 - - - - - - - -
(CLK_STATUS[0])

LXTSTB 0x0 - - - - - - - -
(CLK_STATUSI[1])

PLLSTB 0x0 - - - - - - - -
(CLK_STATUS[2])

HIRCSTB 0x1 - - - - - - - -
(CLK_STATUS[4])

CLKSFAIL 0x0 0x0 - - ; - . . .
(CLK_STATUS[7])

RSTEN Reload Reload Reload Reload Reload - Reload - -
from from from from from from

(WDT_CTL[1]) CONFIGO |[CONFIGO |CONFIGO |CONFIGO |CONFIGO CONFIGO

WDTEN

(WDT_CTL[7])

WDT_CTL 0x0700 |0x0700 0x0700 0x0700 0x0700 - 0x0700 - -

except bit 1 and bit 7
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WDT_ALTCTL 0x0000 |0x0000 0x0000 0x0000 0x0000 |- 0x0000 - -
WWDT_RLDCNT 0x0000 |0x0000 0x0000 0x0000 0x0000 |- 0x0000 - -
WWDT_CTL 0x3F0800 |0x3F0800 |0x3F0800 |0x3F0800 |0x3F0800 |- 0x3F0800 |[- -
WWDT_STATUS 0x0000 [Ox0000 0x0000 0x0000 0x0000 - 0x0000 - -
WWDT_CNT Ox3F Ox3F Ox3F Ox3F 0x3F - Ox3F - -
BS Reload |Reload Reload Reload Reload - Reload - -
(FMC_ISPCTLIL]) fCrJ(z)nlllFlGO fCr:(())nlllFIGO fCr:(())nlllFIGO f(rlté‘)nlq\lFIGO f(rI(())nlllFIGO g(())nRIFIGO
FMC_DFBA Reload Reload Reload Reload Reload - Reload - -
from from from from from from
CONFIG1 [CONFIG1 |CONFIG1 |CONFIG1 |CONFIG1 CONFIG1
CBS Reload |Reload Reload Reload Reload - Reload - -
(FMC_ISPSTS[2:1)) fcri%nlllFlGO g%nlllFlGO g%nlllFlGO f(r:(())rrlllFIGO f(rt(?)nlllFlGO f(r:(())nlllFlGO
VECMAP Reload |Reload Reload Reload Reload - Reload - -
(FMC_ISPSTS23:8]) |38 O [CONFIGO |CONFIGD |CONFIGO |[CONFIGD CONFIGO
Other Peripheral Reset Value -
Registers
FMC Registers Reset Value
Note: ‘- means that the value of register keeps original setting.

Table 6.2.2-1 Reset Value of Registers

6.2.2.1 nRESET Reset
nRESET is triggered by pulling nRESET pin low. nRESET pin is an asynchronous reset input pin
so that it can be used to reset the system any time.
Pull nRESET pin to < 0.3* Vpp for > 66us will reset the chip. Once entered reset state, only high
voltage (> 0.7* Vpp) presented on nRESET pin for >66us can exit the reset state. See nRESET
reset waveform in Figure 6.2-2.
After an nRESET reset, the PINRF bit (SYS_RSTSTS[1]) will be set, indicating the previous reset
source is an nRESET reset. Writing 1 to PINRF clears the bit.

NRESET | ﬁ
0.7 Voo i | %
| | 66 us |
0.3 Voo | NN | i
‘ )) ‘ ‘
| -« | |
66 us
;<—>1 | i

nRESET Reset ! _

2

Figure 6.2-2 NnRESET Reset Waveform

6.2.2.2 Power-on Reset (POR)
System power-on generates the Power-on reset (POR). When power is applied, the POR module
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detects the rising voltage and generates reset signal. The reset signal stays active until the
voltage is ready for MCU operation. PORF bit (SYS_RSTSTS|[0]) will be set to 1 to indicate a
POR reset event. The PORF bit (SYS_RSTSTS[0]) can be cleared by writing 1 to it.

6.2.2.3 Low Voltage Reset (LVR)
Writing 1 to LVREN bit (SYS_BODCTL[7]) enables the Low Voltage Reset (LVR) function. If
enabled, the LVR function module keeps monitoring Vpp during system operation.
If Vpp voltage has been lower than Vg, a LVR reset will be triggered and the chip will be reset.
Once triggered, the LVR reset keeps the chip in reset state until the Vpp voltage rises back and
has been above V r.
By default, Low Voltage Reset is enabled without De-glitch function.

6.2.2.4 Brown-out Detector Reset (BOD Reset)

Writing 1 to Brown-out Detector Enable Bit BODEN (SYS_BODCTL[0]) enables the Brown-out
Detector (BOD) function. In addition, writing 1 to the BODRSTEN (SYS_BODCTL[3]) enables the
BOD reset function. When enabled, the BOD module monitors Vpp during system operation, if
Vpp voltage is lower than Vgop (defined by BODVL bits in SYS_BODCTL[18:16]) for more than
De-glitch time (defined by BODDGSEL bits in SYS_BODCTL[10:8]), a BOD reset will be
triggered. The BOD reset keeps the chip in reset state until a condition is met that Vpp voltage has
been higher than Vgop for more than De-glitch time (defined by BODDGSEL).

Initial values of BODEN, BODVL and BODRSTEN (SYS_BODCTL[3]) are defined in flash
configuration byte CONFIGO. Figure 6.2-3 shows the Brown-out Detector waveform.

VDD

VBODH_ - - -\ - -"-—"-—---= - - - - - - - =--
Hysteresis

Voo ———— ¢4 ——f|l——¢———— — — — —

BODOUT — ]

|
T3
(= BODDGSEL) |

BODRSTEN

Brown-out
Reset

Figure 6.2-3 Brown-out Detector (BOD) Waveform

6.2.2.5 Watchdog Timer Reset (WDT)
A Watchdog reset can be identified by checking WDTRF bit (SYS_RSTSTS[2]).
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6.2.2.6 CPU Lockup Reset

CPU enters lockup state after CPU produces hardfault at hardfault handler. This is the result of
the CPU being locked because of an unrecoverable exception, following the activation of the
processor’s built in system state protection hardware. When chip is in debug mode, the CPU
lockup reset will be ignored.

6.2.2.7 CPU Reset, CHIP Reset and MCU Reset

A CPU Reset only resets the Cortex®-M4 core, while all other peripherals keep the state as is.
Writing 1 to CPURST bit(SYS_IPRSTO[1]) triggers a CPU reset.

CHIP Reset acts the same as Power-on Reset. The CPU and all peripherals are reset and
BS(FMC_ISPCTL[1]) bit is automatically reloaded from CONFIGO0. Writing 1 to CHIPRST bit
(SYS_IPRSTO[1]) triggers a CHIP Reset.

MCU Reset is similar to CHIP Reset as the only difference is that MCU Reset does not reload
BS(FMC_ISPCTL[1]) from CONFIGO; so where device will boot from (APROM or LDROM) still
depends on the old value in BS(FMC_ISPCTL[1]). Writing 1 to SYSRESETREQ bit (AIRCR[2])
triggers a MCU Reset.

6.2.2.8 Reset Flag
After wake-up or reset from each power modes, reset flag in SYS_RSTSTS register will take
effect when system return Normal mode. Table 6.2.2-2 shows the LVRF (SYS_RSTSTS[3]),
PINRF (SYS_RSTSTS[1]) and PORF (SYS_RSTSTS|[0]) effect when wake-up or reset from
different power modes. Note that LVR function cannot be used in DPD mode.

Conditions Flag
Power |power-on |-°W NRESET LVRF PINRF PORF
Voltage Wakeup
Mode Reset Reset Reset SYS_RSTSTSI3] SYS_RSTSTS[1] SYS_RSTSTS[0]
\% - - - \% \% V
Normal /
Idle ) v ) ) v
\% \%
\% \% \% V
\ \% \% V
SPDO0/1
\% \% V
\% \% V
\% - \% Vv V
DPD - - \% Vv V
\% \% \% V

Table 6.2.2-2 Reset Flag Table

6.2.3 System Power Distribution

ISD94100 series device power distribution is divided into:
® Analog power from AVpp and AVss: provides the power for analog components
operation.
® Digital power from Vpp and Vss: supplies the power to the internal regulator which
provides a regulated 1.2 V power for digital operation.
® USB transceiver power from USB_Vppss Offers the power for operating the USB
transceiver.
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Analog power (AVpp) should be at the same voltage level as digital power (Vpp).

Both power supplies should have decoupling capacitors placed as close as possible to pins
preferably with no via.

The outputs of internal voltage regulator, LDO_CAP, requires an external capacitor which should
be located close to LDO_CAP pin and returned directly to Vss. The Figure 6.2-4 shows the power
distribution of the ISD94100 series.

>| >|
m m
n 0
o B |
| N
Digital UsB 1.1
igita SRAM Flash PHY
Logic
10 Cell ] PB.13~PB.15
LDO_CAP | | 12v | | |
LT i 1 i | i A
luF;
PLL POR12 12-bit ADC [ AVeo
<] AVss
4~24.576
PB.5 11— Power On Vpp to 1.2V GPIOs except
MHz crystal POR33 10 Cell O
PB.6 1+ oscillator Control LDO PB.13~PB.15
I [ [ 4
pc.o b—| 32.768 kHz Low Voltage Reset 48.0/49.152 10 KHz
c crystal | F--------—--——- MHz HIRC LIRC
PC.1 p— oscillator Brown-out Detector Oscillator Oscillator
ISD94100 Series Power Distribution 4 on
8 4
> >

Figure 6.2-4 1ISD94100 Series Power Distribution Diagram

6.2.4 Power Modes

The ISD94100 series power mode include Normal mode, Idle mode and Power-down mode. The
system starts up in Normal mode. In Idle mode, only CPU clock is disabled while other
peripherals work normally. If system is waiting for an interrupt only, the user can set system in Idle
mode to save power and wake-up quickly. The user can set system into Power-down mode when
system does not need to work for a long time. 1ISD94100 series provides several power-down
modes with different power consumption level.

The ISD94100 series includes the following power modes:

Normal mode

The system starts up in Normal mode. All clock sources and peripheral can be enabled or
disabled by wuser in register CLK_PWRCTL (System Power-down Control Register),
CLK_AHBCLK (AHB Devices Clock Enable Control Register), CLK_APBCLKO (APB Devices
Clock Enable Control Register 0) and CLK_APBCLK1 (APB Devices Clock Enable Control
Register 1). The user can disable unused clock or peripheral to save power.
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Idle mode

If system is waiting for an interrupt only. The user can set system in idle mode. In idle mode, only
CPU clock is disabled, other peripherals work normally. System waits interrupt to wake-up, returns
to Normal mode and program execution continues. All interrupts can wake-up system from Idle
mode.

Power-down mode (PD)

In Power-down mode (PD), CPU clock is disabled and LDO enters low power mode. All clock
source will be disabled except LXT and LIRC, LXT and LIRC can be controlled by CLK_PWRCTL
register. If they are enabled and peripheral clock source are selected as LXT or LIRC, the
peripheral can keep working in Power-down mode. System waits wake-up source occurred to
wake-up, returns to Normal mode and program execution continues. In system wake-up phase,
system waits for LDO recovery, and clock sources are enabled again and stable.

Low Leakage Power-down mode (LLPD)

In Low Leakage Power-down mode (LLPD), CPU clock is disabled, LDO enters low power mode
and LDO voltage drops down from current working voltage to 0.9 V to save power. All clock
source will be disabled except LXT and LIRC, LXT and LIRC can be controlled by CLK_PWRCTL
register. If they are enabled and peripheral clock source are selected as LXT or LIRC, the
peripheral can keep working in Low Leakage Power-down mode. System waits wake-up source
occurred to wake-up, returns to Normal mode and program execution continues. In system wake-
up phase, besides waiting for LDO recovery and clock sources are enabled and stable, system
also needs to wait for LDO voltage rising to the original working voltage. The Low Leakage
Power-down mode wake-up sources are the same as Power-down mode.

Standby Power-down mode 0 (SPDO0)

In Standby Power-down mode 0 (SPDO), all power supply is disabled except SPDO control logic,
LXT and LIRC. The SPDO control logic controls Standby Power-down mode wake-up functions
and system SRAM bankO to retain data. After wake-up from Standby Power-down mode 0
(SPDO), system resets and executes code from the beginning again. All peripheral configurations
return to default value and all SRAM data will be lost except system SRAM bank0 data can be
retained.

After system wake-up from Standby Power-down mode 0 (SPDO0), GPIO will keep their states
before entering Standby Power-down mode 0. They cannot be controlled by GPIO or peripherals
register after system wake-up, for example: UART cannot print message and ICE cannot
download code. To control GPIO, the user have to write 1 to register CLK_IOPDCTL (GPIO
Standby Power-down Control Register) after system wake-up to release GPIO hold state function.

Standby Power-down mode 1 (SPD1)

In Standby Power-down mode 1 (SPD1), all power supply is disabled except SPD1 control logic,
LXT and LIRC. The SPD1 control logic controls Standby Power-down mode wake-up functions.
After wake-up from Standby Power-down mode 1 (SPD1), system resets and executes code from
the beginning again. All peripheral configurations return to default value and all SRAM data will be
lost.

After system wake-up from Standby Power-down mode 1 (SPD1), GPIO will keep their states
before entering Standby Power-down mode 1. They cannot be controlled by GPIO or peripherals
register after system wake-up, for example: UART cannot print message and ICE cannot
download code. To control GPIO, the user have to write 1 to register CLK_IOPDCTL (GPIO
Standby Power-down Control Register) after system wake-up to release GPIO hold state function.

Deep Power-down mode (DPD)

In Deep Power-down mode (DPD), all power supply is disabled except DPD control logic. The
DPD control logic controls Deep Power-down mode wake-up functions. After wake-up from Deep
Power-down mode (DPD), system resets and executes code from the beginning again. All
peripheral configurations return to default value and all SRAM data will be lost. The Deep Power-
down mode (DPD) wake-up sources include Wake-up Timer and Wake-up Pin (PA.15).
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ISD94100 series is equipped with power management unit to support different power modes for
saving power. Table 6.2.5-1 lists all power mode at ISD94100 series.

Power Mode CPU operating maximum |LDO_CAP|Clock Disable
speed )
(MHz)
Normal mode 160 1.20  |All clocks are disabled by control register.
Turbo mode 200 1.26  |All clocks are disabled by control register.
Idle mode CPU enter Sleep mode 1.20 |Only CPU clock is disabled.
Power-down mode CPU enters Deep Sleep mode 1.20 Most clocks are disabled except LIRC/LXT, and
(PD) only RTC/WDT/Timer/UART peripheral clocks
still enable if their clock sources are selected as
LIRC/LXT.
Low leakage Power-down| CPU enters Deep Sleep mode 0.9 Most clocks are disabled except LIRC/LXT, and
mode only RTC/WDT/Timer/UART peripheral clocks
(LLPD) still enable if their clock sources are selected as
LIRC/LXT.
Standby Power-down mode 0 Power off Floating |Only LIRC still enable for wake-up timer usage
(SPDO0)
Standby Power-down mode 1 Power off Floating |Only LIRC still enable for wake-up timer usage
(SPD1)
Deep Power-down mode Power off Floating |Only LIRC still enable for wake-up timer usage

(DPD)

Table 6.2.5-1 Power Mode Table

There are different power mode entry settings. Each power mode has different entry setting and
leaving condition. Table 6.2.5-2 shows the enry setting for each power mode. When chip power-
on, chip is running at normal mode. User can enter each mode by configuring SLEEPDEEP
(SCR[2]), PDEN (CLK_PWRCT]I7]) and PDMSEL (CLK_PMUCTL][2:0]) bits and then execute WFI

instruction.
Register/Instruction SLEEPDEEP PDEN PDMSEL CPU Run WFI
Mode (SCR[2]) (CLK_PWRCTL[7]) |(CLK_PMUCTL[2:0]) |"Mstruction
Normal mode 0 0 0 NO
Idle mode 0 0 0 YES
Power-down mode 1 1 0 YES
Low leakage Power-down mode 1 1 1 YES
Standby Power-down mode 0 1 1 4 YES
Standby Power-down mode 1 1 1 5 YES
Deep Power-down mode 1 1 6 YES

Table 6.2.5-2 Power Mode Difference Table
Note:
1. User must turn on LIRC before entering PD, LLPD and SPDO0/1 mode.
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There are several wake-up sources in Idle mode and Power-down mode. Table 6.2.5-3 lists the
available clocks for each power mode.

Power Mode Normal Mode Idle Mode Power-Down Mode

Definition CPU is in active state CPU is in sleep state CPU is in sleep state and all
clocks stop except LXT and
LIRC. SRAM content retained.

Entry Condition Chip is in normal mode after |CPU executes WFI instruction. |CPU sets sleep mode enable
system reset released and power down enable and
executes WFI instruction.

Wake-up Sources N/A All interrupts RTC, WDT, I2C, Timer, UART,
BOD, GPIO, EINT, USBD.

Available Clocks All All except CPU clock LXT and LIRC

After Wake-up N/A CPU back to normal mode CPU back to normal mode

Table 6.2.5-3 Power Mode Difference Table

System reset released

Normal Mode
CPU Clock ON

HXT, HIRC, LXT, LIRC, HCLK, PCLK ON

Flash ON

CPU executes WFI Interrupts occur

1. SLEEPDEEP(SCR[2]) =1
2. PDEN(CLK_PWRCTL[7]) =1
3. CPU executes WFI

Wake-up events
occur

Idle Mode
CPU Clock OFF
HXT, HIRC, PCLK ON
LXT, LIRC ON

Flash Halt

Power-down Mode
CPU Clock OFF

HXT, HIRC, PCLK OFF
LXT, LIRC ON

Flash Halt

Figure 6.2-5 1SD94100 Series Power Mode State Machine
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Normal Mode Idle Mode PD, LLPD SPDO, SPD1 DPD
HXT ON ON Halt Halt Halt
HIRC ON ON Halt Halt Halt
LXT ON ON ON/OFF! ON/OFF' Halt
LIRC ON ON ON ON ON/OFF?
PLL ON ON Halt Halt Halt

HCLK/PCLK ON ON Halt Halt Halt
CPU ON Halt Halt Halt Halt
SRAM retention ON ON ON Halt Halt
FLASH ON ON Halt Halt Halt
TIMER ON ON ON/OFF?® Halt Halt
WDT ON ON ON/OFF* Halt Halt

RTC ON ON ON/OFF?® ON/OFF® Halt
UART ON ON ON/OFF® Halt Halt
Others ON ON Halt Halt Halt

Table 6.2.5-4 Clocks in Power Modes

Note:
. LXT ON or OFF depends on S/W setting in normal mode.
. LIRC ON or OFF depends on S/W setting in normal mode.
. If TIMER clock source is selected as LIRC/LXT and LIRC/LXT is on.

1
2
3
4. If WDT clock source is selected as LIRC and LIRC is on.
5. If RTC clock source is selected as LXT and LXT is on.

6

. If UART clock source is selected as LXT and LXT is on.
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Wake-up sources in Power-down mode:
Table 6.2.5-5 lists all wake-up sources that can wake chip up from power down mode to normal
mode, wake-up condition and conditions on how to re-enter the power down mode again.

User needs to wait this condition before setting PDEN(CLK_PWRCTL[7]) and execute WFI to
enter Power-down mode.

ISD94100 Series Technical Reference Manual

Note that before entering each power down mode, user needs to enable wake-up source NVIC
interrupt and make sure that other peripherals’ interrupt are disabled. In addition, if BOD function
is enabled, BOD NVIC interrupt must be enabled before entering power down mode.

Power down mode

Wake-Up
Wake-Up Condition Condition that System Re-enter Power-Down Mode *
Source pondiionlon,  |sppoi |pPD ! i wer-Dow
LLPD
Brown-Out Detector After  software  writes 1 to clear BODIF
BOD Interrupt Y N N l(sys_BODCTLM).
BOD Brown-Out Detector N v N BODWK(CLK_PMUSTS[4]) is cleared when SPD mode
Interrupt is entered.
LVR LVR Reset Y Y N After software writes 1 to clear LVRF(SYS_RSTSTSJ[3])
POR POR Reset N N v _PORWK(CLK_PMUSTS[O]) is cleared when DPD mode
is entered.
POR POR Reset Y Y N After software writes 1 to clear PORF(SYS_RSTSTSJ[0])
INT External Interrupt Y N N After software write 1 to clear the Px_INTSRCIn] bit.
GPIO GPIO Interrupt Y N N After software write 1 to clear the Px_INTSRCIn] bit.
GPIO(PA~PD) [ rising or falling edge GPXWK(CLK_PMUSTS[11:8]) is cleared when SPD
A . N Y N .
Wake-up pin event, 58-pin mode is entered.
GPIO(PA.15) |rising or falling edge N N v PINWK(CLK_PMUSTS[1]) is cleared when DPD mode is
Wake-up pin event, 1-pin entered.
TIMER Timer Interruot v N N After  software  writes 1 to clear TWKF
P (TIMERx_INTSTS[1]) and TIF (TIMERx_INTSTS[0]).
Wakeup timer : DPD_TMRWK (CLK_PMUSTS[2]) or SPD_TMRWK]
Walfe“p by wake-up| Y Y  |(cLK_ PMUSTSI6)) is cleared when SPD or DPD mode is
imer time-out
entered.
WDT After software writes 1 to clear WKF (WDT_CTL[5])
WDT Interrupt Y N N (Write Protected).
RTC Alarm Interrupt Y N N After software writes 1 to clear ALMIF (RTC_INTSTSIO0]).
) ) After  software  writes 1 to clear TICKIF
Time Tick Interrupt Y N N (RTC_INTSTS[1]).
Wakeup by RTC N v N RTCWK(CLK_PMUSTS[5]) is cleared when SPD mode
alarm is entered.
RTC
Wakeup by RTC tick N v N RTCWK(CLK_PMUSTS[5]) is cleared when SPD mode
time is entered.
UART After  software writes 1 to clear CTSWKF
nCTS wake-up Y N N |(UARTX_WKSTS[0)).
After software writes 1 to clear DATWKF
RX Data wake-up Y N N (UARTX_WKSTS[1]).
Received FIFO v N N After software writes 1 to clear RFRTWKF
Threshold Wake-up (UARTx_WKSTS[2]).
JUL 30, 2021 Page 57 of 913 Revl.2




nuvoTon ISD94100 Series Technical Reference Manual

0 -

RS-485 AAD Mode After software writes 1 to clear RS485WKF
Wake-up (UARTx_WKSTSJ[3]).

Received FIFO After software writes 1 to clear TOUTWKEF

Threshold Time-out Y N N
Wake-up (UARTx_WKSTS[4]).
1’c After software writes 1 to clear WKAKDONE|
Ad%\l;giz_r:;atch Y N N (I2C_WKSTSI[1]). Then software writes 1 to clear
P WKIF(12C_WKSTS[0]).
USBD Remote Wake-up Y N N After  software  writes 1 to clear BUSIF

(USBD_INTSTS[0]).
Table 6.2.5-5 Re-Entering Power-down Mode Condition
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6.2.6 Brown-out Detector and Low Voltage Reset Controller Configuration

ISD94100 series is equipped with brown-out detector and low voltage reset controller function.
Low voltage reset controller is enabled by setting LVREN(SYS_BODCTL[7]) to 1. Brown-out
detector is enabled by setting both LVREN(SYS_BODCTL][7]) and BODEN(SYS_BODCTL[0]) to
1. Both brown-out detector and low voltage reset controller also integrates low power mode
function, the low power mode is enabled by setting BODLPM(SYS_BODCTL[5]). When enable
low power mode, brown-out detector and low voltage reset controller will consume less power, but
the detection speed will become slow (The response time is about 13ms). When using brown-out
detector and low voltage reset controller, the LIRC must be turned on. In addition, the brown-out
detector cannot operate independently without enabled low voltage reset controller.

Power Mode LVREN BODEN BODLPM LVR / BOD Operation Mode
(SYS_BODCTL[7]) (SYS_BODCTL[0]) (SYS_BODCTL[5]) LVR BOD
Normal / Idle / PD 0 X X Disabled Disabled
1 0 X Normal Disabled
1 1 0 Normal Normal
1 1 1 Low power Low power
LLPD / SPDO / 0 X X Disabled Disabled
SPD1
1 0 X Low power Disabled
1 1 0 Normal Normal
1 1 1 Low power Low power
DPD X X X Disabled Disabled

Table 6.2.6-1 Brown-out Detector and Low Voltage Reset Controller Effect Table

Note: X means don’t care, write 1 or 0 to correspond register bit will not affect functionality.
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ry Map

The 1SD94100 series provides 4G-byte addressing space. The memory addresses assigned to
each on-chip controllers are shown in Table 6.2.7-1. The detailed register definition, memory
space, and programming will be described in the following sections for each on-chip peripheral.
The 1ISD94100 series only supports little-endian data format.

Address Space Token Controllers
Flash and SRAM Memory Space
0x0000_0000 — 0x0007_FFFF FLASH_BA FLASH Memory Space (512 Kbytes)
0x2000_0000 — 0x2000_7FFF SRAMO_BA SRAM Memory Space (32 Kbytes)
0x2000_8000 — 0x2002_FFFF SRAM1_BA SRAM Memory Space (160 Kbytes)

Peripheral Controllers Space (0x4000_0000 — 0x400F

FFFF)

0x4000_0000 — 0x4000_01FF SYS_BA System Control Registers
0x4000_0200 — 0x4000_02FF CLK_BA Clock Control Registers
0x4000_0300 — 0x4000_03FF NMI_BA NMI Control Registers
0x4000_4000 — 0x4000_4FFF GPIO_BA GPIO Control Registers
0x4000_8000 — 0x4000_8FFF PDMA_BA Peripheral DMA Control Registers
0x4000_C000 — 0x4000_CFFF FMC_BA Flash Memory Control Registers
0x4003_1000 — 0x4003_1FFF CRC_BA CRC Generator Registers

APB Controllers Space (0x4000_0000 ~ 0x400F_FFFF)

0x4004_0000 — 0x4004_OFFF WDT_BA Watchdog Timer Control Registers
0x4004_1000 — 0x4004_1FFF RTC_BA Real Time Clock (RTC) Control Register
0x4004_3000 — 0x4004_3FFF EADC_BA Enhanced Analog-Digital-Converter (EADC) Control Registers
0x4004_8000 — 0x4004_8FFF 12S0_BA I°S0 Interface Control Registers
0x4005_0000 — 0x4005_OFFF TMRO1_BA TimerO/Timer1 Control Registers
0x4005_1000 — 0x4005_1FFF TMR23_BA Timer2/Timer3 Control Registers
0x4005_8000 — 0x4005_8FFF PWMO0_BA PWMO Control Registers

0x4006_0000 — 0x4006_OFFF SPIO_BA SPI0 Control Registers

0x4006_1000 — 0x4006_1FFF SPI1_BA SPI1 Control Registers

0x4006_2000 — 0x4006_2FFF SPI2_BA SPI2 Control Registers

0x4006_3000 — 0x4006_30FF DMIC_BA DMIC Control Registers

0x4006_3100 — 0x4006_3FFF VAD_BA VAD Control Registers

0x4006_4000 — 0x4006_4FFF DPWM_BA DPWM Control Registers

0x4007_0000 — 0x4007_OFFF UARTO_BA UARTO Control Registers

0x4008_0000 — 0x4008_OFFF 12C0_BA I°CO Control Registers

0x4008_1000 — 0x4008_1FFF 12C1_BA I*C1 Control Registers

0x400C_0000 — 0x400C_OFFF USBD_BA USB Device Control Register
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System Controllers Space (0xE000_E000 ~ 0xE000_EFFF)

0xE000_EO010 — 0XxEO00_EOFF SCS_BA System Timer Control Registers
0xE000_E100 — 0OXxEOO0_ECFF SCS_BA External Interrupt Controller Control Registers
0xEO000_EDOQO — 0xEO00_ED8F SCS_BA System Control Registers

Table 6.2.7-1 Address Space Assignments for On-Chip Controllers

6.2.8 SRAM Memory Organization

The 1ISD94100 series supports up to 192 KB of embedded SRAM and the SRAM organization is
separated to two banks: SRAM bank0 and SRAM bank1. The SRAM bank0 supports parity error
check to make sure chip operating more stable.

Supports up to 192 KB of SRAM

Supports byte / half word / word write

Supports parity error check function for SRAM bank0
Supports oversize response error

A

AHB interface
— —P SRAM decoder -4—p SRAM bank0
controller
AHB interface
—P controller —P> SRAM decoder -4—» SRAM bankl

Figure 6.2-6 SRAM Block Diagram

JUL 30, 2021 Page 61 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

A 0x3FFF_FFFF
Reserved
0x2003_0000
0x2002_FFFF
m
=
N
o 160 KB
SRAM
0x2000_8000
0x2000_7FFF
32 KB
SRAM
Yy 0x2000_0000

Figure 6.2-7 SRAM Memory Organization

SRAM address from 0x2000_0000 to 0x2000_7FFF has byte parity error check function. When
CPU is accessing SRAM address from 0x2000_0000 to 0x2000_7FFF the parity error checking
mechanism is operating dynamically. If parity error occurrs, the PERRIF
(SYS_SRAM_STATUS[0]) will be asserted to 1 and the SYS_SRAM_ERRADDR register will
record the address with parity error. Chip will enter interrupt when SRAM parity error occurs if
PERRIEN (SYS_SRAM_INTCTL][0]) is set to 1. When SRAM parity error occurs, chip will stop
detecting SRAM parity errors until user writes 1 to clear the PERRIF(SYS_SRAM_STATUS[0]) bit.

6.2.9 HIRC Auto Trim

This chip supports auto-trim function: the HIRC trim, according to the accurate LXT (32.768 kHz
crystal oscillator) or USB SOF (Start-Of-Frame), automatically gets accurate HIRC output
frequency, 0.25 % deviation within all temperature ranges.

For instance, the system needs an accurate 49.152 MHz or 48 MHz clock. In such case, if neither
using PLL as the system clock source nor soldering 32.768 kHz crystal in system, user has to set
REFCKSEL (SYS_IRCTCTL[10] reference clock selection) to “1”, set FREQSEL
(SYS_IRCTCTL[1:0] trim frequency selection) to “10” or “11”, and the auto-trim function will be
enabled. Interrupt status bit FREQLOCK (SYS_IRCTISTS[8] HIRC frequency lock status) “1”
indicates the HIRC output frequency is accurate within 0.25% deviation.
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6.2.10 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 = 0x4000_0000

SYS_PDID SYS_BA+0x00 R  [Part Device Identification Number Register 0x1DXX_05XX M
SYS_RSTSTS SYS_BA+0x04 R/W |System Reset Status Register 0x0000_0043
SYS_IPRSTO SYS_BA+0x08 R/W |Peripheral Reset Control Register 0 0x0000_0000
SYS_IPRST1 SYS_BA+0x0C R/W |Peripheral Reset Control Register 1 0x0000_0000
SYS_IPRST2 SYS_BA+0x10 R/W |Peripheral Reset Control Register 2 0x0000_0000
SYS_BODCTL SYS_BA+0x18 R/W |Brown-Out Detector Control Register 0x000X_038X
SYS_PORCTL SYS_BA+0x24 R/W |Power-On-Reset Controller Register 0x0000_0000
SYS_USBPHY SYS_BA+0x2C R/W |USB PHY Control Register 0x0000_0000
SYS_GPA_MFPL SYS_BA+0x30 R/W |GPIOA Low Byte Multiple Function Control Register |0x0000_0000
SYS_GPA_MFPH SYS_BA+0x34 R/W |GPIOA High Byte Multiple Function Control Register |0x0000_0000
SYS_GPB_MFPL SYS_BA+0x38 R/W |GPIOB Low Byte Multiple Function Control Register [0x0110_0000
SYS_GPB_MFPH SYS_BA+0x3C R/W |GPIOB High Byte Multiple Function Control Register [0x0000_0000
SYS_GPC_MFPL SYS_BA+0x40 R/W |GPIOC Low Byte Multiple Function Control Register |0x0000_0000
SYS_GPC_MFPH SYS_BA+0x44 R/W |GPIOC High Byte Multiple Function Control Register |0x0000_0000
SYS_GPD_MFPL SYS_BA+0x48 R/W |GPIOD Low Byte Multiple Function Control Register [0x0000_0000
SYS_GPD_MFPH SYS_BA+0x4C R/W |GPIOD High Byte Multiple Function Control Register |0x0000_0011
SYS_SRAM_INTCTL SYS_BA+0xCO R/W |System SRAM Interrupt Enable Control Register 0x0000_0000
SYS_SRAM_STATUS |SYS_BA+0xC4 R/W |System SRAM Parity Error Status Register 0x0000_0000
SYS_SRAM_ERRADDR |SYS_BA+0xC8 R System SRAM Parity Check Error Address Register [0x0000_0000
SYS_IRCTCTL SYS_BA+0xFO R/W [HIRC Trim Control Register 0x0000_0000
SYS_IRCTIEN SYS_BA+0xF4 R/W [HIRC Trim Interrupt Enable Register 0x0000_0000
SYS_IRCTISTS SYS_BA+0xF8 R/W [HIRC Trim Interrupt Status Register 0x0000_0000
SYS_REGLCTL SYS_BA+0x100 R/W |Register Lock Control Register 0x0000_0000
SYS_RCADJ SYS_BA+0x110 R/W [HIRC Trim Value Register 0x0000_0XXX
Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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6.2.11 Register Description

Part Device Identification Number Register (SYS PDID)

Register Offset R/W |Description Reset Value

SYS_PDID SYS_BA+0x00 R Part Device Identification Number Register 0x1DXX_05XX M

[1] Every part number has a unique default reset value.

31 30 29 28 27 26 25 24
PDID

23 22 21 20 19 18 17 16
PDID

15 14 13 12 1" 10 9 8
PDID

7 6 5 4 3 2 1 0
PDID

Bits Description

Part Device Identification Number (Read Only)

[31:0] PDID This register reflects device part number code. Software can read this register to identify
which device is used.
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System Reset Status Register (SYS RSTSTS)
This register provides specific information for software to identify this chip’s reset source from last

operation.
Register Offset R/W |Description Reset Value
SYS_RSTSTS SYS_BA+0x04 R/W |System Reset Status Register 0x0000_0043
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved CPULKRF
7 6 5 4 3 2 1 0
CPURF PMURF SYSRF BODRF LVRF WDTRF PINRF PORF
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

CPU Lockup Reset Flag

0 = No reset from CPU lockup occurred.

[8] CPULKRF 1 = The Cortex-M4 lockup occurred and chip is reset.

Note: Write 1 to clear this bit to 0.

Note: when ICE is connected, CPU lockup event sets this flag to 1 but will not reset chip.

CPU Reset Flag

The CPU reset flag is set by hardware if software writes CPURST (SYS_IPRSTO[1]) 1 to
reset Cortex®-M4 Core and Flash Memory Controller (FMC).

0 = No reset from CPU.
1 = The Cortex®-M4 Core and FMC are reset by software setting CPURST to 1.
Note: Write 1 to clear this bit to 0.

7] CPURF

PMU Reset Flag

0 = No reset from POR, PINR, WDTR, LVR, BODR, SYSR and CPULKR.
1 =When POR, PINR, WDTR, LVR, BODR, SYSR and CPULKR occurred.
Note: Write 1 to clear this bit to 0.

6] PMURF

System Reset Flag

The system reset flag is set by the “Reset Signal” from the Cortex®-M4 Core to indicate the
previous reset source.

0 = No reset from Cortex®-M4.

1 = The Cortex®-M4 had issued the reset signal to reset the system by writing 1 to the bit
SYSRESETREQ(AIRCR][2], Application Interrupt and Reset Control Register, address =
0xE000EDOC) in system control registers of Cortex®-M4 core.

Note: Write 1 to clear this bit to 0.

5] SYSRF

JUL 30, 2021 Page 65 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

Bits Description

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: Write 1 to clear this bit to 0.

[4] BODRF

LVR Reset Flag

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

0 = No reset from LVR.
1 = LVR controller issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

3] LVRF

WDT 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 issued the reset signal to reset the
[2 WDTRF system.

Note1: Write 1 to clear this bit to 0.

Note2: Watchdog Timer register RSTF(WDT_CTL[2]) bit is set if the system has been
reset by  WDT time-out reset. Window  Watchdog Timer register|
WWDTRF(WWDT_STATUS[1]) bit is set if the system has been reset by WWDT time-out
reset.

NRESET Pin Reset Flag

The nRESET pin reset flag is set by the “Reset Signal” from the nRESET Pin to indicate
the previous reset source.

0 = No reset from nRESET pin.
1 = Pin nRESET issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

1 PINRF

POR Reset Flag

The POR reset flag is set by the “Reset Signal” from the Power-on Reset (POR) Controller
or bit CHIPRST (SYS_IPRSTO0[0]) to indicate the previous reset source.

0 = No reset from POR or CHIPRST.
1 = Power-on Reset (POR) or CHIPRST issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

[0] PORF
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Peripheral Reset Control Register 0 (SYS IPRSTO0)

Register Offset R/W |Description Reset Value
SYS_IPRSTO SYS_BA+0x08 R/W |Peripheral Reset Control Register 0 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
CRCRST Reserved PDMARST CPURST CHIPRST
Bits Description
[31: 8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
CRC Calculation Controller Reset (Write Protected)
Set this bit to 1 will generate a reset signal to the CRC calculation controller. User needs to
set this bit to 0 to release from the reset state.
7
[7] CRCRST 0 = CRC calculation controller normal operation.
1 = CRC calculation controller reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
[6:3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PDMA Controller Reset (Write Protected)
Setting this bit to 1 will generate a reset signal to the PDMA. User needs to set this bit to 0
to release from reset state.
2 PDMARST 0 = PDMA controller normal operation.
1 = PDMA controller reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Processor Core One-shot Reset (Write Protected)
Setting this bit will only reset the processor core and Flash Memory Controller(FMC); this
bit will automatically return to 0 after the 2 clock cycles.
[1] CPURST _ .
0 = Processor core normal operation.
1 = Processor core one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Chip One-shot Reset (Write Protected)
Setting this bit will reset the whole chip, including Processor core and all peripherals; this
[0] CHIPRST bit will automatically return to 0 after the 2 clock cycles.
The CHIPRST is same as the POR reset, all the chip controllers are reset and the chip
settings from flash configuration are also reloaded.
About the difference between CHIPRST and SYSRESETREQ(AIRCR[2]), please refer to
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0 -

section 6.2.2

0 = Chip normal operation.

1 = Chip one-shot reset.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Peripheral Reset Control Register 1 (SYS IPRST1)

Setting these bits 1 will generate asynchronous reset signals to the corresponding module controller.
Users need to set these bits to 0 to release corresponding module controller from reset state.

Register Offset R/W |Description Reset Value
SYS_IPRST1 SYS_BA+0x0C R/W |Peripheral Reset Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved HIRCCKF 12SORST EADCRST USBDRST Reserved
23 22 21 20 19 18 17 16
Reserved UARTORST
15 14 13 12 1" 10 9 8
DMICRST SPI2RST SPI1RST SPIORST Reserved I2C1RST I12CORST
7 6 5 4 3 2 1 0
Reserved TMR3RST TMR2RST TMR1RST TMRORST GPIORST Reserved
Bits Description
[31] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
HIRC Clock Filter Enable Bit
[30] HIRCCKF 0 = HIRC clock filter Enabled.
1 = HIRC clock filter Disabled.
I’S0 Controller Reset
[29] I2SORST 0 = IS0 controller normal operation.
1 = 12S0 controller reset.
EADC Controller Reset
[28] EADCRST 0 = EADC controller normal operation.
1 = EADC controller reset.
USBD Controller Reset
[27] USBDRST 0 = USBD controller normal operation.
1 = USBD controller reset.
[26:17] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
UARTO Controller Reset
[16] UARTORST 0 = UARTO controller normal operation.
1 = UARTO controller reset.
DMIC Controller Reset
[15] DMICRST 0 = DMIC controller normal operation.
1 = DMIC controller reset.
[14] SPI2RST SPI2 Controller Reset
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0 = SPI2 controller normal operation.
1 = SPI2 controller reset.

SPI1 Controller Reset
[13] SPI1IRST 0 = SPI1 controller normal operation.
1 = SPI1 controller reset.

SPI0 Controller Reset
[12] SPIORST 0 = SPI0 controller normal operation.
1 = SPIO0 controller reset.

Reserved. Any values read should be ignored. When writing to this field always write with

[11:10] Reserved
reset value.

12C1 Controller Reset
[9] I2C1RST 0 = 12C1 controller normal operation.
1 =12C1 controller reset.

12C0 Controller Reset
[8] I2CORST 0 = 12C0 controller normal operation.
1 =12CO0 controller reset.

Reserved. Any values read should be ignored. When writing to this field always write with

[7:6] Reserved
reset value.

Timer3 Controller Reset
[5] TMR3RST 0 = Timer3 controller normal operation.
1 = Timer3 controller reset.

Timer2 Controller Reset
[4] TMR2RST 0 = Timer2 controller normal operation.
1 = Timer2 controller reset.

Timer1 Controller Reset
[3] TMR1RST 0 = Timer1 controller normal operation.
1 = Timer1 controller reset.

Timer0 Controller Reset
[2] TMRORST 0 = TimerO controller normal operation.
1 = TimerO0 controller reset.

GPIO Controller Reset
[1] GPIORST 0 = GPIO controller normal operation.
1 = GPIO controller reset.

Reserved. Any values read should be ignored. When writing to this field always write with

[0] Reserved
reset value.
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Peripheral Reset Control Register 2 (SYS IPRST2)

Setting these bits to 1 will generate asynchronous reset signals to the corresponding module
controller. Users need to set these bits to 0 to release corresponding module controller from reset

state.
Register Offset R/W |Description Reset Value
SYS_IPRST2 SYS_BA+0x10 R/W |Peripheral Reset Control Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved PWMORST
15 14 13 12 1" 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved DPWMRST Reserved
Bits Description
[31:17] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PWMO Controller Reset
[16] PWMORST 0 = PWMO controller normal operation.
1 = PWMO controller reset.
[15:7] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
DPWM Controller Reset
[6] DPWMRST 0 = Audio DPWM controller normal operation.
1 = Audio DPWM controller reset.
[5:0] Reserved :‘\;eszfr\\//;ﬂéény values read should be ignored. When writing to this field always write with
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Brown-out Detector Control Register (SYS BODCTL)

Part of the SYS_BODCTL control registers values are initialized by flash configuration and writeable
bits are write-protected.

Register Offset R/W |Description Reset Value

SYS_BODCTL SYS_BA+0x18 R/W |Brown-Out Detector Control Register 0x000X_038X

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved BODVL

15 14 13 12 1" 10 9 8

Reserved BODDGSEL

7 6 5 4 3 2 1 0

LVREN BODOUT BODLPM BODIF BODRSTEN Reserved BODEN

Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:19] Reserved reset value.

Brown-out Detector Threshold Voltage Selection (Write Protected)

The default value is set by flash controller user configuration register CBOV (CONFIGO
[23:21]).

000 = Brown-Out Detector threshold voltage is 1.6V.
001 = Brown-Out Detector threshold voltage is 1.8V.
010 = Brown-Out Detector threshold voltage is 2.0V.
011 = Brown-Out Detector threshold voltage is 2.2V.
100 = Brown-Out Detector threshold voltage is 2.4V.
101 = Brown-Out Detector threshold voltage is 2.6V.
110 = Brown-Out Detector threshold voltage is 2.8V.
111 = Brown-Out Detector threshold voltage is 3.0V.
Note: These bits are write protected. Refer to the SYS_REGLCTL register.

[18:16] BODVL

Reserved. Any values read should be ignored. When writing to this field always write with

[15:11] Reserved reset value.

Brown-out Detector Output De-glitch Time Select (Write Protected)
000 = Without de-glitch function.

001 = 3 system clock (HCLK).

010 = 7 system clock (HCLK).

011 = 15 system clock (HCLK).

100 = 31 system clock (HCLK).

101 = 63 system clock (HCLK).

110 = 127 system clock (HCLK).

111 = 255 system clock (HCLK).

Note: These bits are write protected. Refer to the SYS_REGLCTL register.

[10:8] BODDGSEL
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Bits Description
Low Voltage Reset Enable Bit (Write Protected)

The LVR function resets the chip when the input power voltage is lower than LVR circuit
setting. LVR function is enabled by default.

(7] LVREN 0 = Low Voltage Reset function Disabled.

1 = Low Voltage Reset function Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Brown-out Detector Output Status

0 = Brown-out Detector output status is 0.

The detected voltage is higher than BODVL setting or BODEN is 0.

[6] BODOUT .

1 = Brown-out Detector output status is 1.

The detected voltage is lower than BODVL setting.

If the BODEN is 0, BOD function is disabled and this bit will be 0.
Brown-out Detector Low Power Mode (Write Protected)

0 = BOD operate in normal mode (default).

[5] BODLPM 1 =BOD Low Power mode Enabled.

Note 1: The low power mode can reduce the current to about 1/10 but slow the BOD
response.

Note 2: This bit is write protected. Refer to the SYS_REGLCTL register.

Brown-out Detector Interrupt Flag

0 = Brown-out Detector has not detected a BOD event on Vpp down through or up through
the voltage of BODVL setting.

[4] BODIF 1 = When Brown-out Detector detects that Vpp crosses BODLVL setting from either|
direction, this bit is set to 1 and the brown-out interrupt is requested if brown-out interrupt
is enabled.

Note: Write 1 to clear this bit to 0.

Brown-out Reset Enable Bit (Write Protected)

The default value is set by flash controller user configuration register|
CBORST(CONFIG0[20]) bit .

0 = Brown-out “INTERRUPT” function Enabled.

1 = Brown-out “RESET” function Enabled.

Note 1:

3 BODRSTEN While the Brown-out Detector function is enabled (BODEN high) and BOD reset function is

(3] enabled (BODRSTEN high), BOD will assert a signal to reset chip when the detected
voltage is lower than the threshold (BODOUT high).
While the BOD function is enabled (BODEN high) and BOD interrupt function is
enabled (BODRSTEN low), BOD will assert an interrupt if BODOUT is high. BOD interrupt
will latch until BODEN is set to 0. BOD interrupt can be blocked by disabling the NVIC
BOD interrupt or disabling BOD function (set BODEN low).
Note 2: The reset value of SYS_BODCTL[3] is determined by user flash configuration.
Note 3: This bit is write protected. Refer to the SYS_REGLCTL register.

[2:1] Reserved lliesse(:r\\llglﬂ.e,‘o\ny values read should be ignored. When writing to this field always write with
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Bits Description

Brown-out Detector Enable Bit (Write Protected)

The default value is set by flash controller user configuration register CBODEN (CONFIGO
[19).

0 = Brown-out Detector function Disabled.

1 = Brown-out Detector function Enabled.

[] BODEN Note 1: The reset value of SYS_BODCTL[0] is determined by user flash configuration.

Note 2: Brown-out detector can only work when both BODEN(SYS_BODCTL[0]) and
LVREN(SYS_BODCTL[7]) are set to 1.

Note 3: When both BODEN(SYS_BODCTL[0]) and LVREN(SYS_BODCTL][7]) are set to
1, NVIC BOD interrupt must be enabled before entering power down mode.

Note 4: This bit is write protected. Refer to the SYS_REGLCTL register.
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Power-on Reset Controller Register (SYS PORCTL)

Register Offset R/W |Description Reset Value
SYS_PORCTL SYS_BA+0x24 R/W |Power-On-Reset Controller Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
POROFF
7 6 5 4 3 2 1 0
POROFF
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Power-on Reset Enable Bit (Write Protected)
When power is applied to device, the POR circuit generates a reset signal to reset the
entire chip function. Noise on the power may cause the POR to become active again. User
can disable internal POR circuit to avoid unpredictable noise to cause chip reset by writing
0 0x5AAS5 to this field.
15:
[ I POROFF The POR function will be active again when this field is set to another value or chip is reset
by other reset source, including:
nRESET, Watchdog, LVR reset, BOD reset, ICE reset command and the software-chip
reset function.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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USB PHY Control Register (SYS USBPHY)

Register Offset R/W |Description Reset Value
SYS_USBPHY SYS_BA+0x2C R/W |USB PHY Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved USB_PHY_EN
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
USB PHY Enable (Write Protect)
This bit is used to enable/disable USB PHY function.
[8] USB_PHY_EN o
0 = USB PHY function Disabled (default).
1 = USB PHY function Enabled.
[7:0] Reserved iise?r\\/lglﬂéAny values read should be ignored. When writing to this field always write with
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GPIOA Low Byte Multiple Function Control Register (SYS GPA MFPL)

Register Offset R/W |Description Reset Value
SYS_GPA_MFPL SYS_BA+0x30 R/W |GPIOA Low Byte Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PATMFP PA6MFP
23 22 21 20 19 18 17 16
PA5SMFP PA4MFP
15 14 13 12 1 10 9 8
PA3SMFP PA2MFP
7 6 5 4 3 2 1 0
PATMFP PAOMFP
Bits Description
[31:28] PA7TMFP PA.7 Multi-function Pin Selection
[27:24] PA6MFP PA.6 Multi-function Pin Selection
[23:20] PASMFP PA.5 Multi-function Pin Selection
[19:16] PA4MFP PA.4 Multi-function Pin Selection
[15:12] PA3MFP PA.3 Multi-function Pin Selection
[11:8] PA2MFP PA.2 Multi-function Pin Selection
[7:4] PA1MFP PA.1 Multi-function Pin Selection
[3:0] PAOMFP PA.0 Multi-function Pin Selection
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GPIOA High Byte Multiple Function Control Reqgister (SYS GPA MFPH)

Register Offset R/W |Description Reset Value
SYS_GPA_MFPH SYS_BA+0x34 R/W |GPIOA High Byte Multiple Function Control Register ~ |0x0000_0000
31 30 29 28 27 26 25 24
PA15MFP PA14MFP
23 22 21 20 19 18 17 16
PA13MFP PA12MFP
15 14 13 12 1 10 9 8
PA11MFP PA10MFP
7 6 5 4 3 2 1 0
PA9MFP PASMFP
Bits Description
[31:28] PA15MFP PA.15 Multi-function Pin Selection
[27:24] PA14MFP PA.14 Multi-function Pin Selection
[23:20] PA13MFP PA.13 Multi-function Pin Selection
[19:16] PA12MFP PA.12 Multi-function Pin Selection
[15:12] PA11MFP PA.11 Multi-function Pin Selection
[11:8] PA10MFP PA.10 Multi-function Pin Selection
[7:4] PA9MFP PA.9 Multi-function Pin Selection
[3:0] PASMFP PA.8 Multi-function Pin Selection
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GPIOB Low Byte Multiple Function Control Register (SYS GPB MFPL)

Register Offset R/W |Description Reset Value
SYS_GPB_MFPL SYS_BA+0x38 R/W |GPIOB Low Byte Multiple Function Control Register 0x0110_0000
31 30 29 28 27 26 25 24
PB7MFP PB6MFP
23 22 21 20 19 18 17 16
PB5MFP PB4MFP
15 14 13 12 1 10 9 8
PB3MFP PB2MFP
7 6 5 4 3 2 1 0
PB1MFP PBOMFP
Bits Description
[31:28] PB7MFP PB.7 Multi-function Pin Selection
[27:24] PB6MFP PB.6 Multi-function Pin Selection
[23:20] PB5MFP PB.5 Multi-function Pin Selection
[19:16] PB4MFP PB.4 Multi-function Pin Selection
[15:12] PB3MFP PB.3 Multi-function Pin Selection
[11:8] PB2MFP PB.2 Multi-function Pin Selection
[7:4] PB1MFP PB.1 Multi-function Pin Selection
[3:0] PBOMFP PB.0 Multi-function Pin Selection
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GPIOB High Byte Multiple Function Control Reqgister (SYS GPB_MFPH)

Register Offset R/W |Description Reset Value
SYS_GPB_MFPH SYS_BA+0x3C R/W |GPIOB High Byte Multiple Function Control Register ~ [0x0000_0000
31 30 29 28 27 26 25 24
PB15MFP PB14MFP
23 22 21 20 19 18 17 16
PB13MFP Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
PBIMFP PB8MFP
Bits Description
[31:28] PB15MFP PB.15 Multi-function Pin Selection
[27:24] PB14MFP PB.14 Multi-function Pin Selection
[23:20] PB13MFP PB.13 Multi-function Pin Selection
[19:8] Reserved Zzse?r\\//aeﬂéény values read should be ignored. When writing to this field always write with
[7:4] PBOMFP PB.9 Multi-function Pin Selection
[3:0] PB8MFP PB.8 Multi-function Pin Selection
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GPIOC Low Byte Multiple Function Control Register (SYS GPC MFPL)

Register Offset R/W |Description Reset Value
SYS_GPC_MFPL SYS_BA+0x40 R/W |GPIOC Low Byte Multiple Function Control Register ~ [0x0000_0000
31 30 29 28 27 26 25 24
PC7MFP PC6MFP
23 22 21 20 19 18 17 16
PC5MFP PC4MFP
15 14 13 12 1 10 9 8
PC3MFP PC2MFP
7 6 5 4 3 2 1 0
PC1MFP PCOMFP
Bits Description
[31:28] PC7MFP PC.7 Multi-function Pin Selection
[27:24] PC6MFP PC.6 Multi-function Pin Selection
[23:20] PC5MFP PC.5 Multi-function Pin Selection
[19:16] PC4AMFP PC.4 Multi-function Pin Selection
[15:12] PC3MFP PC.3 Multi-function Pin Selection
[11:8] PC2MFP PC.2 Multi-function Pin Selection
[7:4] PC1MFP PC.1 Multi-function Pin Selection
[3:0] PCOMFP PC.0 Multi-function Pin Selection
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GPIOC High Byte Multiple Function Control Reqgister (SYS GPC MFPH)

Register Offset R/W |Description Reset Value
SYS_GPC_MFPH SYS_BA+0x44 R/W |GPIOC High Byte Multiple Function Control Register  [0x0000_0000
31 30 29 28 27 26 25 24
PC15MFP PC14MFP
23 22 21 20 19 18 17 16
PC13MFP PC12MFP
15 14 13 12 1 10 9 8
PC11MFP PC10MFP
7 6 5 4 3 2 1 0
PCOMFP PC8MFP
Bits Description
[31:28] PC15MFP PC.15 Multi-function Pin Selection
[27:24] PC14MFP PC.14 Multi-function Pin Selection
[23:20] PC13MFP PC.13 Multi-function Pin Selection
[19:16] PC12MFP PC.12 Multi-function Pin Selection
[15:12] PC11MFP PC.11 Multi-function Pin Selection
[11:8] PC10MFP PC.10 Multi-function Pin Selection
[7:4] PCOMFP PC.9 Multi-function Pin Selection
[3:0] PC8MFP PC.8 Multi-function Pin Selection
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GPIOD Low Byte Multiple Function Control Register (SYS GPD MFPL)

Register Offset R/W |Description Reset Value
SYS_GPD_MFPL SYS_BA+0x48 R/W |GPIOD Low Byte Multiple Function Control Register ~ [0x0000_0000
31 30 29 28 27 26 25 24
PD7MFP PD6MFP
23 22 21 20 19 18 17 16
PD5MFP PD4MFP
15 14 13 12 1 10 9 8
PD3MFP PD2MFP
7 6 5 4 3 2 1 0
PD1MFP PDOMFP
Bits Description
[31:28] PD7MFP PD.7 Multi-function Pin Selection
[27:24] PD6MFP PD.6 Multi-function Pin Selection
[23:20] PD5MFP PD.5 Multi-function Pin Selection
[19:16] PD4MFP PD.4 Multi-function Pin Selection
[15:12] PD3MFP PD.3 Multi-function Pin Selection
[11:8] PD2MFP PD.2 Multi-function Pin Selection
[7:4] PD1MFP PD.1 Multi-function Pin Selection
[3:0] PDOMFP PD.0 Multi-function Pin Selection
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GPIOD High Byte Multiple Function Control Reqgister (SYS GPD MFPH)

Register Offset R/W |Description Reset Value
SYS_GPD_MFPH SYS_BA+0x4C R/W |GPIOD High Byte Multiple Function Control Register ~ |0x0000_0011
31 30 29 28 27 26 25 24
PD15MFP PD14MFP
23 22 21 20 19 18 17 16
PD13MFP PD12MFP
15 14 13 12 1 10 9 8
PD11MFP PD10MFP
7 6 5 4 3 2 1 0
PDIMFP PD8MFP
Bits Description
[31:28] PD15MFP PD.15 Multi-function Pin Selection
[27:24] PD14MFP PD.14 Multi-function Pin Selection
[23:20] PD13MFP PD.13 Multi-function Pin Selection
[19:16] PD12MFP PD.12 Multi-function Pin Selection
[15:12] PD11MFP PD.11 Multi-function Pin Selection
[11:8] PD10MFP PD.10 Multi-function Pin Selection
[7:4] PDOMFP PD.9 Multi-function Pin Selection
[3:0] PD8MFP PD.8 Multi-function Pin Selection
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System SRAM Parity Error Interrupt Enable Control Register (SYS SRAM INTCTL)

Register Offset R/W |Description Reset Value
SYS_SRAM_INTCTL SYS_BA+0xCO R/W |System SRAM Interrupt Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PERRIEN
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
SRAM Parity Check Error Interrupt Enable Bit
[0] PERRIEN 0 = SRAM parity check error interrupt Disabled.
1 = SRAM parity check error interrupt Enabled.
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System SRAM Parity Check Status Register (SYS SRAM STATUS)

Register Offset R/W |Description Reset Value
SYS_SRAM_STATUS |SYS_BA+0xC4 R/W |System SRAM Parity Error Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PERRIF
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
SRAM Parity Check Error Flag
(0] PERRIF This bit indicates the System SRAM parity error occurred. Write 1 to clear this bit to 0.
0 = No System SRAM parity error.
1 = System SRAM parity error occur.
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System SRAM Parity Error Address Register (SYS SRAM ERRADDR)

Register Offset R/W |Description Reset Value
SYS_SRAM_ERRADDR |SYS_BA+0xC8 R System SRAM Parity Check Error Address Register 0x0000_0000
31 30 29 28 27 26 25 24
ERRADDR
23 22 21 20 19 18 17 16
ERRADDR
15 14 13 12 1 10 9 8
ERRADDR
7 6 5 4 3 2 1 0
ERRADDR
Bits Description
System SRAM Parity Error Address
[31:0] ERRADDR y. . Y :
This register shows system SRAM parity error byte address.
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HIRC Trim Control Register (SYS IRCTCTL)

Register Offset R/W |Description Reset Value
SYS_IRCTCTL SYS_BA+0xFO R/W |HIRC Trim Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved REFCKSEL Reserved CESTOPEN
7 6 5 4 3 2 1 0
RETRYCNT LOOPSEL Reserved FREQSEL
Bits Description
[31:11] Reserved Ir?eiZEtzr\\//aelﬂ.e,.Any values read should be ignored. When writing to this field always write with

Reference Clock Selection
[10] REFCKSEL 0 = HIRC trim reference clock is from LXT (32.768 kHz).
1 = HIRC trim reference clock is from USB SOF (Start-Of-Frame) packet.

Reserved. Any values read should be ignored. When writing to this field always write with

[l Reserved reset value.
Clock Error Stop Enable Bit
[8] CESTOPEN 0 = The trim operation is keep going if clock is inaccuracy.

1 = The trim operation is stopped if clock is inaccuracy.

Trim Value Update Limitation Count

This field defines that how many times the auto trim circuit will try to update the HIRC trim
value before the frequency of HIRC locked.

Once the HIRC locked, the internal trim value update counter will be reset.

If the trim value update counter reached this limitation value and frequency of HIRC still
[7:6] RETRYCNT doesn’t lock, the auto trim operation will be disabled and FREQSEL will be cleared to 00.

00 = Trim retry count limitation is 64 loops.

01 = Trim retry count limitation is 128 loops.
10 = Trim retry count limitation is 256 loops.
11 = Trim retry count limitation is 512 loops.

Trim Calculation Loop Selection

This field defines that trim value calculation is based on how many reference clocks.

00 = Trim value calculation is based on average difference in 4 clocks of reference clock.
[5:4] LOOPSEL 01 = Trim value calculation is based on average difference in 8 clocks of reference clock.
10 = Trim value calculation is based on average difference in 16 clocks of reference clock.
11 = Trim value calculation is based on average difference in 32 clocks of reference clock.

Note: For example, if LOOPSEL is set as 00, auto trim circuit will calculate trim value
based on the average frequency difference in 4 clocks of reference clock.
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Reserved. Any values read should be ignored. When writing to this field always write with

[3:2] Reserved reset value.

Trim Frequency Selection

This field indicates the target frequency of 48 MHz and 49.152 MHz internal high speed
RC oscillator (HIRC) auto trim.

During auto trim operation, if clock error detected with CESTOPEN is set to 1 or trim retry
(1:0] FREQSEL limitation count reached, this field will be cleared to 00 automatically.

01 = Enable HIRC auto trim function and trim HIRC to 48 MHz.
11 = Enable HIRC auto trim function and trim HIRC to 49.152 MHz.
Others = Disable HIRC auto trim function.
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HIRC Trim Interrupt Enable Reqgister (SYS IRCTIEN)

Register Offset R/W |Description Reset Value
SYS_IRCTIEN SYS_BA+0xF4 R/W |HIRC Trim Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKEIEN TFAILIEN Reserved
Bits Description
) Reserved. Any values read should be ignored. When writing to this field always write with
[31:3] Reserved reset value.
Clock Error Interrupt Enable Bit
This bit controls if CPU would get an interrupt while clock is inaccuracy during auto trim
operation.

[2] CLKEIEN If this bit is set to1, and CLKERRIF(SYS_IRCTISTSJ2]) is set during auto trim operation,
an interrupt will be triggered to notify the clock frequency is inaccuracy.

0 = Disable CLKERRIF(SYS_IRCTISTS[2]) status to trigger an interrupt to CPU.

1 = Enable CLKERRIF(SYS_IRCTISTS[2]) status to trigger an interrupt to CPU.

Trim Failure Interrupt Enable Bit

This bit controls if an interrupt will be triggered while HIRC trim value update limitation
count reached and HIRC frequency still not locked on target frequency set by
FREQSEL(SYS_IRCTCTL[1:0]).

[1] TFAILIEN If this bit is high and TFAILIF(SYS_IRCTISTS[1]) is set during auto trim operation, an
interrupt will be triggered to notify that HIRC trim value update limitation count was
reached.

0 = Disable TFAILIF(SYS_IRCTISTS][1]) status to trigger an interrupt to CPU.
1 = Enable TFAILIF(SYS_IRCTISTS[1]) status to trigger an interrupt to CPU.

] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.
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HIRC Trim Interrupt Status Register (SYS IRCTISTS)

Register Offset R/W |Description Reset Value
SYS_IRCTISTS SYS_BA+0xF8 R/W |HIRC Trim Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKERRIF TFAILIF FREQLOCK
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:3] Reserved reset value.

Clock Error Interrupt Status

When the frequency of 32.768 kHz external low speed crystal oscillator (LXT) or internal
high speed RC oscillator (HIRC) is shift larger to unreasonable value, this bit will be set
and to be an indicate that clock frequency is inaccuracy

Once this bit is set to 1, the auto trim operation stopped and
2] CLKERRIF FREQSEL(SYS_IRCTCL[1:0]) will be cleared to 00 by hardware automatically if
CESTOPEN(SYS_IRCTCTL[8]) is set to 1.

If this bit is set and CLKEIEN(SYS_IRCTIEN[2]) is high, an interrupt will be triggered to
notify the clock frequency is inaccuracy. Write 1 to clear this to 0.

0 = Clock frequency is accuracy.
1 = Clock frequency is inaccuracy.

Trim Failure Interrupt Status

This bit indicates that HIRC trim value update limitation count reached and the HIRC clock
frequency still doesn’t be locked. Once this bit is set, the auto trim operation stopped and
FREQSEL(SYS_IRCTCTL[1:0]) will be cleared to 00 by hardware automatically.

(1l TFAILIF If this bit is set and TFAILIEN(SYS_IRCTIEN[1]) is high, an interrupt will be triggered to
notify that HIRC trim value update limitation count was reached. Write 1 to clear this to 0.
0 = Trim value update limitation count does not reach.
1 = Trim value update limitation count reached and HIRC frequency still not locked.
HIRC Frequency Lock Status
This bit indicates the HIRC frequency is locked.
This is a status bit and doesn’t trigger any interrupt
[0] FREQLOCK Write 1 to clear this to 0. This bit will be set automatically, if the frequecy is lock.
0 = The internal high-speed oscillator frequency doesn’t lock at 48 MHz or 49.152 MHz
yet.

1 = The internal high-speed oscillator frequency locked at 48 MHz or 49.152 MHz.
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Register Lock Control Register (SYS REGLCTL)

This register is written to disable/enable register protection and read for the REGLCTL status.

Some of the system control registers are protected to avoid inadvertent write that may disturb the chip
operation. These system control registers are protected after power-on reset until the user disables
this register protection. For user to program these protected registers, a register protection disable
sequence needs to be followed. The register protection disable sequence is writing the data “59h”,
“16h” “88h” to the register SYS_REGLCTL address at 0x4000_0100. Any different data value, different
sequence or any other write to other address during these three data writes will abort the whole
sequence.

After the protection is disabled, user can check the protection disable bit at address 0x4000_0100 bitO0,
1 is protection disable, and 0 is protection enable. Then user can update the target protected register
value. The register protection can be re-enabled by writing any data to the address 0x4000_0100.

Register Offset R/W |Description Reset Value
SYS_REGLCTL SYS_BA+0x100 R/W |Register Lock Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved
7 6 5 4 3 2 1 0
REGLCTL
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:8] Reserved
reset value.

Register Lock Control Code (Write Only)

Some registers have a write-protection function. To write to these registers, this write
protection must be by writing the sequence value “59h”, “16h”, “88h” to this address. After|
this sequence is completed, the REGLCTL bit will be set to 1 and write-protected registers
can be write accessed.

Register Lock Control Disable Index (Read Only)

0 = Write-protection Enabled for write protected registers. Any write to the protected
registers is ignored.

. 1 = Write-protection Disabled for write protected registers.
[7:0] REGLCTL

The Protected registers are:
SYS_IPRSTO: address 0x4000_0008
SYS_BODCTL: address 0x4000_0018
SYS_PORCTL: address 0x4000_0024
SYS_USBPHY: address 0x4000_002C

CLK_PWRCTL: address 0x4000_0200 (bit[6] is not protected for power-down wake-up
interrupt clear)

SYS_RCADJ: address 0x4000_0110
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CLK_APBCLKO [0]: address 0x4000_0208 (bit[0] is watchdog clock enable)
CLK_CLKSELDO: address 0x4000_0210 (for HCLK and CPU STCLK clock source select)
CLK_CLKSELA1 [1:0]: address 0x4000_0214 (for watchdog clock source select)
CLK_CLKSELA1 [31:30]: address 0x4000_0214 (for window watchdog clock source select)
CLK_CLKDSTS: address 0x4000_0274

NMIEN: address 0x4000_0300

FMC_ISPCTL: address 0x4000_CO000 (Flash ISP Control register)
FMC_ISPTRG: address 0x4000_C010 (ISP Trigger Control register)
FMC_ISPSTS: address 0x4000_C040

WDT_CTL: address 0x4004_0000

AHBMCTL: address 0x4000_0400

CLK_PLLCTL: address 0x4000_0240

PWM_CTLO: address 0x4005_8000

PWM_DTCTLO_1: address 0x4005_8070

PWM_DTCTL2_3: address 0x4005_8074

PWM_DTCTL4_5: address 0x4005_8078

PWM_BRKCTLO_1: address 0x4005_80C8

PWM_BRKCTL2_3: address 0x4005_80CC

PWM_BRKCTL4_5: address 0x4005_80D0

PWM_INTEN1: address 0x4005_80E4

PWM_INTSTS1: address 0x4005_80EC
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HIRC Trim Value Register (SYS RCADJ)

Register Offset R/W |Description Reset Value
SYS_RCADJ SYS_BA+0x110 R/W |HIRC Trim Value Register 0x0000_0XXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved RCADJ
7 6 5 4 3 2 1 0
RCADJ
Bits Description
[31:10] Reserved :'\;esse?r\\//:ﬂéény values read should be ignored. When writing to this field always write with
HIRC Trim Value (Write Protect)
This bit is the protected bit, which means programming it needs to write “59h”, “16h”, “88h”
to address 0x4000_0100 to disable register protection. Refer to the register
[9:0] RCADJ SYS_REGLCTL at address SYS_BA+0x100.
This field reflects the HIRC trim value.
Software can update HIRC trim value by writing this field.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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6.2.12 System Timer (SysTick)

The Cortex®-M4 integrates a 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 cycle, and then decrement on subsequent clocks.
When the counter decrements to zero, the COUNTFLAG status bit is set. A read or write on
Current Value Register clears the COUNTFLAG bit to 0.

The SYST_VAL value is UNKNOWN on reset. Software should write to the register to clear it to
zero before enabling the feature. This ensures the timer will 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 with a current value of zero after it is
reloaded with this value. This mechanism can be used to disable the feature independently from
the timer enable bit.

For more detailed information, please refer to the “ARM® Cortex™-M4 Technical Reference
Manual’ and “ARM® v6-M Architecture Reference Manual’.

6.2.12.1 System Timer Control Register Map
R: read only, W: write only, RIW: both read and write

Register Offset R/W |Description Reset Value

SYST 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 0x0000_0000
SYST_VAL SCS_BA+0x18 R/W |SysTick Current Value Register 0x0000_0000
Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2.

The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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6.2.12.2 System Timer Control Register Description

SysTick Control and Status Reqgister (SYST CTRL)

Register Offset R/W |Description Reset Value
SYST_CTRL SCS_BA+0x10 R/W |SysTick Control and Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved COUNTFLAG
15 14 13 12 1" 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKSRC TICKINT ENABLE
Bits Description
[31:17] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
' reset value.
System Tick Counter Flag
[16] COUNTELAG 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.
. Reserved. Any values read should be ignored. When writing to this field always write with
[15:3] Reserved reset value.
System Tick Clock Source Selection
[2] CLKSRC 0 = Clock source is the (optional) external reference clock.
1 = Core clock used for SysTick.
System Tick Interrupt Enabled
0 = Counting down to 0 does not cause the SysTick exception to be pended. Software can
1] TICKINT use COUNTFLAG to determine if a count to zero has occurred.
1 = Counting down to 0 will cause the SysTick exception to be pended. Clearing the
SysTick current value register by a register write in software will not cause SysTick to be
pended.
System Tick Counter Enabled
[0] ENABLE 0 = Counter Disabled.
1 = Counter will operate in a multi-shot manner.
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SysTick Reload Value Register (SYST LOAD)

Register Offset R/W |Description Reset Value
SYST_LOAD SCS_BA+0x14 R/W |SysTick Reload Value Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
RELOAD
15 14 13 12 1 10 9 8
RELOAD
7 6 5 4 3 2 1 0
RELOAD
Bits Description
[31:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
(23:0] RELOAD System Tick .Reload Value .
Value to load into the Current Value register when the counter reaches 0.
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SysTick Current Value Reqister (SYST VAL)

Register Offset R/W |Description Reset Value
SYST_VAL SCS_BA+0x18 R/W |SysTick Current Value Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CURRENT
15 14 13 12 1 10 9 8
CURRENT
7 6 5 4 3 2 1 0
CURRENT
Bits Description
[31:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
System Tick Current Value
[23:0] CURRENT 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.
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6.2.13 Nested Vectored Interrupt Controller (NVIC)

The NVIC and the processor core interface are closely coupled to enable low latency interrupt
processing and efficient processing of late arriving interrupts. The NVIC maintains knowledge of
the stacked, or nested, interrupts to enable tail-chaining of interrupts. You can only fully access
the NVIC from privileged mode, but you can cause interrupts to enter a pending state in user
mode if you enable the Configuration and Control Register. Any other user mode access causes a
bus fault. You can access all NVIC registers using byte, halfword, and word accesses unless
otherwise stated. NVIC registers are located within the SCS (System Control Space). All NVIC
registers and system debug registers are little-endian regardless of the endianness state of the
processor.
The NVIC supports:

®  Animplementation-defined number of interrupts, in the range 1-240 interrupts.

® A programmable priority level of 0-16 for each interrupt; a higher level corresponds to
a lower priority, so level 0 is the highest interrupt priority.
Level and pulse detection of interrupt signals.
Dynamic reprioritization of interrupts.
Grouping of priority values into group priority and subpriority fields.
Interrupt tail-chaining.
An external Non Maskable Interrupt (NMI)
WIC with Ultra-low Power Sleep mode support

The processor automatically stacks its state on exception entry and unstacks this state on
exception exit, with no instruction overhead. This provides low latency exception handling.

6.2.13.1 Exception Model and System Interrupt Map
The Table 6.2.13-1 lists the exception model supported by ISD94100 Series. Software can set 16
levels of priority on some of these exceptions as well as on all interrupts. The highest user-
configurable priority is denoted as “0x00” and the lowest priority is denoted as “OxF0” (The 4-LSB
always 0). The default priority of all the user-configurable interrupts is “Ox00”. Note that priority “0”
is treated as the fourth priority on the system, after three system exceptions “Reset”, “NMI” and
“Hard Fault”.
When any interrupts is accepted, the processor will automatically fetch the starting address of the
interrupt service routine (ISR) from a vector table in memory. On system reset, the vector table is
fixed at address 0x00000000. Privileged software can write to the VTOR to relocate the vector
table start address to a different memory location, in the range 0x00000080 to Ox3FFFFF80,
The vector table contains the initialization value for the stack pointer on reset, and the entry point
addresses for all exception handlers. The vector number on previous page defines the order of
entries in the vector table associated with exception handler entry as illustrated in previous
section.
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Exception Type Vector Number Vector Address Priority
Reset 1 0x00000004 -3
NMI 2 0x00000008 -2
Hard Fault 3 0x0000000C -1
Memory Manager Fault 4 0x00000010 Configurable
Bus Fault 5 0x00000014 Configurable
Usage Fault 6 0x00000018 Configurable
Reserved 7~10 Reserved
SVcall 11 0x0000002C Configurable
Debug Monitor 12 0x00000030 Configurable
Reserved 13 Reserved
PendSV 14 0x00000038 Configurable
SysTick 15 0x0000003C Configurable
Interrupt (IRQO0 ~ IRQ) 16 ~111 0x00000000 * Configurable
(Vector Number)*4

Table 6.2.13-1 Exception Model

Interrupt Number
xi‘:::)';r (Bit In Interrupt Interrupt Name |Interrupt Description
Registers)
0~15 - - System exceptions
16 0 BODOUT Brown-Out low voltage detected interrupt
17 1 IRC_INT IRC TRIM interrupt
18 2 PWRWU_INT Clock controller interrupt for chip wake-up from power-down state
19 3 SRAM_PERR SRAM parity check error interrupt
20 4 CLKFAIL Clock fail detected interrupt
21 5 Reserved Reserved
22 6 RTC_INT Real time clock interrupt
23 7 Reserved Reserved
24 8 WDT_INT Watchdog Timer interrupt
25 9 WWDT_INT Window Watchdog Timer interrupt
26 10 EINTO External interrupt
27 11 EINT1 External interrupt
28 12 EINT2 External interrupt
29 13 EINT3 External interrupt

JUL 30, 2021 Page 100 of 913 Revl.2



NnuvoTonN

ISD94100 Series Technical Reference Manual

30 14 EINT4 External interrupt

31 15 EINT5 External interrupt

32 16 GPA_INT External interrupt from PA[15:0] pin
33 17 GPB_INT External interrupt from PB[14:12/9:0] pin
34 18 GPC_INT External interrupt from PC[15:0] pin
35 19 GPD_INT External interrupt from PD[15:0] pin
36 ~ 37 20~21 Reserved Reserved

38 22 SPIO_INT SPIO0 interrupt

39 23 SPI1_INT SPI1 interrupt

40 24 BRAKEOQ_INT PWMO brake interrupt

41 25 PWMO_PO_INT PWMO pair 0 interrupt

42 26 PWMO_P1_INT PWMO pair 1 interrupt

43 27 PWMO_P2_INT PWMO pair 2 interrupt

44 ~ 47 28 ~ 31 Reserved Reserved

48 32 TMRO_INT Timer O interrupt

49 33 TMR1_INT Timer 1 interrupt

50 34 TMR2_INT Timer 2 interrupt

51 35 TMR3_INT Timer 3 interrupt

52 36 UARTO_INT UARTO interrupt

53 37 Reserved Reserved

54 38 12CO_INT 12C0 interrupt

55 39 12C1_INT 12C1 interrupt

56 40 PDMA_INT PDMA interrupt

57 Y| Reserved Reserved

58 42 EADCO_INT EADC interrupt source 0

59 43 EADC1_INT EADC interrupt source 1

60 44 Reserved Reserved

61 45 Reserved Reserved

62 46 EADC2_INT EADC interrupt source 2

63 47 EADC3_INT EADC interrupt source 3

64 ~ 66 48~ 50 Reserved Reserved

67 51 SPI2_INT SPI2 interrupt

68 52 DMIC_INT DMIC interrupt

69 53 USBD_INT USB device interrupt

70~71 54 ~ 55 Reserved Reserved
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72 56 VAD_INT VAD interrupt
73~77 57 ~ 61 Reserved Reserved

78 62 DPWM_INT DPWM interrupt
79~ 83 63 ~ 67 Reserved Reserved

84 68 12S0_INT I’S0 interrupt
85~ 111 69 ~ 95 Reserved Reserved

Table 6.2.13-2 Interrupt Number Table

6.2.13.2 Operation Description

NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set-
Enable or Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write-
1-to-clear policy, both registers reading back the current enabled state of the corresponding
interrupts. When an interrupt is disabled, interrupt assertion will cause the interrupt to become
Pending, however, the interrupt will not activate. If an interrupt is Active when it is disabled, it
remains in its Active state until cleared by reset or an exception return. Clearing the enable bit
prevents new activations of the associated interrupt.

NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used
to enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register
respectively. The registers use a write-1-to-enable and write-1-to-clear policy, both registers
reading back the current pended state of the corresponding interrupts. The Clear-Pending
Register has no effect on the execution status of an Active interrupt.

NVIC interrupts are prioritized by updating an 8-bit field within a 32-bit register (each register
supporting four interrupts).

The general registers associated with the NVIC are all accessible from a block of memory in the
System Control Space and will be described in next section.
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6.2.13.3 NVIC Control Registers
R: read only, W: write only, R/W: both read and write

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

NVIC_BA = 0xE000_E100

NVIC_ISERO 0xEOOOE100 R/W [IRQO ~ IRQ31 Set-Enable Control Register 0x0000_0000
NVIC_ISER1 0xEOOOE104 R/W [IRQ32 ~ IRQ63 Set-Enable Control Register 0x0000_0000
NVIC_ISER2 O0xEOOOE 108 R/W [IRQ64 ~ IRQ95 Set-Enable Control Register 0x0000_0000
NVIC_ICERO 0xEOOOE180 R/W [IRQO ~ IRQ31 Clear-Enable Control Register 0x0000_0000
NVIC_ICER1 OxEOOOE 184 R/W |IRQ32 ~ IRQ63 Clear-Enable Control Register 0x0000_0000
NVIC_ICER2 OxEOOOE 188 R/W [IRQ64 ~ IRQ95 Clear-Enable Control Register 0x0000_0000
NVIC_ISPRO 0xEO00E200 R/W |IRQO0 ~ IRQ31 Set-Pending Control Register 0x0000_0000
NVIC_ISPR1 OxEOO0OE204 R/W [IRQ32 ~ IRQ63 Set-Pending Control Register 0x0000_0000
NVIC_ISPR2 0xEOO00E208 R/W |IRQ64 ~ IRQ95 Set-Pending Control Register 0x0000_0000
NVIC_ICPRO OxEOO00E280 R/W |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
NVIC_ICPR1 0xEOO0E284 R/W [IRQ32 ~ IRQ63 Clear-Pending Control Register 0x0000_0000
NVIC_ICPR2 0xEOO0E288 R/W [IRQ64 ~ IRQ95 Clear-Pending Control Register 0x0000_0000
NVIC_IABRO 0xEOO0OE300 R/W |IRQO ~ IRQ31 Active Bit Register 0x0000_0000
NVIC_IABR1 0xEOO0E304 R/W |IRQ32 ~ IRQ63 Active Bit Register 0x0000_0000
NVIC_IABR2 O0xEOO0OE308 R/W [IRQ64 ~ IRQ95 Active Bit Register 0x0000_0000
NVIC_IPRn 0xEO00E400 . .

n=0,1..23 +0xd*n R/W [IRQO ~ IRQ95 Priority Control Register 0x0000_0000
STIR 0xEOO00F000 W  |Software Trigger Interrupt Registers 0x0000_0000
Note:

1. Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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IRO0 ~ IRQ31 Set-Enable Control Reqgister (NVIC ISERO0)

Register Offset R/W |Description Reset Value
NVIC_ISERO OXEOOOE100 R/W |IRQO ~ IRQ31 Set-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETENA
23 22 21 20 19 18 17 16
SETENA
15 14 13 12 1" 10 9 8
SETENA
7 6 5 4 3 2 1 0
SETENA
Bits Description
Interrupt Set Enable Bit
The NVIC_ISERO-NVIC_ISER2 registers enable interrupts, and show which interrupts are
enabled.
Write Operation:
[31:0] SETENA 0 = No effect.
1 = Interrupt Enabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO32 ~ IRQ63 Set-Enable Control Register (NVIC ISER1)

Register Offset R/W |Description Reset Value
NVIC_ISER1 OXEOOOE104 R/W [IRQ32 ~ IRQ63 Set-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETENA
23 22 21 20 19 18 17 16
SETENA
15 14 13 12 1" 10 9 8
SETENA
7 6 5 4 3 2 1 0
SETENA
Bits Description
Interrupt Set Enable Bit
The NVIC_ISERO-NVIC_ISER2 registers enable interrupts, and show which interrupts are
enabled
Write Operation:
[31:0] SETENA 0 = No effect.
1 = Interrupt Enabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO64 ~ IRQ95 Set-Enable Control Register (NVIC ISER2)

Register Offset R/W |Description Reset Value
NVIC_ISER2 OxXEOOOE108 R/W |IRQ64 ~ IRQ95 Set-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETENA
23 22 21 20 19 18 17 16
SETENA
15 14 13 12 1 10 9 8
SETENA
7 6 5 4 3 2 1 0
SETENA
Bits Description
Interrupt Set Enable Bit
The NVIC_ISERO-NVIC_ISER2 registers enable interrupts, and show which interrupts are
enabled
Write Operation:
[31:0] SETENA 0 = No effect.
1 = Interrupt Enabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO0 ~ IRQ31 Clear-Enable Control Register (NVIC ICERO0)

Register Offset R/W |Description Reset Value
NVIC_ICERO 0xEOOOE180 R/W |IRQO ~ IRQ31 Clear-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALENA
23 22 21 20 19 18 17 16
CALENA
15 14 13 12 1" 10 9 8
CALENA
7 6 5 4 3 2 1 0
CALENA
Bits Description
Interrupt Clear Enable Bit
The NVIC_ICERO-NVIC_ICER? registers disable interrupts, and show which interrupts are
enabled.
Write Operation:
[31:0] CALENA 0 = No effect.
1 = Interrupt Disabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO32 ~ IRQ63 Clear-Enable Control Register (NVIC ICER1)

Register Offset R/W |Description Reset Value
NVIC_ICER1 0xEOOOE184 R/W |IRQ32 ~ IRQ63 Clear-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALENA
23 22 21 20 19 18 17 16
CALENA
15 14 13 12 1" 10 9 8
CALENA
7 6 5 4 3 2 1 0
CALENA
Bits Description
Interrupt Clear Enable Bit
The NVIC_ICERO-NVIC_ICER? registers disable interrupts, and show which interrupts are
enabled.
Write Operation:
[31:0] CALENA 0 = No effect.
1 = Interrupt Disabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO64 ~ IRQ95 Clear-Enable Control Register (NVIC ICER2)

Register Offset R/W |Description Reset Value
NVIC_ICER2 0xEOOOE188 R/W |IRQ64 ~ IRQ95 Clear-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALENA
23 22 21 20 19 18 17 16
CALENA
15 14 13 12 1 10 9 8
CALENA
7 6 5 4 3 2 1 0
CALENA
Bits Description
Interrupt Clear Enable Bit
The NVIC_ICERO-NVIC_ICER? registers disable interrupts, and show which interrupts are
enabled.
Write Operation:
[31:0] CALENA 0 = No effect.
1 = Interrupt Disabled.
Read Operation:
0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO0 ~ IRQ31 Set-Pending Control Register (NVIC ISPRO)

Register Offset R/W |Description Reset Value
NVIC_ISPRO 0xEO000E200 R/W |IRQO ~ IRQ31 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 1" 10 9 8
SETPEND
7 6 5 4 3 2 1 0
SETPEND
Bits Description
Interrupt Set-pending
The NVIC_ISPRO-NVIC_ISPR2 registers force interrupts into the pending state, and show
which interrupts are pending
Write Operation:
[31:0] SETPEND 0 = No effect.
1 = Changes interrupt state to pending.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.
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IRO32 ~ IRQ63 Set-Pending Control Register (NVIC ISPR1)

Register Offset R/W |Description Reset Value
NVIC_ISPR1 0xEO00E204 R/W |IRQ32 ~ IRQ63 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 1" 10 9 8
SETPEND
7 6 5 4 3 2 1 0
SETPEND
Bits Description
Interrupt Set-pending
The NVIC_ISPRO-NVIC_ISPR2 registers force interrupts into the pending state, and show
which interrupts are pending
Write Operation:
[31:0] SETPEND 0 = No effect.
1 = Changes interrupt state to pending.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.
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IRO64 ~ IRQ95 Set-Pending Control Register (NVIC ISPR2)

Register Offset R/W |Description Reset Value
NVIC_ISPR2 0xEO00E208 R/W |IRQ64 ~ IRQ95 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 1" 10 9 8
SETPEND
7 6 5 4 3 2 1 0
SETPEND
Bits Description
Interrupt Set-pending
The NVIC_ISPRO-NVIC_ISPR2 registers force interrupts into the pending state, and show
which interrupts are pending
Write Operation:
[31:0] SETPEND 0 = No effect.
1 = Changes interrupt state to pending.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.

JUL 30, 2021 Page 112 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

IRO0 ~ IRQ31 Clear-Pending Control Reqgister (NVIC ICPRO0)

Register Offset R/W |Description Reset Value
NVIC_ICPRO 0xEO00E280 R/W |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALPEND
23 22 21 20 19 18 17 16
CALPEND
15 14 13 12 1" 10 9 8
CALPEND
7 6 5 4 3 2 1 0
CALPEND
Bits Description
Interrupt Clear-pending
The NVIC_ICPRO-NVIC_ICPR2 registers remove the pending state from interrupts, and
show which interrupts are pending
Write Operation:
[31:0] CALPEND 0 = No effect.
1 = Removes pending state an interrupt.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.
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Register Offset R/W |Description Reset Value
NVIC_ICPR1 0xEO00E284 R/W |IRQ32 ~ IRQ63 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALPEND
23 22 21 20 19 18 17 16
CALPEND
15 14 13 12 1" 10 9 8
CALPEND
7 6 5 4 3 2 1 0
CALPEND
Bits Description
Interrupt Clear-pending
The NVIC_ICPRO-NVIC_ICPR2 registers remove the pending state from interrupts, and
show which interrupts are pending
Write Operation:
[31:0] CALPEND 0 = No effect.
1 = Removes pending state an interrupt.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.
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IRO64 ~ IRQ95 Clear-Pending Control Register (NVIC ICPR2)

Register Offset R/W [Description Reset Value
NVIC_ICPR2 O0xEOOOE288 R/W |IRQ64 ~ IRQ95 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CALPEND
23 22 21 20 19 18 17 16
CALPEND
15 14 13 12 1 10 9 8
CALPEND
7 6 5 4 3 2 1 0
CALPEND
Bits Description
Interrupt Clear-pending
The NVIC_ICPRO-NVIC_ICPR2 registers remove the pending state from interrupts, and
show which interrupts are pending
Write Operation:
[31:0] CALPEND 0 = No effect.
1 = Removes pending state an interrupt.
Read Operation:
0 = Interrupt is not pending.
1 = Interrupt is pending.

JUL 30, 2021 Page 115 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

IRQO ~ IRQ31 Active Bit Register (NVIC IABRO)

Register Offset R/W |Description Reset Value
NVIC_IABRO 0xEOO0OE300 R/W |IRQO ~ IRQ31 Active Bit Register 0x0000_0000
31 30 29 28 27 26 25 24
ACTIVE
23 22 21 20 19 18 17 16
ACTIVE
15 14 13 12 1 10 9 8
ACTIVE
7 6 5 4 3 2 1 0
ACTIVE
Bits Description
Interrupt Active Flags
The NVIC_IABRO-NVIC_IABR?2 registers indicate which interrupts are active.
[31:0] ACTIVE ) )
0 = interrupt not active.
1 = interrupt active.

JUL 30, 2021 Page 116 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

IRQ32 ~ IRQ63 Active Bit Register (NVIC IABR1)

Register Offset R/W |Description Reset Value
NVIC_IABR1 0xEOOOE304 R/W |IRQ32 ~ IRQ63 Active Bit Register 0x0000_0000
31 30 29 28 27 26 25 24
ACTIVE
23 22 21 20 19 18 17 16
ACTIVE
15 14 13 12 1 10 9 8
ACTIVE
7 6 5 4 3 2 1 0
ACTIVE
Bits Description
Interrupt Active Flags
The NVIC_IABRO-NVIC_IABR?2 registers indicate which interrupts are active.
[31:0] ACTIVE ) )
0 = interrupt not active.
1 = interrupt active.
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IRQ64 ~ IRQ95 Active Bit Register (NVIC IABR2)

Register Offset R/W [Description Reset Value
NVIC_IABR2 OxEOOOE308 R/W |IRQ64 ~ IRQ95 Active Bit Register 0x0000_0000
31 30 29 28 27 26 25 24
ACTIVE
23 22 21 20 19 18 17 16
ACTIVE
15 14 13 12 1 10 9 8
ACTIVE
7 6 5 4 3 2 1 0
ACTIVE
Bits Description
Interrupt Active Flags
The NVIC_IABRO-NVIC_IABR?2 registers indicate which interrupts are active.
[31:0] ACTIVE ) )
0 = interrupt not active.
1 = interrupt active.
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IRO0 ~ IRQ95 Interrupt Priority Register (NVIC IPRn)

Register Offset R/W |Description Reset Value
NVIC_IPRn 0xEO00E400 . .
R/W |IRQO ~ IRQ95 Priority Control Register 0x0000_0000
n=0,1..23 +0x4*n
31 30 29 28 27 26 25 24
PRI_4n_3 Reserved
23 22 21 20 19 18 17 16
PRI_4n_2 Reserved
15 14 13 12 1 10 9 8
PRI_4n_1 Reserved
7 6 5 4 3 2 1 0
PRI_4n_0 Reserved
Bits Description
Priority of IRQ_4n+3
[31:28] PRI_4n_3 Y o . -
“0” denotes the highest priority and “15” denotes the lowest priority
[27:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Priority of IRQ_4n+2
[23:20] PRI_4n_2 ) o o
“0” denotes the highest priority and “15” denotes the lowest priority
[19:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Priority of IRQ_4n+1
[15:12] PRI_4n_1 . L L
“0” denotes the highest priority and “15” denotes the lowest priority
[11:8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Priority of IRQ_4n+0
[7:4] PRI_4n_0 . o o
“0” denotes the highest priority and “15” denotes the lowest priority
[3:0] Reserved iii?r\yglﬂéAny values read should be ignored. When writing to this field always write with
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Software Trigger Interrupt Register (STIR)

Register Offset R/W |Description Reset Value
STIR 0xEOO0F000 W  |Software Trigger Interrupt Registers 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved INTID
7 6 5 4 3 2 1 0
INTID
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
' reset value.
Interrupt ID
Write to the STIR To Generate An Interrupt from Software
[8:0] INTID When the USERSETMPEND bit in the SCR is set to 1, unprivileged software can access
the STIR
Interrupt ID of the interrupt to trigger, in the range 0-63. For example, a value of 0x03
specifies interrupt IRQ3.
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0 -

6.2.13.4 NMI Control Registers
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

NMI Base Address:
NMI_BA = 0x4000_0300

NMIEN NMI_BA+0x00 [R/W |NMI Source Interrupt Enable Register 0x0000_0000

NMISTS NMI_BA+0x04 [R NMI source interrupt Status Register 0x0000_0000
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NMI Source Interrupt Enable Register (NMIEN)

Register Offset R/W |Description Reset Value

NMIEN NMI_BA+0x00 [R/W |[NMI Source Interrupt Enable Register 0x0000_0000

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 1 10 9 8

Reserved UARTO_INT EINTS EINT4 EINT3 EINT2 EINT1 EINTO

7 6 5 4 3 2 1 0

Reserved

RTC_INT

Reserved

CLKFAIL

SRAM_PERR

PWRWU_INT

IRC_INT

BODOUT

Bits

Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:15]
reset value.

Reserved

UARTO NMI Source Enable (Write Protected)

0 = UARTO NMI source Disabled.

1 = UARTO NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[14] UARTO_INT

External Interrupt 5 NMI Source Enable (Write Protect)

0 = External interrupt 5 NMI source Disabled.
[13] EINT5

1 = External interrupt 5 NMI source Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

External Interrupt 4 NMI Source Enable (Write Protected)

0 = External interrupt 4 NMI source Disabled.
[12] EINT4

1 = External interrupt 4 NMI source Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

External Interrupt 3 NMI Source Enable (Write Protected)

0 = External interrupt 3 NMI source Disabled.
[11] EINT3

1 = External interrupt 3 NMI source Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

External Interrupt 2 NMI Source Enable (Write Protected)

0 = External interrupt 2 NMI source Disabled.
[10] EINT2

1 = External interrupt 2 NMI source Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

External Interrupt 1 NMI Source Enable (Write Protected)
0 = External interrupt 1 NMI source Disabled.

[9] EINT1 )
1 = External interrupt 1 NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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External Interrupt 0 NMI Source Enable (Write Protected)
0 = External interrupt O NMI source Disabled.

[8] EINTO )
1 = External interrupt 0 NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Reserved. Any values read should be ignored. When writing to this field always write with

[7] Reserved
reset value.

RTC NMI Source Enable (Write Protected)

0 = RTC NMI source Disabled.

1 = RTC NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

6] RTC_INT

Reserved. Any values read should be ignored. When writing to this field always write with

[5] Reserved
reset value.

Clock Fail Detected NMI Source Enable (Write Protected)
0 = Clock fail detected interrupt NMI source Disabled.

[4] CLKFAIL ) )
1 = Clock fail detected interrupt NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

SRAM Parity Check Error NMI Source Enable (Write Protected)

0 = SRAM parity check error NMI source Disabled.

1 = SRAM parity check error NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

13] SRAM_PERR

Power-down Mode Wake-up NMI Source Enable (Write Protected)
0 = Power-down mode wake-up NMI source Disabled.

[2] PWRWU_INT
1 = Power-down mode wake-up NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

IRC TRIM NMI Source Enable (Write Protected)

0 = IRC TRIM NMI source Disabled.

1 = IRC TRIM NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

1] IRC_INT

BOD NMI Source Enable (Write Protected)

0 = BOD NMI source Disabled.

1 = BOD NMI source Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[0] BODOUT
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NMI Source Interrupt Status Register (NMISTS)

Register

Offset

RW

Description

Reset Value

NMISTS

NMI_BA+0x04

R

NMI source interrupt Status Register

0x0000_0000

31

30

29

28 27 26

25

24

Reserved

23

22

21

20 19 18

17

16

Reserved

15

14

13

12 1 10

Reserved

UARTO_INT

EINTS

EINT4 EINT3 EINT2

EINT1

EINTO

7

6

5

4 3 2

1

0

Reserved

RTC_INT

Reserved

CLKFAIL | SRAM_PERR | PWRWU_INT

IRC_INT

BODOUT

Bits

Description

[31:15]

Reserved

Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

UARTO Interrupt Flag (Read Only)
0 = UARTO interrupt is deasserted.
1 = UARTO interrupt is asserted.

[14] UARTO_INT

External Interrupt 5 Interrupt Flag (Read Only)

[13] EINTS 0 = External Interrupt 5 interrupt is deasserted.

1 = External Interrupt 5 interrupt is asserted.

External Interrupt 4 Interrupt Flag (Read Only)

[12] EINT4 0 = External Interrupt 4 interrupt is deasserted.

1 = External Interrupt 4 interrupt is asserted.

External Interrupt 3 Interrupt Flag (Read Only)

[11] EINT3 0 = External Interrupt 3 interrupt is deasserted.

1 = External Interrupt 3 interrupt is asserted.

External Interrupt 2 Interrupt Flag (Read Only)

[10] EINT2 0 = External Interrupt 2 interrupt is deasserted.

1 = External Interrupt 2 interrupt is asserted.

External Interrupt 1 Interrupt Flag (Read Only)
[9] EINT1 0 = External Interrupt 1 interrupt is deasserted.

1 = External Interrupt 1 interrupt is asserted.

External Interrupt 0 Interrupt Flag (Read Only)
[8] EINTO 0 = External Interrupt O interrupt is deasserted.

1 = External Interrupt O interrupt is asserted.

Reserved. Any values read should be ignored. When writing to this field always write with

[7] Reserved
reset value.
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RTC Interrupt Flag (Read Only)
[6] RTC_INT 0 = RTC interrupt is deasserted.
1 = RTC interrupt is asserted.

Reserved. Any values read should be ignored. When writing to this field always write with

(] Reserved reset value.

Clock Fail Detected Interrupt Flag (Read Only)
[4] CLKFAIL 0 = Clock fail detected interrupt is deasserted.
1 = Clock fail detected interrupt is asserted.

SRAM Parity Check Error Interrupt Flag (Read Only)
[3] SRAM_PERR 0 = SRAM parity check error interrupt is deasserted.
1 = SRAM parity check error interrupt is asserted.

Power-down Mode Wake-up Interrupt Flag (Read Only)
[2] PWRWU_INT 0 = Power-down mode wake-up interrupt is deasserted.
1 = Power-down mode wake-up interrupt is asserted.

IRC TRIM Interrupt Flag (Read Only)
1] IRC_INT 0 = HIRC TRIM interrupt is deasserted.
1 = HIRC TRIM interrupt is asserted.

BOD Interrupt Flag (Read Only)
[0] BODOUT 0 = BOD interrupt is deasserted.
1 =BOD interrupt is asserted.
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6.2.13.5 AHB Bus Matrix Priority Control Register
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

AHB Base Address:
AHB_BA = 0x4000_0400

AHBMCTL 0x40000400 R/W |AHB Bus Matrix Priority Control Register 0x0000_0001
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AHB Bus Matrix Priority Control Register (AHBMCTL)

Register Offset R/W |Description Reset Value
AHBMCTL 0x40000400 R/W |AHB Bus Matrix Priority Control Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved INTACTEN
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Highest AHB Bus Priority of Cortex M4 Core Enable Bit (Write Protected)
Enable Cortex®-M4 Core With Highest AHB Bus Priority In AHB Bus Matrix
[0] INTACTEN 0 = Round-robin mode.
1 = Cortex®-M4 CPU with highest bus priority when interrupt occur.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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6.2.14 System Control Register

The Cortex®-M4 status and operation mode control are managed by System Control Registers.
These registers also manage CPUID, Cortex®-M4 interrupt priority and Cortex®-M4 power
management.

For more detailed information, please refer to the “ARM® Cortex™-M4 Technical Reference
Manuar’ and “ARM® v6-M Architecture Reference Manuar'.

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

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

SCS_BA = 0xE000_E000

ICSR SCS_BA+0xD04 R/W |Interrupt Control and State Register 0x0000_0000
AIRCR SCS_BA+0xD0OC R/W |Application Interrupt and Reset Control Register 0xFAO05_0000
SCR SCS_BA+0xD10 R/W |System Control Register 0x0000_0000
SHPR1 SCS_BA+0xD18 R/W |System Handler Priority Register 1 0x0000_0000
SHPR2 SCS_BA+0xD1C R/W |System Handler Priority Register 2 0x0000_0000
SHPR3 SCS_BA+0xD20 R/W |System Handler Priority Register 3 0x0000_0000
Note:

1. Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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Interrupt Control State Reqgister (ICSR)

Register Offset R/W |Description Reset Value
ICSR SCS_BA+0xD04 R/W |[Interrupt Control and State Register 0x0000_0000
31 30 29 28 27 26 25 24
NMIPENDSET Reserved PENDsVSET [PENDSVRTC_| penpsTseT |PENDSTRTC_| - Reserved
23 22 21 20 19 18 17 16
ISRPREEMPT | ISRPENDING Reserved VECTPENDING
15 14 13 12 1" 10 9 8
VECTPENDING RETTOBASE Reserved
7 6 5 4 3 2 1 0
Reserved VECTACTIVE
Bits Description
NMI Set-pending Bit
Write Operation:
0 = No effect.
1 = Changes NMI exception state to pending.
Read Operation:
[31] NMIPENDSET o .
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 write of 1 to this bit. Entering the handler
then clears 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. Any values read should be ignored. When writing to this field always write with
reset value.
PendSV Set-pending Bit
Write Operation:
0 = No effect.
1 = Changes PendSV exception state to pending.
[28] PENDSVSET ,
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.
PendSV Clear-pending Bit
Write Operation:
[27] PENDSVRTC_CA |0 = No effect.
L 1 = Removes the pending state from the PendSV exception.
Note: This is a write only bit. To clear the PENDSV bit, you must “write 0 to PENDSVSET
and write 1 to PENDSVRTC_CAL” at the same time.
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(26]

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]

PENDSTRTC_CA
L

SysTick Exception Clear-pending Bit

Write Operation:

0 = No effect.

1 = Removes the pending state from the SysTick exception.

Note: This is a write only bit. To clear the PENDST bit, you must “write 0 to PENDSTSET
and write 1 to PENDSTRTC_CAL” at the same time.

(24]

Reserved

Reserved. Any values read should be ignored. When writing to this field always write with
reset value.

(23]

ISRPREEMPT

Interrupt Preempt Bit (Read Only)
If set, a pending exception will be serviced on exit from the debug halt state.

[22]

ISRPENDING

Interrupt Pending Flag, Excluding NMI and Faults (Read Only)
0 = Interrupt not pending.
1 = Interrupt pending.

[21:18]

Reserved

Reserved. Any values read should be ignored. When writing to this field always write with
reset value.

[17:12]

VECTPENDING

Number of the Highest Pended Exception

Indicate the Exception Number of the Highest Priority Pending Enabled Exception
0 = no pending exceptions.

Nonzero = the exception number of the highest priority pending enabled exception.

The value indicated by this field includes the effect of the BASEPRI and FAULTMASK
registers, but not any effect of the PRIMASK register.

[11]

RETTOBASE

Preempted Active Exceptions Indicator
Indicate whether There are Preempted Active Exceptions
0 = there are preempted active exceptions to execute.

1 = there are no active exceptions, or the currently-executing exception is the only active
exception.

[10:7]

Reserved

Reserved. Any values read should be ignored. When writing to this field always write with
reset value.

[6:0]

VECTACTIVE

Number of the Current Active Exception
0 = Thread mode.
Non-zero = The exception number of the currently active exception.
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Application Interrupt and Reset Control Register (AIRCR)

Register Offset R/W |Description Reset Value
AIRCR SCS_BA+0xD0C R/W |Application Interrupt and Reset Control Register O0xFAO05_0000
31 30 29 28 27 26 25 24
VECTORKEY
23 22 21 20 19 18 17 16
VECTORKEY
15 14 13 12 1 10 9 8
ENDIANNESS Reserved PRIGROUP
7 6 5 4 3 2 1 0
Reserved SYSRESETRE| VECTCLRAC VECTRESET
Q TIVE
Bits Description

Register Access Key

When writing this register, this field should be 0x05FA, otherwise the write action will be
[31:16] VECTORKEY unpredictable.

The VECTORKEY filed is used to prevent accidental write to this register from resetting the
system or clearing of the exception status.

Data Endianness

[15] ENDIANNESS 0 = Little-endian.
1 = Big-endian.

[14:11] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Interrupt Priority Groupin

[10:8] PRIGROUP o P y P g. o o
This field determines the Split Of Group priority from subpriority,

[7:3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
System Reset Request

2] SYSRESETREQ Writing This Bit to 1 Will Cause A Reset Signal To Be Asserted To The Chip And Indicate A

Reset Is Requested
This bit is write only and self-cleared as part of the reset sequence.

Exception Active Status Clear Bit

Setting This Bit To 1 Will Clears All Active State Information For Fixed And Configurable
[1] VECTCLRACTIVE |Exceptions
This bit is write only and can only be written when the core is halted.

Note: It is the debugger’s responsibility to re-initialize the stack.

Reserved. Any values read should be ignored. When writing to this field always write with

[0] VECTRESET reset value.
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PRIGROUP Binary Point Group Subpriority Bits Numbv:ar . of Group Subpriorities
Priority Bits il

0b000 DXXXXXXX.Y [7:1] [0] 128 2

0b001 bXXXXXX.yy [7:2] [1:0] 64 4

0b010 bxxxxx.yyy [7:3] [2:0] 32 8

0b011 bxxxx.yyyy [7:4] [3;0] 16 16

0b100 bxxx.yyyyy [7:5] [4:0] 8 32

0b101 bxx.yyyyyy [7:6] [5:0] 4 64

0b110 bx.yyyyyyy [7] [6:0] 2 128

Ob111 b.yyyyyyyy None [7:0] 1 256

Table 6.2.14-1 Priority Grouping
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System Control Register (SCR)

Register Offset R/W |Description Reset Value
SCR SCS_BA+0xD10 R/W |System Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SEVONPEND | Reserved | SLEEPDEEP | SLEEPONEXIT| Reserved
Bits Description
[31:5] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Send Event on Pending
0 = Only enabled interrupts or events can wake up the processor, while disabled interrupts
are excluded.
1 = Enabled events and all interrupts, including disabled interrupts, can wake up the
[4] SEVONPEND Processor.
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
the next WFE.
The processor also wakes up on execution of an SEV instruction or an external event.
3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Processor Deep Sleep and Sleep Mode Selection
Control Whether the Processor Uses Sleep Or Deep Sleep as its Low Power Mode.
[2] SLEEPDEEP
0 = Sleep.
1 = Deep sleep.
Sleep-on-exit Enable Control
This bit indicate Sleep-On-Exit when Returning from Handler Mode to Thread Mode.
[1] SLEEPONEXIT 0 = Do not sleep when returning to Thread mode.
1 = Enters sleep, or deep sleep, on return from an 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. Any values read should be ignored. When writing to this field always write with
reset value.
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System Handler Priority Register 1 (SHPR1)

Register Offset R/W |Description Reset Value
SHPR1 SCS_BA+0xD18 R/W |System Handler Priority Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
PRI_6 Reserved
15 14 13 12 1" 10 9 8
PRI_5 Reserved
7 6 5 4 3 2 1 0
PRI_4 Reserved
Bits Description
[31:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
[23:20] PRI_6 Priority of system handler 6, UsageFault
[19:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
[15:12] PRI_5 Priority of system handler 5, BusFault
[11:8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
[7:4] PRI_4 Priority of system handler 4, MemManage
[3:0] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
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System Handler Priority Register 2 (SHPR2)

Register Offset R/W |Description Reset Value
SHPR2 SCS_BA+0xD1C R/W |System Handler Priority Register 2 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
Priority of System Handler 11 — SVCall
[31:28] PRI_11 Y Y . . ori
“0” denotes the highest priority and “OxF” denotes the lowest priority.
[27:0] Reserved I;(:Z?r\\//;ﬂ.eAny values read should be ignored. When writing to this field always write with
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System Handler Priority Register 3 (SHPR3)

Register Offset R/W |Description Reset Value
SHPR3 SCS_BA+0xD20 R/W |System Handler Priority Register 3 0x0000_0000
31 30 29 28 27 26 25 24
PRI_15 Reserved
23 22 21 20 19 18 17 16
PRI_14 Reserved
15 14 13 12 1 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
Priority of System Handler 15 — SysTick
[31:28] PRI_15 Y y . . Y -
“0” denotes the highest priority and “OxF” denotes the lowest priority.
[27:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Priority of System Handler 14 — PendSV
[23:20] PRI_14 i o o
“0” denotes the highest priority and “OxF” denotes the lowest priority.
[19:0] Reserved Zzse?r\\//aeﬂéény values read should be ignored. When writing to this field always write with
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates clocks for the whole chip, including system clocks and all
peripheral clocks. The clock controller also implements the power control function with the
individually clock ON/OFF control, clock source selection and a clock divider. The chip will not
enter Power-down mode until CPU sets the Power-down enable bit PDEN(CLK_PWRCTL][7]) and
Cortex®-M4 core executes the WFI instruction. After that, chip enters Power-down mode and wait
for wake-up interrupt source triggered to leave Power-down mode. In Power-down mode, the
clock controller turns off the 4~24.576 MHz external high speed crystal (HXT) and internal high
speed RC oscillator (HIRC) to reduce the overall system power consumption. The Figure 6.3-1
shows the clock generator and the overview of the clock source control.
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Figure 6.3-1 Clock Generator Global View Diagram
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6.3.2

Five clock sources can be used to drive all the internal clocks:

Clock Generator

® 32.768 kHz external low speed crystal oscillator (LXT)
® 4~24.576 MHz external high speed crystal oscillator (HXT)

® Programmable PLL output clock frequency (PLLFOUT), PLL source can be selected
from external 4~24.576 MHz external high speed crystal (HXT) or internal high speed
oscillator (HIRC)

Selectable 48.0 MHz or 49.152 MHz internal high speed RC oscillator (HIRC)
10 kHz internal low speed RC oscillator (LIRC)

LXTEN (CLK_PWRCTL[1])

X32_IN

|

External
32.768 kHz
Crystal
(LXT)

LXT

X32_0UT

\/

HXTEN (CLK_PWRCTL[O]) ot

\/

XT1_IN

= 1

XT1_OUT

External
4~24.576 MHz
Crystal
(HXT)

PLLSRC (CLK_PLLCTL[19])

>0 PLL FOUT
.
HIRCEN (CLK_PWRCTL[2])

Internal
48.0/49.152 MHz |
Oscillator
(HIRC) HIRC

|4

LIRCEN (CLK_PWRCTL[3])

Internal

10 kHz LIRC
Oscillator

(LIRC)

\/

Figure 6.3-2 Clock Generator Block Diagram
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6.3.3 System Clock and SysTick Clock

Five clock sources can be used to drive the system clock (HCLK), as shown in Figure 6.3-3.
Clock source can be chosen by configuring HCLKSEL bits(CLK _CLKSELOQ[2:0]).

— HCLKSEL
(CLK_CLKSELO[2:0])
\ 4
TR CPUCLK
__LIRC g —=—=="—»{ CPU |
_PLLFOUT | 110 T/(HCLKDIV+1) HCLK /" AHB
LXT HCLKDIV PCLKO
— P
o (CLK_CLKDVO[3:0) | > APBO |
S AL ) PCLK1
CPU in Power Down Mode ————=—»{ APBI |

Figure 6.3-3 System Clock Block Diagram

There are two clock failure detectors monitoring HXT and LXT; each has its own enabling and
interrupt control.

If HXT failure detector is enabled, the HIRC clock will be also enabled automatically. The clock
controller will automatically switch the system clock (HCLK) source from HXT to HIRC if the
following conditions are met:

e HCLK clock source was from HXT, or from PLLOUT and PLL source clock was from HXT,
e HXT clock failure has been detected.

An HXT clock failure condition will set HXTFIF bit (CLK_CLKDSTS[0]) 1, and raise an HXT failure
interrupt if HXTFIEN (CLK_CLKDCTL[5]) is enabled.

To recover from HXT failure, user can first disable HXT, then enable HXT, and then check if the
HXT clock stable bit HXTSTB (CLK_STATUSIO]) is 1. HXTSTB bit being 1 means HXT is
recovered and enabled so that system clock source can be switched to HXT again.

The hardware procedure of HXT failure detection and system clock source auto switch to HIRC is
shown in the Figure 6.3-4.
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Set HXTFDEN To enable
HXT clock detector

<€—NO
y

HXTFIF = 1?

YES

ystem clock source =
“HXT” or “PLLwith
HXT” ?

System clock keep
original clock

YES

v

Switch system clock to
HIRC

Figure 6.3-4 HXT Stop Protect Procedure

The SysTick clock source can be from CPU clock or external reference clock, determined by
CLKSRC bit (SYST_CTRL[2]).

e If CLKSRC =1, CPU core clock is used for SysTick,
e If CLKSRC =0, SysTick clock source is from one of the 5 external reference clock, which
is chosen by STCLKSEL bits (CLK_CLKSELO[5:3]), shown in Figure 6.3-5.

STCLKSEL
(CLK_CLKSELO[5:3])

HIRC 1/2 111
HCLK 1/2 011
HXT STCLK
1/2 010 »
LXT
» 001
HXT
» 000

Figure 6.3-5 SysTick Clock Control Block Diagram

6.3.4 Peripheral Clock

Each peripheral module can have its own clock source selection and configuration, please refer to
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CLK_CLKSEL1 and CLK_CLKSELZ register description for more detailed information.

6.3.5 Power-down Mode Clock

Different power down modes have different impact on the system clocks. Under a certain power
down mode, some clock sources (including system clocks and peripheral clocks) are disabled
while some other clock sources are still available. However regardless the power down mode the
following clocks are always available:

®  Clock Generator
¢ 10 kHz internal low speed RC oscillator (LIRC) clock
€ 32.768 kHz external low speed crystal oscillator (LXT) clock

®  Peripheral Clock which uses LXT or LIRC as clock source

6.3.6  Clock Output

The 1SD94100 series device is equipped with a power-of-2 frequency divider which is composed
of 16 chained divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen
to one multiplexer is reflected to CLKO function pin. Therefore there are 16 options of power-of-2
divided clocks with the frequency from F./2' to Fm/216 where Fy, is input clock frequency to the
clock divider.

The output formula is Foy = Fin/2MY where Fy, is the input clock frequency, Fq is the clock
divider output frequency and N is the 4-bit value in FREQSEL (CLK_CLKOCTL][3:0]).

When writing 1 to CLKOEN (CLK_CLKOCTLI[4]), the chained counter starts to count. When
writing 0 to CLKOEN (CLK_CLKOCTL[4]), the chained counter continuously runs till divided clock
reaches low state and stays in low state.

CLKOEN Enable
(CLK_CLKOCTL[4]) divide-by-2 counter i FREQSEL
¥ 16 chained (CLK_CLKOCTL[3:0])
divide-by-2 counter
» 12 | 122 | u2® | 12" | 172 CLK %ﬁggns
i el Ml Ml M - = - B) cikanzen
[ I 10000, (CLK_CLKOCTL[6])
[ :0001.
HIRC )| b 16t0 1
Lol MY
HCLK
——> 10 11111,
| I
XUy e ;ﬁ
HXT] o o

RTCSEL(CLK_CLKSEL3(8])

CLKOSEL (CLK_CLKSEL1[29:28])

LIRC

/10000 1 1 Hz clock from RTC
LXT

132768 0

Figure 6.3-6 Clock Output Block Diagram
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6.3.7 Clock Setting Limitation

The maximum frequency of PCLKO and PCLK1 is 90 MHz. If the frequency of HCLK greater than
90 MHz, the APB1DIV (CLK_PCLKDIV[6:4]) and APBODIV(CLK PCLKDIV[2:0]) must be set to
the appropriate value to keep the PCLKO and PCLK1 less than or equal to 90MHz.
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Register Offset R/W |Description Reset Value
CLK Base Address:

CLK_BA = 0x4000_0200

CLK_PWRCTL CLK_BA+0x00 [R/W |System Power-down Control Register 0x0000_1C1X
CLK_AHBCLK CLK_BA+0x04 |R/W |AHB Devices Clock Enable Control Register 0x0000_8004
CLK_APBCLKO |CLK_BA+0x08 |R/W |APB Devices Clock Enable Control Register 0 0x0000_0001
CLK_APBCLK1 CLK_BA+0x0C [R/W |APB Devices Clock Enable Control Register 1 0x0000_0000
CLK_CLKSELO CLK_BA+0x10 [R/W |Clock Source Select Control Register 0 0x0000_003X
CLK_CLKSEL1 CLK_BA+0x14 |[R/W |Clock Source Select Control Register 1 0xB377_7703
CLK_CLKSEL2 CLK_BA+0x18 |R/W |Clock Source Select Control Register 2 0x0000_00A9
CLK_CLKSEL3 CLK_BA+0x1C [R/W |Clock Source Select Control Register 3 0x0000_0000
CLK_CLKDIVO CLK_BA+0x20 |R/W [Clock Divider Number Register 0 0x0006_0000
CLK_CLKSEL4 CLK_BA+0x24 |R/W |Clock Source Select Control Register 4 0x0000_0000
CLK_PCLKDIV CLK_BA+0x34 [R/W |APB Clock Divider Register 0x0000_0000
CLK_PLLCTL CLK_BA+0x40 [R/W |PLL Control Register 0x0005_8430
CLK_STATUS CLK_BA+0x50 |R Clock Status Monitor Register 0x0000_0018
CLK_CLKOCTL [CLK BA+0x60 |R/W |Clock Output Control Register 0x0000_0000
CLK_CLKDCTL [CLK _BA+0x70 |R/W |Clock Fail Detector Control Register 0x0000_0000
CLK_CLKDSTS |[CLK BA+0x74 |R/W |Clock Fail Detector Status Register 0x0000_0000
CLK_CDUPB CLK_BA+0x78 |R/W |Clock Frequency Range Detector Upper Boundary Register 0x0000_0000
CLK_CDLOWB CLK_BA+0x7C [R/W |Clock Frequency Range Detector Lower Boundary Register 0x0000_0000
CLK_PMUCTL CLK_BA+0x90 [R/W |Power Manager Control Register 0x0000_0080
CLK_PMUSTS CLK_BA+0x94 |R/W |Power Manager Status Register 0x0000_0001
CLK_LDOCTL CLK_BA+0x98 [R/W |Chip LDO Control Register 0x0000_0000
CLK_SWKDBCTL [CLK_BA+0x9C |R/W |Standby Power-down Wake-up De-bounce Control Register 0x0000_0000
CLK_PASWKCTL |CLK_BA+0xA0 |R/W |GPA Standby Power-down Wakeup Control Register 0x0000_0000
CLK_PBSWKCTL |CLK_BA+0xA4 |R/W |GPB Standby Power-down Wakeup Control Register 0x0000_0000
CLK_PCSWKCTL |CLK_BA+0xA8 |R/W |GPC Standby Power-down Wakeup Control Register 0x0000_0000
CLK_PDSWKCTL [CLK_BA+0xAC [R/W |GPD Standby Power-down Wakeup Control Register 0x0000_0000
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—

CLK_IOPDCTL CLK_BA+0xBO [R/W |GPIO Standby Power-down Control Register 0x0000_0000

Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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6.3.9 Register Description
System Power-down Control Register (CLK PWRCTL)

Register Offset R/W |Description Reset Value
CLK_PWRCTL CLK_BA+0x00 R/W |System Power-down Control Register 0x0000_1C1X
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved HXTTBEN | HXTSELTYP HXTGAIN Reserved PDWTCPU
7 6 5 4 3 2 1 0
PDEN PDWKIF PDWKIEN PDWKDLY LIRCEN HIRCEN LXTEN HXTEN
Bits Description
[31:14] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
HXT Crystal TURBO Mode (Write Protected)
This is a protected register. Please refer to open lock sequence to program it.
[13] HXTTBEN

0 = HXT Crystal TURBO mode disabled.
1 = HXT Crystal TURBO mode enabled.

HXT Crystal Type Select Bit (Write Protected)

This is a protected register. Please refer to open lock sequence to program it.
[12] HXTSELTYP 0 = Select INV type.

1 = Select GM type.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

HXT Gain Control Bit (Write Protected)
This is a protected register. Please refer to open lock sequence to program it.

Gain control is used to enlarge the gain of crystal to make sure crystal work normally. If
gain control is enabled, crystal will consume more power than gain control off.

[11:10] HXTGAIN 00 = HXT frequency is lower than from 8 MHz.

01 = HXT frequency is from 8 MHz to 12.288 MHz.

10 = HXT frequency is from 12.288 MHz to 16 MHz.

11 = HXT frequency is higher than 16 MHz.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Reserved. Any values read should be ignored. When writing to this field always write with

[l Reserved reset value.
this Bit Control the Power-down Entry Condition (Write Protected)
(8] PDWTCPU 1 = Chip enters Power-down mode when the both PDWTCPU and PDEN bits are set to 1

and CPU runs WFI instruction.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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System Power-down Enable (Write Protected)
When this bit is set to 1, Power-down mode is enabled and chip

keeps active till the CPU sleep mode is also active and then the chip enters Power-down
mode.

When chip wakes up from Power-down mode, this bit is auto cleared. Users need to set
this bit again for next Power-down.

In Power-down mode, HXT and the HIRC will be disabled in this mode, but LXT and LIRC

(71 PDEN are not controlled by Power-down mode.

In Power-down mode, the PLL and system clock are disabled, and ignored the clock
source selection. The clocks of peripheral are not controlled by Power-down mode, if the
peripheral clock source is from LXT or LIRC.

0 = Chip will not enter Power-down mode after CPU sleep command WFI.
1 = Chip enters Power-down mode after CPU sleep command WFI.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Power-down Mode Wake-up Interrupt Status
Set by “Power-down wake-up event”, it indicates that resume from Power-down mode”

The flag is set if any wake-up source is occurred. Refer Power Modes and Wake-up
Sources chapter.

Notel: Write 1 to clear the bit to 0.
Note2: This bit works only if PDWKIEN (CLK_PWRCTL[5]) set to 1.

6] PDWKIF

Power-down Mode Wake-up Interrupt Enable Bit (Write Protected)

0 = Power-down mode wake-up interrupt Disabled.

[5] PDWKIEN 1 = Power-down mode wake-up interrupt Enabled.

Notel: The interrupt will occur when both PDWKIF and PDWKIEN are high.
Note2: This bit is write protected. Refer to the SYS_REGLCTL register.

Enable the Wake-up Delay Counter (Write Protected)

When the chip wakes up from Power-down mode, the clock control will delay certain clock
cycles to wait system clock stable.

The delayed clock cycle is 4096 clock cycles when chip works at external high speed
[4] PDWKDLY crystal oscillator (HXT), and 128 clock cycles when chip works at internal high speed RC
oscillator (HIRC).

0 = Clock cycles delay Disabled.
1 = Clock cycles delay Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

LIRC Enable Bit (Write Protected)

0 = Internal low speed RC oscillator (LIRC) Disabled.

1 = Internal low speed RC oscillator (LIRC) Enabled.

Note 1: This bit is write protected. Refer to the SYS_REGLCTL register.
Note 2: The reset value of this bit is 1.

[3] LIRCEN

Note 3: The value of this bit must be kept 1.

HIRC Enable Bit (Write Protected)

0 = Internal high speed RC oscillator (HIRC) Disabled.

[2] HIRCEN 1 = Internal high speed RC oscillator (HIRC) Enabled.

Note 1: This bit is write protected. Refer to the SYS_REGLCTL register.
Note 2: The reset value of this bit is 1.

LXT Enable Bit (Write Protected)

0 = External low speed crystal (LXT) Disabled.
[1] LXTEN

1 = External low speed crystal (LXT) Enabled.

Note 1: This bit is write protected. Refer to the SYS_REGLCTL register.

JUL 30, 2021 Page 147 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

0 -

Note 2: The reset value of this bit is 0.

HXT Enable Bit (Write Protected)

The bit default value is set by flash controller user configuration register CONFIGO [26].
When the default clock source is from HXT, this bit is set to 1 automatically.

0 = External high speed crystal (HXT) Disabled.
1 = External high speed crystal (HXT) Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[0] HXTEN
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AHB Devices Clock Enable Control Register (CLK AHBCLK)
The bits in this register are used to enable/disable clock for system clock, AHB bus devices clock.

Register Offset R/W |Description Reset Value
CLK_AHBCLK CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_8004
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
FMCIDLE Reserved
7 6 5 4 3 2 1 0
CRCCKEN Reserved ISPCKEN PDMACKEN Reserved
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:16] Reserved
reset value.

Flash Memory Controller Clock Enable Bit in IDLE Mode
[15] FMCIDLE 0 = FMC clock Disabled when chip is under IDLE mode.
1 = FMC clock Enabled when chip is under IDLE mode.

Reserved. Any values read should be ignored. When writing to this field always write with

[14:8] Reserved reset value.

CRC Generator Controller Clock Enable Bit
[71 CRCCKEN 0 = CRC peripheral clock Disabled.
1 = CRC peripheral clock Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[6:3] Reserved reset value.

Flash ISP Controller Clock Enable Bit
[2] ISPCKEN 0 = Flash ISP peripheral clock Disabled.
1 = Flash ISP peripheral clock Enabled.

PDMA Controller Clock Enable Bit
1] PDMACKEN 0 = PDMA peripheral clock Disabled.
1 = PDMA peripheral clock Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

0] Reserved reset value.
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APB Devices Clock Enable Control Register (CLK APBCLKO0)
The bits in this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
CLK_APBCLKO CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0 0x0000_0001
31 30 29 28 27 26 25 24
Reserved I2SOCKEN EADCCKEN | USBDCKEN Reserved
23 22 21 20 19 18 17 16
Reserved UARTOCKEN
15 14 13 12 11 10 9 8
DMICCKEN SPI2CKEN SPI1CKEN SPIOCKEN Reserved 12C1CKEN 12COCKEN
7 6 5 4 3 2 1 0
Reserved CLKOCKEN | TMR3CKEN | TMR2CKEN | TMR1CKEN | TMROCKEN RTCCKEN WDTCKEN

Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:30] Reserved
reset value.

IS0 Clock Enable Bit
[29] I2SOCKEN 0 = I°S0 Clock Disabled.
1 = 1°S0 Clock Enabled.

Enhanced Analog-digital-converter (EADC) Clock Enable Bit
[28] EADCCKEN 0 = EADC clock Disabled.
1 = EADC clock Enabled.

USB Device Clock Enable Bit
[27] USBDCKEN 0 = USB Device clock Disabled.
1 = USB Device clock Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[26:17] Reserved reset value.

UARTO Clock Enable Bit
[16] UARTOCKEN 0 = UARTO clock Disabled.
1 = UARTO clock Enabled.

DMIC Clock Enable Bit
[15] DMICCKEN 0 = DMIC clock Disabled.
1 = DMIC clock Enabled.

SPI2 Clock Enable Bit
[14] SPI2CKEN 0 = SPI2 clock Disabled.
1 = SPI2 clock Enabled.

SPI1 Clock Enable Bit

[13] SPI1CKEN ]
0 = SPI1 clock Disabled.
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1 = SPI1 clock Enabled.

SPI0 Clock Enable Bit
[12] SPIOCKEN 0 = SPIO clock Disabled.
1 = SPIO0 clock Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[11:10] Reserved
reset value.

12C1 Clock Enable Bit
[9] I2C1CKEN 0 = I12C1 clock Disabled.
1 =12C1 clock Enabled.

12C0 Clock Enable Bit
[8] I2COCKEN 0 = 12CO clock Disabled.
1 =12C0 clock Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[7] Reserved
reset value.

CLKO Clock Enable Bit
[6] CLKOCKEN 0 = CLKO clock Disabled.
1 = CLKO clock Enabled.

Timer3 Clock Enable Bit
[5] TMR3CKEN 0 = Timer3 clock Disabled.
1 = Timer3 clock Enabled.

Timer2 Clock Enable Bit
[4] TMR2CKEN 0 = Timer2 clock Disabled.
1 = Timer2 clock Enabled.

Timerl Clock Enable Bit
[3] TMR1CKEN 0 = Timer1 clock Disabled.
1 = Timerl clock Enabled.

Timer0 Clock Enable Bit
[2] TMROCKEN 0 = TimerO clock Disabled.
1 = TimerO clock Enabled.

Real-time-clock APB Interface Clock Enable Bit

This bit is used to control the RTC APB clock only. The RTC peripheral clock source is
selected from RTCSEL(CLK_CLKSELS3[8]). It can be selected to 32.768 kHz external low
(1] RTCCKEN speed crystal or 10 kHz internal low speed RC oscillator (LIRC).

0 = RTC clock Disabled.
1 = RTC clock Enabled.

Watchdog Timer Clock Enable Bit (Write Protected)

0 = Watchdog timer clock Disabled.

1 = Watchdog timer clock Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[0] WDTCKEN
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APB Devices Clock Enable Control Reqgister 1 (CLK _APBCLK1)

The bits in this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
CLK_APBCLK1 CLK_BA+0x0C R/W |APB Devices Clock Enable Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved PWMOCKEN
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved DPWMCKEN Reserved
Bits Description
[31:17] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PWMO Clock Enable Bit
[16] PWMOCKEN 0 = PWMO clock Disabled.
1 = PWMO clock Enabled.
[15:7] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
DPWM Clock Enable Bit
[6] DPWMCKEN 0 = DPWM clock Disabled.
1 = DPWM clock Enabled.
[5:0] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
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Clock Source Select Control Register 0 (CLK CLKSELO)

Register Offset R/W |Description Reset Value
CLK_CLKSELO CLK_BA+0x10 R/W |Clock Source Select Control Register 0 0x0000_003X
31 30 29 28 27 26 25 24
Reserved HIRCFSEL
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved STCLKSEL HCLKSEL
Bits Description
[31:25] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Internal High Speed RC Oscillator Frequency Selection. (Write Protect)
Determines which trim setting to use for internal high speed RC oscillator.
[24] HIRCFSEL 0=49.152 MHz .
1 =48.0 MHz.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
[23:6] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

Cortex®-M4 SysTick Clock Source Selection (Write Protected)
If SYST_CTRL[2]=0, SysTick uses listed clock source below.

000 = Clock source from HXT.

001 = Clock source from LXT.

010 = Clock source from HXT/2.

[5:3] STCLKSEL 011 = Clock source from HCLK/2.

111 = Clock source from HIRC/2.

Notel: if SysTick clock source is not from HCLK (i.e. SYST_CTRL[2] = 0), SysTick clock
source must less than or equal to HCLK/2.

Note2: The reset value of this field is 111b.
Note3: This bit is write protected. Refer to the SYS_REGLCTL register.

HCLK Clock Source Selection (Write Protected)

Before clock switching, the related clock sources (both pre-select and new-select) must be
turned on and stable flag must be 1.

The default value is reloaded from the value of CFOSC (CONFIGO[26]) in user
configuration register of Flash controller by any reset. Therefore the default value is either
000b or 111b.

000 = Clock source from HXT.
001 = Clock source from LXT.

[2:0] HCLKSEL
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010 = Clock source from PLL.

011 = Clock source from LIRC.

111= Clock source from HIRC.

Other = Reserved. Do not use.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Clock Source Select Control Register 1 (CLK CLKSEL1)
Before clock switching, the related clock sources (pre-selected and newly-selected) must be turned

on.
Register Offset R/W |Description Reset Value
CLK_CLKSEL1 CLK_BA+0x14 R/W |Clock Source Select Control Register 1 0xB377_7703
31 30 29 28 27 26 25 24
WWDTSEL CLKOSEL Reserved UARTOSEL
23 22 21 20 19 18 17 16
Reserved TMR3SEL Reserved TMR2SEL
15 14 13 12 11 10 9 8
Reserved TMR1SEL Reserved TMROSEL
7 6 5 4 3 2 1 0
Reserved WDTSEL
Bits Description
Window Watchdog Timer Clock Source Selection
[31:30] WWDTSEL 10 = Clock source from HCLK/2048.

11 = Clock source from internal low speed RC oscillator (LIRC).
Others = Reserved. Do not use.

Clock Divider Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[29:28] CLKOSEL 01 = Clock source from external low speed crystal oscillator (LXT).
10 = Clock source from HCLK.

11 = Clock source from internal high speed RC oscillator (HIRC).

Reserved. Any values read should be ignored. When writing to this field always write with

[27:26] Reserved
reset value.

UARTO Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[25:24] UARTOSEL 01 = Clock source from PLL.

10 = Clock source from external low speed crystal oscillator (LXT).
11 = Clock source from internal high speed RC oscillator (HIRC).

Reserved. Any values read should be ignored. When writing to this field always write with

[23] Reserved
reset value.

TIMERS Clock Source Selection

000 = Clock source from external high speed crystal oscillator (HXT).
001 = Clock source from external low speed crystal oscillator (LXT).
010 = Clock source from PCLK1.

011 = Clock source from external clock TM3 pin.

[22:20] TMR3SEL

101 = Clock source from internal low speed RC oscillator (LIRC).
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111 = Clock source from internal high speed RC oscillator (HIRC).
Others = Reserved. Do not use.
[19] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
TIMER2 Clock Source Selection
000 = Clock source from external high speed crystal oscillator (HXT).
001 = Clock source from external low speed crystal oscillator (LXT).
010 = Clock source from PCLK1.
[18:16] TMR2SEL _
011 = Clock source from external clock TM2 pin.
101 = Clock source from internal low speed RC oscillator (LIRC).
111 = Clock source from internal high speed RC oscillator (HIRC).
Others = Reserved. Do not use.
[15] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
TIMERL1 Clock Source Selection
000 = Clock source from external high speed crystal oscillator (HXT).
001 = Clock source from external low speed crystal oscillator (LXT).
010 = Clock source from PCLKO.
[14:12] TMR1SEL _
011 = Clock source from external clock TM1 pin.
101 = Clock source from internal low speed RC oscillator (LIRC).
111 = Clock source from internal high speed RC oscillator (HIRC).
Others = Reserved. Do not use.
[11] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
TIMERO Clock Source Selection
000 = Clock source from external high speed crystal oscillator (HXT).
001 = Clock source from external low speed crystal oscillator (LXT).
010 = Clock source from PCLKO.
[10:8] TMROSEL _
011 = Clock source from external clock TMO pin.
101 = Clock source from internal low speed RC oscillator (LIRC).
111 = Clock source from internal high speed RC oscillator (HIRC).
Others = Reserved. Do not use.
[7:2] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
’ reset value.
Watchdog Timer Clock Source Selection (Write Protected)
00 = Reserved. Do not use.
01 = Clock source from external low speed crystal oscillator (LXT).
[1:0] WDTSEL
10 = Clock source from HCLK/2048.
11 = Clock source from internal low speed RC oscillator (LIRC).
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Clock Source Select Control Register 2 (CLK CLKSEL2)
Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W |Description Reset Value
CLK_CLKSEL2 CLK_BA+0x18 R/W |Clock Source Select Control Register 2 0x0000_00A9
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved DPWMSEL DMICSEL Reserved
7 6 5 4 3 2 1 0
SPI2SEL SPI1SEL SPIOSEL Reserved PWMOSEL
Bits Description
[31:14] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

DPWM Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[13:12] DPWMSEL 01 = Clock source from PLL.

10 = Clock source from PCLKO.

11 = Clock source from internal high speed RC oscillator (HIRC).

DMIC Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[11:10] DMICSEL 01 = Clock source from PLL.

10 = Clock source from PCLK1.

11 = Clock source from internal high speed RC oscillator (HIRC).

Reserved. Any values read should be ignored. When writing to this field always write with

[9:8] Reserved reset value.

SPI2 Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[7:6] SPI2SEL 01 = Clock source from PLL.

10 = Clock source from PCLKO.

11 = Clock source from internal high speed RC oscillator (HIRC).

SPI1 Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[5:4] SPI1SEL 01 = Clock source from PLL.

10 = Clock source from PCLK1.

11 = Clock source from internal high speed RC oscillator (HIRC).

[3:2] SPIOSEL SPI0 Clock Source Selection
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00 = Clock source from external high speed crystal oscillator (HXT).
01 = Clock source from PLL.

10 = Clock source from PCLKO.

11 = Clock source from internal high speed RC oscillator (HIRC).

Reserved. Any values read should be ignored. When writing to this field always write with

[1] Reserved
reset value.
PWMO Clock Source Selection
The peripheral clock source of PWMO is defined by PWMOSEL.
[0] PWMOSEL

0 = Clock source from PLL.
1 = Clock source from PCLKO.
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Clock Source Select Control Register 3 (CLK CLKSEL3)
Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W |Description Reset Value
CLK_CLKSEL3 CLK_BA+0x1C R/W |Clock Source Select Control Register 3 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved 12SOSEL
15 14 13 12 11 10 9 8
Reserved RTCSEL
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:18] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

I°S0 Clock Source Selection

00 = Clock source from external high speed crystal oscillator (HXT).
[17:16] 12SOSEL 01 = Clock source from PLL clock.

10 = Clock source from PCLKO.

11 = Clock source from internal high speed RC oscillator (HIRC).

Reserved. Any values read should be ignored. When writing to this field always write with

[15:9] Reserved
reset value.
RTC Clock Source Selection
[8] RTCSEL 0 = Clock source from external low speed crystal oscillator (LXT).
1 = Clock source from internal low speed RC oscillator (LIRC).
[7:0] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.
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Clock Divider Number Register 0 (CLK _CLKDIV0)

Register Offset R/W |Description Reset Value
CLK_CLKDIVO CLK_BA+0x20 R/W |Clock Divider Number Register O 0x0006_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
EADCDIV
15 14 13 12 11 10 9 8
Reserved UARTODIV
7 6 5 4 3 2 1 0
USBDIV HCLKDIV
Bits Description
[31:24] Reserved Ir'\;e;se(ter\\//:ﬂéiﬁxny values read should be ignored. When writing to this field always write with
EADC Clock Divide Number From EADC Clock Source
[23:16] EADCDIV
EADC clock frequency = (EADC clock source frequency) / (EADCDIV + 1).
[15:12] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
UARTO Clock Divide Number From UARTO Clock Source
[11:8] UARTODIV
UARTO clock frequency = (UARTO clock source frequency) / (UARTODIV + 1).
USB Clock Divide Number From PLL Clock
[7:4] USBDIV
USB clock frequency = (USB clock source frequency) / (USBDIV + 1).
HCLK Clock Divide Number From HCLK Clock Source
[3:0] HCLKDIV
HCLK clock frequency = (HCLK clock source frequency) / (HCLKDIV + 1).
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Clock Source Select Control Reqgister 4 (CLK CLKSEL4)

Register Offset R/W |Description Reset Value
CLK_CLKSEL4 CLK_BA+0x24 R/W |Clock Source Select Control Register 4 0x0000_0000
31 30 29 28 27 26 25 24
Reserved USBSEL
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
Reserved. Any values read should be ignored. When writing to this field always write with
[31:25] Reserved reset value. g ° ’ /
USB Clock Source Selection
[24] USBSEL 0 = Clock source from internal high speed RC oscillator (HIRC).
1 = Clock source from PLL.
[23:0] Reserved ie;se(:r\\//:lﬂéény values read should be ignored. When writing to this field always write with
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APB Clock Divider Register (CLK PCLKDIV)

Register Offset R/W |Description Reset Value
CLK_PCLKDIV CLK_BA+0x34 R/W |APB Clock Divider Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved APB1DIV Reserved APBODIV
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

317
[ 1 Reserved reset value.

APB1 Clock Divider
APB1 clock can be divided from HCLK
000: PCLK1 = HCLK.
001: PCLK1 = 1/2 HCLK.
[6:4] APB1DIV 010: PCLK1 = 1/4 HCLK.
011: PCLK1 = 1/8 HCLK.
100: PCLK1 = 1/16 HCLK.
Others: Reserved. Do not use.

Note: When the clock rate of HCLK greater than 100 MHz, the value of APB1DIV
(CLK_PCLKDIV[6:4]) and APBODIV(CLK_PCLKDIV[2:0]) must be greater than 0.

Reserved. Any values read should be ignored. When writing to this field always write with

[3] Reserved
reset value.

APBO Clock Divider

APBO clock can be divided from HCLK
000: PCLKO = HCLK.

001: PCLKO = 1/2 HCLK.

010: PCLKO = 1/4 HCLK.

011: PCLKO = 1/8 HCLK.

100: PCLKO = 1/16 HCLK.

Others: Reserved. Do not use.

Note: When the clock rate of HCLK greater than 100 MHz, the value of APB1DIV
(CLK_PCLKDIV[6:4]) and APBODIV(CLK_PCLKDIV[2:0]) must be greater than 0.

[2:0] APBODIV
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PLL Control Reqgister (CLK PLLCTL)

Register Offset R/W |Description Reset Value
CLK_PLLCTL CLK_BA+0x40 R/W |PLL Control Register 0x0005_8430
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
STBSEL Reserved PLLSRC OE BP PD
15 14 13 12 11 10 9 8
OuUTDIV INDIV FBDIV
7 6 5 4 3 2 1 0
FBDIV
Bits Description
[31:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
' reset value.
PLL Stable Counter Selection (Write Protected)
0 = PLL stable time is 6144 PLL source clock (suitable for source clock is equal to or less
than 12.288 MHz).
[23] STBSEL o ) )
1 = PLL stable time is 12288 PLL source clock (suitable for source clock is larger than
12.288 MHz).
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
[22:20] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PLL Source Clock Selection (Write Protected)
0 = PLL source clock from external high-speed crystal oscillator (HXT).
[19] PLLSRC . . .
1 = PLL source clock from internal high-speed oscillator (HIRC).
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
PLL OE (FOUT Enable) Pin Control (Write Protected)
0 = PLL FOUT Enabled.
[18] OE o
1 =PLL FOUT is fixed low.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
PLL Bypass Control (Write Protected)
0 = PLL is in normal mode (default).
[17] BP . .
1 = PLL clock output is same as PLL input clock FIN.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Power-down Mode (Write Protected)
If set the PDEN bit to 1 in CLK_PWRCTL register, the PLL will enter Power-down mode,
[16] PD too.
0 = PLL is in normal mode.
1 =PLL is in Power-down mode (default).
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Note: This bit is write protected. Refer to the SYS_REGLCTL register.

PLL Output Divider Control (Write Protected)
[15:14] OuTDIV Refer to the formulas below the table.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

PLL Input Divider Control (Write Protected)
[13:9] INDIV Refer to the formulas below the table.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

PLL Feedback Divider Control (Write Protected)
[8:0] FBDIV Refer to the formulas below the table.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Output Clock Frequency formula:

2*NF 1
—X

NO

FOUT = FIN x

FREF = FIN / NR, where FREF is the comparison frequency for the PFD (phase frequency detector).
FVCO = FOUT * NO

For proper operation in normal mode, the following constraints must be satisfied:

4 MHz <FREF <8 MHz

200 MHz = FVCO = 500 MHz

50 MHz < FOUT < 200 MHz

Symbol Description

FOUT Output Clock Frequency

FIN Input (Reference) Clock Frequency
NR Input Divider (INDIV + 1)

NF Feedback Divider (FBDIV + 2)

OUTDIV = “00” : NO = 1
NO OUTDIV =“01": NO =2
OUTDIV =“10": NO = 2
OUTDIV =“11":NO = 4

Table 6.3.9-1 The symbol definition of PLL Output Frequency formula
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Clock Status Monitor Reqgister (CLK _STATUS)

The bits in this register are used to monitor if the chip clock source is stable or not, and whether the
clock switch is failed.

Register Offset R/W |Description Reset Value
CLK_STATUS CLK_BA+0x50 R  [Clock Status Monitor Register 0x0000_0018
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CLKSFAIL Reserved HIRCSTB Reserved PLLSTB LXTSTB HXTSTB
Bits Description
[31:8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

Clock Switching Fail Flag (Read Only)

This bit is updated when software switches system clock source (CLK_CLKSELO[2:0]). If

7 switch target clock is stable, this bit will be set to 0. If switch target clock is not stable, this
(7] CLKSFAIL bit will be set to 1.

0 = Clock switching success.
1 = Clock switching failure.

Reserved. Any values read should be ignored. When writing to this field always write with

[6:5] Reserved
reset value.

HIRC Clock Source Stable Flag (Read Only)
[4] HIRCSTB 0 = Internal high speed RC oscillator (HIRC) clock is not stable or disabled.
1 = Internal high speed RC oscillator (HIRC) clock is stable and enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[3] Reserved
reset value.

Internal PLL Clock Source Stable Flag (Read Only)
[2] PLLSTB 0 = Internal PLL clock is not stable or disabled.
1 = Internal PLL clock is stable and enabled.

LXT Clock Source Stable Flag (Read Only)
[1] LXTSTB 0 = External low speed crystal oscillator (LXT) clock is not stable or disabled.
1 = External low speed crystal oscillator (LXT) clock is stabled and enabled.

HXT Clock Source Stable Flag (Read Only)
[0] HXTSTB 0 = External high speed crystal oscillator (HXT) clock is not stable or disabled.
1 = External high speed crystal oscillator (HXT) clock is stable and enabled.
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Clock Output Control Reqgister (CLK CLKOCTL)

Register Offset R/W [Description Reset Value
CLK_CLKOCTL CLK_BA+0x60 R/W |Clock Output Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLK1HZEN DIV1EN CLKOEN FREQSEL
Bits Description
[31:7] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Clock Output 1Hz Enable Bit
0 = 1 Hz clock output for RTC frequency compensation Disabled.
(6] CLK1HZEN

1 =1 Hz clock output for RTC frequency compensation Enabled.
Note: RTC IP need to be enabled.

Clock Output Divide One Enable Bit
[5] DIV1EN 0 = Clock Output will output clock with source frequency divided by FREQSEL.
1 = Clock Output will output clock with source frequency.

Clock Output Enable Bit
[4] CLKOEN 0 = Clock Output function Disabled.
1 = Clock Output function Enabled.

Clock Output Frequency Selection
The formula of output frequency is
Fout = Fm/Z(Nﬂ)'

[3:0] FREQSEL ) .
Fin is the input clock frequency.

Fou is the frequency of divider output clock.

N is the 4-bit value of FREQSEL[3:0].
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Clock Fail Detector Control Register (CLK CLKDCTL)

Register Offset R/W |Description Reset Value
CLK_CLKDCTL CLK_BA+0x70 R/W |Clock Fail Detector Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved HXTFQIEN HXTFQDEN
15 14 13 12 11 10 9 8
Reserved LXTFIEN LXTFDEN Reserved
7 6 5 4 3 2 1 0
Reserved HXTFIEN HXTFDEN Reserved
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

31:18
[ ] Reserved reset value.

HXT Clock Frequency Range Detector Interrupt Enable Bit

0 = External high speed crystal oscillator (HXT) clock frequency Range Detector fail
[17] HXTFQIEN interrupt Disabled.

1 = External high speed crystal oscillator (HXT) clock frequency Range Detector fail
interrupt Enabled.

HXT Clock Frequency Monitor Enable Bit
[16] HXTFQDEN 0 = External high speed crystal oscillator (HXT) clock frequency Range Detector Disabled.
1 = External high speed crystal oscillator (HXT) clock frequency Range Detector Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[15:14] Reserved reset value.

LXT Clock Fail Interrupt Enable Bit
[13] LXTFIEN 0 = External low speed crystal oscillator (LXT) clock fail interrupt Disabled.
1 = External low speed crystal oscillator (LXT) clock fail interrupt Enabled.

LXT Clock Fail Detector Enable Bit
[12] LXTFDEN 0 = External low speed crystal oscillator (LXT) clock fail detector Disabled.
1 = External low speed crystal oscillator (LXT) clock fail detector Enabled.

Reserved. Any values read should be ignored. When writing to this field always write with

[11:6] Reserved
reset value.

HXT Clock Fail Interrupt Enable Bit
[5] HXTFIEN 0 = External high speed crystal oscillator (HXT) clock fail interrupt Disabled.
1 = External high speed crystal oscillator (HXT) clock fail interrupt Enabled.

HXT Clock Fail Detector Enable Bit
[4] HXTFDEN 0 = External high speed crystal oscillator (HXT) clock fail detector Disabled.
1 = External high speed crystal oscillator (HXT) clock fail detector Enabled.
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Reserved. Any values read should be ignored. When writing to this field always write with

[3:0] Reserved reset value.
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Clock Fail Detector Status Register (CLK CLKDSTS)

Register Offset R/W |Description Reset Value
CLK_CLKDSTS CLK_BA+0x74 R/W |Clock Fail Detector Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved HXTFQIF
7 6 5 4 3 2 1 0
Reserved LXTFIF HXTFIF
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
HXT Clock Frequency Range Detector Interrupt Flag
0 = External high speed crystal oscillator (HXT) clock frequency is normal.
(8l HXTFQIF _g P Y _ (HXT) auency _
1 = External high speed crystal oscillator (HXT) clock frequency is abnormal.
Note: Write 1 to clear the bit to 0.
[7:2] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
LXT Clock Fail Interrupt Flag
0 = External low speed crystal oscillator (LXT) clock is normal.
[1] LXTFIF i
1 = External low speed crystal oscillator (LXT) stops.
Note: Write 1 to clear the bit to 0.
HXT Clock Fail Interrupt Flag
0 = External high speed crystal oscillator (HXT) clock is normal.
[0] HXTFIF . )
1 = External high speed crystal oscillator (HXT) clock stops.
Note: Write 1 to clear the bit to 0.
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Clock Frequency Detector Upper Boundary Register (CLK CDUPB)

Register Offset R/W [Description Reset Value
CLK_CDUPB CLK_BA+0X78 RIW gleogcilételirequency Range Detector Upper Boundary 0X0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved UPERBD
7 6 5 4 3 2 1 0
UPERBD

Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

[31:10] Reserved
reset value.

HXT Clock Frequency Range Detector Upper Boundary Value
The bits define the maximum value of frequency range detector window.

The HXT detected frequency value is 512 * (the frequency of HXT / the frequency of
[9:0] UPERBD HIRC)

If the HXT detected frequency value higher than this maximum frequency value
(UPERBD), the HXT Clock Frequency Range Detector |Interrupt Flag
(HXTFQIF(CLK_CLKDSTS[8])) will set to 1.
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Clock Frequency Detector Lower Boundary Reqgister (CLK _CDLOWB)

Register Offset R/W |Description Reset Value

Clock Frequency Range Detector Lower Boundary

CLK_CDLOWB CLK_BA+0x7C R/W B 0x0000_0000
Register
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved LOWERBD
7 6 5 4 3 2 1 0
LOWERBD
Bits Description
[31:10] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
HXT Clock Frequency Range Detector Lower Boundary Value
The bits define the minimum value of frequency range detector window.
The HXT detected frequency value is 512 * (the frequency of HXT / the frequency of
[9:0] LOWERBD HIRC)

If the HXT detected frequency value lower than this minimum frequency value
(LOWERBD), the HXT Clock Frequency Range Detector Interrupt Flag
(HXTFQIF(CLK_CLKDSTS[8])) will set to 1.
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Power Manager Control Register (CLK PMUCTL)

Register Offset R/W |Description Reset Value
CLK_PMUCTL CLK_BA+0x90 R/W |Power Manager Control Register 0x0000_0080
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
RTCWKEN Reserved WKPINEN
15 14 13 12 11 10 9 8
Reserved WKTMRIS WKTMREN
7 6 5 4 3 2 1 0
Reserved PDMSEL
Bits Description

Reserved. Any values read should be ignored. When writing to this field always write with

31:24
[ ] Reserved reset value.

RTC Wake-up Enable Bit (Write Protected)

This is a protected register. Please refer to open lock sequence to program it.
[23] RTCWKEN 0 = RTC wake-up disable at Standby Power-down mode.

1 = RTC wake-up enabled at Standby Power-down mode.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Reserved. Any values read should be ignored. When writing to this field always write with

[22:18] Reserved reset value.

Wake-up Pin Enable (Write Protected)

This is a protected register. Please refer to open lock sequence to program it.
00 = Wake-up pin disable at Deep Power-down mode.

[17:16] WKPINEN 01 = Wake-up pin rising edge enabled at Deep Power-down mode.

10 = Wake-up pin falling edge enabled at Deep Power-down mode.

11 = Wake-up pin both edge enabled at Deep Power-down mode.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Reserved. Any values read should be ignored. When writing to this field always write with

[15:12] Reserved reset value.

Wake-up Timer Time-out Interval Select (Write Protected)

This is a protected register. Please refer to open lock sequence to program it.
These bits control wake-up timer time-out interval when chip at DPD/SPD mode.
000 = Time-out interval is 128 LIRC clocks (About 12.8 ms).

[11:9] WKTMRIS 001 = Time-out interval is 256 LIRC clocks (About 25.6 ms).

010 = Time-out interval is 512 LIRC clocks (About 51.2 ms).

011 = Time-out interval is 1024 LIRC clocks (About 102.4ms).

100 = Time-out interval is 4096 LIRC clocks (About 409.6ms).

101 = Time-out interval is 8192 LIRC clocks (About 819.2ms).
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110 = Time-out interval is 16384 LIRC clocks (About 1638.4ms).
111 = Time-out interval is 65536 LIRC clocks (About 6553.6ms).
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Wake-up Timer Enable (Write Protected)

This is a protected register. Please refer to open lock sequence to program it.
[8] WKTMREN 0 = Wake-up timer disable at DPD/SPD mode.

1 = Wake-up timer enabled at DPD/SPD mode.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Reserved. Any values read should be ignored. When writing to this field always write with

[7:3] Reserved reset value.

Power-down Mode Selection (Write Protected)
This is a protected register. Please refer to open lock sequence to program it.

These bits control chip power-down mode grade selection when CPU execute WFI/WFE
instruction.

000 = Power-down mode is selected. (PD)

001 = Low leakage Power-down mode is selected (LLPD).

[2:0] PDMSEL 010 = Reserved. Do not use.

011 = Reserved. Do not use.

100 = Standby Power-down mode 0 is selected (SPDO) (SRAM retention).
101 = Standby Power-down mode 1 is selected (SPD1).

110 = Deep Power-down mode is selected (DPD).

111 = Reserved. Do not use.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Power Manager Status Register (CLK PMUSTS)

Register Offset R/W |Description Reset Value
CLK_PMUSTS CLK_BA+0x94 R/W |Power Manager Status Register 0x0000_0001
31 30 29 28 27 26 25 24
CLRWK Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved GPDWK GPCWK GPBWK GPAWK
7 6 5 4 3 2 1 0

DPD_RSTWK | SPD_TMRWK RTCWK BODWK Reserved DPD_TMRWK PINWK PORWK

Bits Description
Clear Wake-up Flag
0 = No clear.

(31] CLRWK
1 = Clear all wake-up flag.

Note: This bit is auto cleared by hardware.
(30:12] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
: reset value.
GPD Wake-up Flag (Read Only)

[11] GPDWK This flag indicates that wake-up of chip from Standby Power-down mode was requested by
a transition of selected one GPD group pins. This flag is cleared when SPD mode is
entered.

GPC Wake-up Flag (Read Only)

[10] GPCWK This flag indicates that wake-up of chip from Standby Power-down mode was requested by
a transition of selected one GPC group pins. This flag is cleared when SPD mode is
entered.

GPB Wake-up Flag (Read Only)

[9] GPBWK This flag indicates that wake-up of chip from Standby Power-down mode was requested by
a transition of selected one GPB group pins. This flag is cleared when SPD mode is
entered.

GPA Wake-up Flag (Read Only)

18] GPAWK This flag indicates that wake-up of chip from Standby Power-down mode was requested by
a transition of selected one GPA group pins. This flag is cleared when SPD mode is
entered.

DPD Mode Reset Wake-up Flag (Read Only)

[7] DPD_RSTWK This flag indicates that wakeup of device was requested with a reset. This flag is cleared
when DPD mode is entered.

SPD Mode Wake-up Timer Wake-up Flag (Read Only)

[6] SPD_TMRWK This flag indicates that wake-up of chip was requested by wakeup timer time-out. This flag
is cleared when SPD mode is entered.
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RTC Wake-up Flag (Read Only)

(5] RTCWK This flag indicates that wakeup of device from Standby Power-down mode was requested
with a RTC alarm or tick time happened. This flag is cleared when SPD mode is entered.

BOD Wake-up Flag (Read Only)

[4] BODWK This flag indicates that wakeup of device from Standby Power-down mode was requested
with a BOD happened. This flag is cleared when SPD mode is entered.

Reserved. Any values read should be ignored. When writing to this field always write with

[3] Reserved
reset value.

DPD Mode Wake-up Timer Wake-up Flag (Read Only)

[2 DPD_TMRWK This flag indicates that wake-up of chip from Deep Power-down mode (DPD) was
requested by wakeup timer time-out. This flag is cleared when DPD mode is entered.

Pin Wake-up Flag (Read Only)

1 PINWK This flag indicates that wake-up of chip from Deep Power-down mode was requested by a
transition of the WAKEUP pin (PA.15). This flag is cleared when DPD mode is entered.

Power-on-reset Wake-up Flag (Read Only)

[0] PORWK This flag indicates that wakeup of device was requested with a power-on reset. This flag is
cleared when DPD mode is entered.
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Chip LDO Register (CLK LDOCTL)

Register Offset R/W |Description Reset Value
CLK_LDOCTL CLK_BA+0x98 R/W |Chip LDO Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved OVEN
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
LDO over Drive Enable Bit
0 = LDO keep standard voltage operating.
[8] OVEN _ _
1 = LDO over drive voltage operating.
Note: The bit must be set to 1 when the frequency of HCLK high than 160 MHz.
Reserved. Any values read should be ignored. When writing to this field always write with
[7:0] Reserved reset value. g ’ ’ y
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Standby Power-down Wake-up De-bounce Control Reqgister (CLK SWKDBCTL)

Register Offset R/W [Description Reset Value
CLK_SWKDBCTL CLK_BA+0X9C RIW ggagr:gttg Power-down Wake-up De-bounce Control 0X0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SWKDBCLKSEL
Bits Description
[31:4] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Standby Power-down Wake-up De-bounce Sampling Cycle Selection
0000 = Sample wake-up input once per 1 clocks.
0001 = Sample wake-up input once per 2 clocks.
0010 = Sample wake-up input once per 4 clocks.
0011 = Sample wake-up input once per 8 clocks.
0100 = Sample wake-up input once per 16 clocks.
0101 = Sample wake-up input once per 32 clocks.
0110 = Sample wake-up input once per 64 clocks.
0111 = Sample wake-up input once per 128 clocks.
[3:0] SWKDBCLKSEL P pinp P

1000 = Sample wake-up input once per 256 clocks.

1001 = Sample wake-up input once per 2*256 clocks.

1010 = Sample wake-up input once per 4*256 clocks.

1011 = Sample wake-up input once per 8*256 clocks.

1100 = Sample wake-up input once per 16*256 clocks.

1101 = Sample wake-up input once per 32*256 clocks.

1110 = Sample wake-up input once per 64*256 clocks.

1111 = Sample wake-up input once per 128*256 clocks..

Note: De-bounce counter clock source is the internal low speed RC oscillator (LIRC).
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PA Standby Power-down Wake-up Control Reqgister (CLK PASWKCTL)

Register Offset R/W |Description Reset Value
CLK_PASWKCTL CLK_BA+0xA0 R/W |GPA Standby Power-down Wakeup Control Register  |0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved DBEN
7 6 5 4 3 2 1 0
WKPSEL Reserved PFWKEN PRWKEN WKEN
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PA Input Signal De-bounce Enable Bit
The DBEN bit is used to enable the de-bounce function for each corresponding I/O. 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 wakeup. The
(8] DBEN de-bounce clock source is the internal low speed RC oscillator.

0 = Standby power-down wake-up pin De-bounce function disable.
1 = Standby power-down wake-up pin De-bounce function enable.
The de-bounce function is valid only for edge triggered.

PA Standby Power-down Wake-up Pin Select
0000 = PA.0 wake-up function enabled.
0001 = PA.1 wake-up function enabled.
0010 = PA.2 wake-up function enabled.
0011 = PA.3 wake-up function enabled.
0100 = PA.4 wake-up function enabled.
0101 = PA.5 wake-up function enabled.
0110 = PA.6 wake-up function enabled.
[7:4] WKPSEL 0111 = PA.7 wake-up function enabled.
1000 = PA.8 wake-up function enabled.
1001 = PA.9 wake-up function enabled.
1010 = PA.10 wake-up function enabled.
1011 = PA.11 wake-up function enabled.
1100 = PA.12 wake-up function enabled.
1101 = PA.13 wake-up function enabled.
1110 = PA.14 wake-up function enabled.
1111 = PA.15 wake-up function enabled.

[3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
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reset value.

Pin Falling Edge Wake-up Enable Bit
[2] PFWKEN 0 = PA group pin falling edge wake-up function disabled.
1 = PA group pin falling edge wake-up function enabled.

Pin Rising Edge Wake-up Enable Bit
[1] PRWKEN 0 = PA group pin rising edge wake-up function disabled.
1 = PA group pin rising edge wake-up function enabled.

Standby Power-down Pin Wake-up Enable Bit
[0] WKEN 0 = PA group pin wake-up function disabled.
1 = PA group pin wake-up function enabled.
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PB Standby Power-down Wake-up Control Reqgister (CLK PBSWKCTL)

Register Offset R/W |Description Reset Value
CLK_PBSWKCTL CLK_BA+0xA4 R/W |GPB Standby Power-down Wakeup Control Register  |0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved DBEN
7 6 5 4 3 2 1 0
WKPSEL Reserved PFWKEN PRWKEN WKEN
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PB Input Signal De-bounce Enable Bit
The DBEN bit is used to enable the de-bounce function for each corresponding I/O. 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 wakeup. The
(8] DBEN de-bounce clock source is the internal low speed RC oscillator.

0 = Standby power-down wake-up pin De-bounce function disable.
1 = Standby power-down wake-up pin De-bounce function enable.
The de-bounce function is valid only for edge triggered.

PB Standby Power-down Wake-up Pin Select
0000 = PB.0 wake-up function enabled.
0001 = PB.1 wake-up function enabled.
0010 = PB.2 wake-up function enabled.
0011 = PB.3 wake-up function enabled.
0100 = PB.4 wake-up function enabled.
0101 = PB.5 wake-up function enabled.
0110 = PB.6 wake-up function enabled.
[7:4] WKPSEL 0111 = PB.7 wake-up function enabled.
1000 = PB.8 wake-up function enabled.
1001 = PB.9 wake-up function enabled.
1010 = Reserved. Do not use.

1011 = Reserved. Do not use.

1100 = Reserved. Do not use.

1101 = PB.13 wake-up function enabled.
1110 = PB.14 wake-up function enabled.
1111 = PB.15 wake-up function enabled.

[3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
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reset value.

Pin Falling Edge Wake-up Enable Bit
[2] PFWKEN 0 = PB group pin falling edge wake-up function disabled.
1 = PB group pin falling edge wake-up function enabled.

Pin Rising Edge Wake-up Enable Bit
[1] PRWKEN 0 = PB group pin rising edge wake-up function disabled.
1 = PB group pin rising edge wake-up function enabled.

Standby Power-down Pin Wake-up Enable Bit
[0] WKEN 0 = PB group pin wake-up function disabled.
1 = PB group pin wake-up function enabled.
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PC Standby Power-down Wake-up Control Reqgister (CLK PCSWKCTL)

Register Offset R/W |Description Reset Value
CLK_PCSWKCTL CLK_BA+0xA8 R/W |GPC Standby Power-down Wakeup Control Register |0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved DBEN
7 6 5 4 3 2 1 0
WKPSEL Reserved PFWKEN PRWKEN WKEN
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PC Input Signal De-bounce Enable Bit
The DBEN bit is used to enable the de-bounce function for each corresponding I/O. 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 wakeup. The
(8] DBEN de-bounce clock source is the internal low speed RC oscillator.

0 = Standby power-down wake-up pin De-bounce function disable.
1 = Standby power-down wake-up pin De-bounce function enable.
The de-bounce function is valid only for edge triggered.

PC Standby Power-down Wake-up Pin Select
0000 = PC.0 wake-up function enabled.
0001 = PC.1 wake-up function enabled.
0010 = PC.2 wake-up function enabled.
0011 = PC.3 wake-up function enabled.
0100 = PC.4 wake-up function enabled.
0101 = PC.5 wake-up function enabled.
0110 = PC.6 wake-up function enabled.
[7:4] WKPSEL 0111 = PC.7 wake-up function enabled.
1000 = PC.8 wake-up function enabled.
1001 = PC.9 wake-up function enabled.
1010 = PC.10 wake-up function enabled.
1011 = PC.11 wake-up function enabled.
1100 = PC.12 wake-up function enabled.
1101 = PC.13 wake-up function enabled.
1110 = PC.14 wake-up function enabled.
1111 = PC.15 wake-up function enabled.

[3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
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reset value.

Pin Falling Edge Wake-up Enable Bit
[2] PFWKEN 0 = PC group pin falling edge wake-up function disabled.
1 = PC group pin falling edge wake-up function enabled.

Pin Rising Edge Wake-up Enable Bit
[1] PRWKEN 0 = PC group pin rising edge wake-up function disabled.
1 = PC group pin rising edge wake-up function enabled.

Standby Power-down Pin Wake-up Enable Bit
[0] WKEN 0 = PC group pin wake-up function disabled.
1 = PC group pin wake-up function enabled.
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PD Standby Power-down Wake-up Control Reqgister (CLK PDSWKCTL)

Register Offset R/W |Description Reset Value
CLK_PDSWKCTL CLK_BA+0xAC R/W |GPD Standby Power-down Wakeup Control Register |0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved DBEN
7 6 5 4 3 2 1 0
WKPSEL Reserved PFWKEN PRWKEN WKEN
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
PD Input Signal De-bounce Enable Bit
The DBEN bit is used to enable the de-bounce function for each corresponding I/O. 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 wakeup. The
(8] DBEN de-bounce clock source is the internal low speed RC oscillator.

0 = Standby power-down wake-up pin De-bounce function disable.
1 = Standby power-down wake-up pin De-bounce function enable.
The de-bounce function is valid only for edge triggered.

PD Standby Power-down Wake-up Pin Select
0000 = PD.0 wake-up function enabled.
0001 = PD.1 wake-up function enabled.
0010 = PD.2 wake-up function enabled.
0011 = PD.3 wake-up function enabled.
0100 = PD.4 wake-up function enabled.
0101 = PD.5 wake-up function enabled.
0110 = PD.6 wake-up function enabled.
[7:4] WKPSEL 0111 = PD.7 wake-up function enabled.
1000 = PD.8 wake-up function enabled.
1001 = PD.9 wake-up function enabled.
1010 = PD.10 wake-up function enabled.
1011 = PD.11 wake-up function enabled.
1100 = PD.12 wake-up function enabled.
1101 = PD.13 wake-up function enabled.
1110 = PD.14 wake-up function enabled.
1111 = PD.15 wake-up function enabled.

[3] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

JUL 30, 2021 Page 184 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

0 -

reset value.

Pin Falling Edge Wake-up Enable Bit
[2] PFWKEN 0 = PD group pin falling edge wake-up function disabled.
1 = PD group pin falling edge wake-up function enabled.

Pin Rising Edge Wake-up Enable Bit
[1] PRWKEN 0 = PD group pin rising edge wake-up function disabled.
1 = PD group pin rising edge wake-up function enabled.

Standby Power-down Pin Wake-up Enable Bit
[0] WKEN 0 = PD group pin wake-up function disabled.
1 = PD group pin wake-up function enabled.
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GPIO Standby Power-down Control Register (CLK IOPDCTL)

Register Offset R/W |Description Reset Value
CLK_IOPDCTL CLK_BA+0xB0 R/W |GPIO Standby Power-down Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved IOHR
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
GPIO Hold Release
When GPIO enter standby power-down mode, all /O status are hold to keep normal
[0] IOHR operating status. After chip was waked up from standby power-down mode, the I/O are still
keep hold status until user set this bit to release I/O hold status.
This bit is auto cleared by hardware.
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6.4 Flash Memory Controller (FMC)

6.4.1 Overview

The Flash Memory Controller (FMC) is equipped with 512 Kbytes on-chip embedded Flash for
application and configurable Data Flash to store some application dependent data. A User
Configuration block provides for system initiation. A 4 Kbytes loader ROM (LDROM) is used for
In-System-Programming (ISP) function. A 4 Kbytes cache with zero wait cycle is used to improve
Flash access performance. This chip also supports system memory vector remap in In-
Application-Programming (IAP) mode.

6.4.2 Features

Supports up to 512 KB of application ROM (APROM).

Supports 4 KB loader ROM (LDROM).

Supports Data Flash with configurable memory size.

Supports 12 bytes User Configuration block to control system initiation.
Supports 4 KB page erase for all embedded flash.

Supports 32-bit/64-bit and multi-word flash programming function.
Supports fast flash programming verification function.

Supports CRC32 checksum calculation function.

Supports flash all one verification function

Supports cache memory to improve flash access performance and reduce power
consumption.

Supports In-System-Programming (ISP) to update embedded flash memory.

Supports system memory vector remap function in In-Application-Programming (I1AP)
mode.

®  Supports 4 KB two-way cache memory to improve flash access performance and reduce
power consumption.
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6.4.3 Block Diagram

The flash memory controller consists of AHB slave interface, ISP control logic and flash macro
interface timing control logic. The block diagram of flash memory controller is shown as follows.
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' Flash Memory Controller

User Configuration

. (12B)
Application ROM
with Data Flash
(512KB)
Loader ROM

(LDROM 4KB)

|
! |
! |
! |
! |
! |
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I Controller ontro :
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| Cache Memory Operation Flash Initialization :
| . |
| (4KB) Controller Controller |
|
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: Embedded Flash Memory :
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: BANKO I
| |
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[

Figure 6.4-1 Flash Memory Controller Block Diagram
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AHB Slave Interface

The AHB slave interface in the flash memory controller CPU instruction, data fetches and flash
control registers access.

Cache Memory Controller

A 4 KB cache memory with zero wait cycle is implemented between the CPU and embedded
flash memory. This cache memory improves the flash access performance and reduces power
consumption of the embedded flash memory.

Flash Control Registers

All of ISP control and status registers are in the flash control registers. The detailed register
description follows.

Flash Initialization Controller

When chip is powered-on or resumes active from reset, the flash initialization controller will start
to access flash automatically and check the flash stability, it then reloads the User Configuration
content to the flash control registers for system initialization.

Flash Operation Controller

The flash operations, such as flash erase, flash program, and flash read operation, have
specific control timings for embedded flash memory. The flash operation controller generates
these control timings for operations requested from the cache memory controller, 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
is consists of the user configuration block, 4 KB LDROM and 512 KB APROM with Data Flash.
The page erase flash size is 4 KB, and minimum program bit size is 32 bits.
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6.4.4  Functional Description

The FMC functions include the memory organization, boot selection, IAP, ISP, the embedded Flash
programming, and checksum calculation. The following sections also introduces Flash memory map
and system memory map.

6.4.4.1 Memory Organization

The FMC memory consists of the embedded Flash memory. The embedded Flash memory is
programmable, and includes APROM, LDROM, Data Flash and User Configuration block. The
address map includes Flash memory map and four system memory maps: LDROM with IAP, LDROM
without IAP, APROM with IAP and APROM without IAP.

0x0030_000B o ) )
Configuration ;’>:, Configure: security lock, boot
0x0030_0000 Bytes Ny ~TT7° > select, brown-out voltage, data
ffffffffffffffffffff flash base address(DFBA), etc.
0x0010_FFFF
LDROM E ffffff > Loader ROM
0x0010_0000 ~
0x0007_FFFF
DataFlash | | »  Application data
(4*N)KB m
DFBA —» X
—
ApplicationROM ’ » Application ROM
0x0000_0000 (APROM)

Figure 6.4-2 Memory Organization

APROM and Data Flash

APROM is main memory for user applications. Data Flash is used to store application parameters
(not instruction). Data Flash is shared with APROM and size is configurable. The base address of
Data Flash is determined by DFBA (CONFIG1[19:0]). Due to all of the embedded Flash memory is
4 KB page erased, it is mandatory to keep DFBA[11:0] as O.

If DFEN bit = 1, the whole flash size will be assigned as APROM; if DFEN bit = 0, then area from
0x0000_0000 to DFBA-1 will be assigned to APROM, and the remaining flash size will be
assigned as Data Flash. See Configuration Bytes description for the definition of DFEN and
DFBA.

To update APROM content, user shall first set APUEN bit in FMC_ISPCTL register, and then call
FMC Erase followed by FMC Write function to complete the update. Data Flash content can be
updated without set APUEN bit.
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0x0007_FFFF Data Flash
o (4*N)KB
q DFBA ¥
To]
ApplicationROM ApplicationROM
(APROM) (APROM)
| DFEN-1 | | DFEN=0 |
0x0000_0000

EXAMPLE: APROM only vS. APROM + Data flash

Figure 6.4-3 Data Flash Shared with 512 KB APRM example

LDROM

LDROM is designed for a loader to implement In-System-Programming (ISP) function. It is a 4 KB
size flash memory region, the range of address from 0x0010_0000 to 0x0010_OFFF.

To update LDROM content, user shall first set LDUEN bit in FMC_ISPCTL register, and then call
FMC Erase followed by FMC Write function to complete the update.

Configuration Bytes

User Configuration block is internal programmable configuration area for boot options, such as
Flash security lock, boot select, brown-out voltage level, 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 three
32 bits words (CONFIGO, CONFIG1 and CONFIG2). Any change on User Configuration block will
take effect after system reboot.

User can call normal FMC single word read function to read these configuration bytes. To update
these configuration bytes, user shall first set CFGUEN bit in FMC_ISPCTL register, and then call
FMC Erase followed by FMC Write function to complete the update.

Refer to Table CONFIGO, CONFIG1 and CONFIG2 in Register Description section for details of
the configuration bits.

Note that it recommends to program User Configuration Block (CONFIGO, CONFIG1 and
CONFIG2) by ICP tool. If it is updated by user-specific firmware, the setting value should be
checked before system reboot.

6.4.4.2 Flash Memory Map

The Flash memory map is different from system memory map. The system memory map is used
by CPU fetch code or data from FMC memory. The Flash memory map is used for ISP function to
read, program or erase Flash memory regardless of which system address mapping is selected.
The Flash memory map is as Figure 6.4-4.
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Reserved

0x0030_000B

User Configuration

0x0030_0000 (12B)
Reserved

0x0010_OFFF Loader ROM

0x0010_0000 (LDROM 4KB)
Reserved

0x0007_FFFF

ApplicationROM
(APROM)

Max. 512KB

v 0x0000_0000

Figure 6.4-4 Flash Memory Map

6.4.4.3 System Memory Map with IAP Mode

The system memory map is used by CPU to fetch code or data from FMC memory. The Data
Flash is shared with APROM and the Data Flash base address is defined by CONFIG1. The
content of CONFIGL1 is loaded into DFBA (Data Flash Base Address Register) at the Flash
initiation.

The DFBA address to APROM end address is the Data Flash region for CPU data access, and the
address from 0x0000_0200 to (DFBA-1) is APROM region for CPU instruction access.

The address from 0x0000_0000 to 0x0000_O01FF is called system memory vector (vector table),
the CPU uses these vectors as entry points for the exception and interrupt handlers.

APROM and LDROM can map to the system memory vector for CPU start up. There are two kinds
of system memory map with IAP mode when chip booting: (1) LDROM with IAP and (2) APROM
with 1AP.

Figure 6.4-5 shows the system memory map with IAP mode.
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Reserved
“A 0x0010_OFFF
an} Loader ROM
% (LDROM 4KB)
0x0010_0000
Reserved
A k0007 FFFF Data Flash
m
ﬁ DFBA
S ApplicationROM
. (APROM)
s 0x0000_0200
= 0x0000_01FF
System Memory Vector
_Y _ _0x0000_0000

Figure 6.4-5 System Memory Map with IAP Mode

In LDROM with IAP mode, the LDROM (0x0010_0000 ~ 0x0010_01FF) is mapping to the system
memory vector for CPU instruction or data access. Figure 6.4-6 shows the memory map of
LDROM with IAP mode.

ApplicationROM

(APROM)
0x0000_0200
" 0x0000_01FF 0x0000_01FF
System Memory Vector <4— LDROM (512B)
0x0000_0000 0x0000_0000

Figure 6.4-6 LDROM with IAP Mode

In APROM with IAP mode, the APROM (0x0000_0000 ~ 0x0000_01FF) is mapping to the system
memory vector for CPU instruction or data access. Figure 6.4-7 shows the memory map of
LDROM with IAP mode.
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ApplicationROM
(APROM)

0x0000_0200

0x0000_O1FF

0x0000_01FF

System Memory Vector APROM (512B)

0x0000_0000

0x0000_0000

Figure 6.4-7 APROM with IAP Mode

In system memory map with IAP mode, APROM and LDROM can remap to the system memory
vector while user-specific firmware is running. User can write the target remap address to
FMC_ISPADDR register and then trigger ISP procedure with the “Vector Remap” command
(Ox2E). In VECMAP (FMC_ISPSTS[23:9]), shows the finial system memory vector mapping
address.

6.4.4.4 System Memory Map without IAP Mode

In 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 1AP, (2) APROM without IAP. In LDROM without IAP mode, LDROM base is mapping to
0x0000_0000. CPU program cannot run to access APROM. In APROM without IAP mode,
APROM base is mapping 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 CONFIG1. The
content of CONFIGL1 is loaded into DFBA at the Flash initiation. The DFBA address to APROM
end address is the Data Flash region for CPU data access, and the address from 0x0000_0200 to
(DFBA-1) is APROM region for CPU instruction access.

Figure 6.4-8 shows the system memory map without IAP mode.

Reserved
Y GXBO_OiF_FF_F Data Flash
Reserved
DFBA
m
¥
[q\V}
3 ApplicationROM
5 (APROM)
©
=
TO0x0000 OFFF| | 7777 Loader ROM
_ _Y_ _0x0000_0000 o (LDROM)
Figure 6.4-8 System Memory Map without IAP Mode
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6.4.4.5 Boot Selection

Typically, the system memory vector is located in ROM space from 0x0000 0000 to
0x0000_01FF. When the CPU exits from reset, it loads the MSP (Main Stack Pointer) from
address 0x0000_0000, and loads the PC counter with the value pointed of the RESET Vector,
which is stored at address 0x0000 _0004. The CPU then starts to fetch code from the address
pointed to by the RESET vector and program execution begins.

The device has the capability of mapping system memory vector into APROM space from
0x0000_0000 to 0x0000_O01FF, or into LDROM space from 0x0010_0000 to 0x0010_O01FF. Thus
provides the flexibly of booting from APROM or from LDROM in IAP mode.

Four booting sources for user to select, including LDROM with IAP, LDROM without IAP, APROM
with IAP and APROM without IAP. Through CBS bits in CONFIGO, the each boot selection
support vector mapping is shown in Table 6.4.4-18E538! $ R E|2HBHIE - .

CBS Boot Selection Vector Mapping Support
(CONFIGO[7:6])

00 LDROM with IAP Yes
01 LDROM without IAP No
10 APROM with IAP Yes
11 APROM without IAP No

Table 6.4.4-1 Vector Mapping Support

6.4.4.6 In-Application-Programming (IAP)

In-Application Programming (IAP) mode allows the user to switch the system memory vector code
executing between APROM and LDROM. User can enable the IAP mode by booting chip and
setting the chip boot selection bits in CBS (CONFIGO[7:6]) as 10 or 00.

When chip boots with IAP mode, any executable code (align to 512 bytes) is allowed to map to
the system memory vector any time without chip reset. User can change the remap address to
FMC_ISPADDR and then trigger ISP procedure with the “Vector Remap” command.

6.4.4.7 In System Programming (ISP)

The FMC controller supports In-System Programming (ISP) function allowing the embedded flash
memory to be reprogrammed under software control. With the embedded user-specific firmware
and the on-chip connectivity interface, such as UART, I°C and SPI, ISP procedures can be
performed to reprogram on-chip Flash memory without removing it from the system.

Table 6.4.4-2 lists all ISP Commands.

The FMC controller supports the following functions for embedded flash memory:
Page erase

Flash data read and write (programming)

Read company ID, Device ID, and the Unique ID

CRC32 checksum calculation

Flash all one verification

Support system memory vector (vector table) remapping for IAP mode
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FMC_ISP FMC_ISPDAT
ISP Command T FMC_ISPADDR
CMD - FMC_MPDATO~FMC_MPDAT3
Valid address of flash memory organization. It must be
Page Erase 0x22 |page (4 Kbytes) alignment. Note that N/A
FMC_ISPADDR[11:0] will be ignored.
Valid address of APROM of the target bank. Note that
Bank Erase 0X23  |EMC_ISPADDRI15:0] will be ignored. N/A
Valid address of APROM. It must be 4 pages (16
Block Erase 0x25 |Kbytes) alignment. Note that FMC_ISPADDR[13:0] will |N/A
be ignored.
FMC_ISPDAT :Programming Data
32-bit Program 0x21 [Valid address of flash memory organization FMC_MPDATO~FMC_MPDAT3 :
N/A
FMC_ISPDAT :N/A
FMC_MPDATO: LSB
Programming Data
64-bit Program 0x61 [Valid address of flash memory organization FMC_MPDAT1: MSB
Programming Data
FMC_MPDAT2~FMC_MPDATS3:
N/A
FMC_ISPDAT :N/A
FMC_MPDATO: 1’st Programming
Data
. T FMC_MPDAT1: 2'nd
Multi-Word Program 0x27 I\_/SIFI;:IOal\gljdress of flash memory organization in APROM, Programming Data
FMC_MPDAT2: 3'rd Programming
Data
FMC_MPDATS3: 4’'th Programming
Data
FMC_ISPDAT: Return Data
FLASH Read 0x00 [Valid address of flash memory organization FMC_MPDATO~FMC_MPDAT3 :
N/A
FMC_ISPDAT: Return Data in
FMC_ISPADDR
FMC_MPDATO: Return Data in
. . o FMC_ISPADDR
64-bit Read 0x40 [|Valid address of flash memory organization .
FMC_MPDAT1: Return Data in
FMC_ISPADDR+4
FMC_MPDAT2~FMC_MPDAT3 :
N/A
FMC_ISPDAT: 0x0000_00DA
Read Company ID 0x0B  |0x0000_0000 FMC_MPDATO~FMC_MPDAT3 :
N/A
FMC_ISPDAT: Return Device ID
Read Device ID 0x0C |0x0000_0000 FMC_MPDATO~FMC_MPDAT3 :
N/A
Eﬁgﬂéﬁﬁ% 0x0D  |0x0000_0000 FMC_ISPDAT: Return Checksum
FMC_MPDATO~FMC_MPDAT3 :
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N/A

Run CRC32 Checksum
Calculation

0x2D

Valid start address of memory organization
It must be 4 Kbytes page alignment

FMC_ISPDAT: Size
It must be 4 Kbytes alignment

FMC_MPDATO~FMC_MPDAT3 :
N/A

Read Flash All One
Result

0x08

Keep address of “Run Flash All One Verification”

FMC_ISPDAT: Return Result
0xA110_0000 : Flash is not all one
OxAllF_FFFF: Flash is all one.

FMC_MPDATO~FMC_MPDAT3 :
N/A

Run Flash All One
Verification

0x28

Valid start address of memory organization
It must be 4 Kbytes page alignment

FMC_ISPDAT: Size
It must be 4 Kbytes alignment

FMC_MPDATO~FMC_MPDATS :
N/A

Read Unique ID

0x04

0x0000_0000

FMC_ISPDAT: Unique ID Word 0

FMC_MPDATO~FMC_MPDATS :
N/A

0x0000_0004

FMC_ISPDAT: Unique ID Word 1

FMC_MPDATO~FMC_MPDATS :
N/A

0x0000_0008

FMC_ISPDAT: Unique ID Word 2

FMC_MPDATO~FMC_MPDATS :
N/A

Vector Remap

Ox2E

Valid address in APROM,LDROM
It must be 512 bytes alignment
This function can only support in IAP mode.

N/A

ISP Procedure

The FMC supports flash memory read, erase and re-programming functions. Some control bits or
ISP registers are write-protected, and require unlock and lock sequence before and after access.
Refer to Register Description section for detailed information.

Table 6.4.4-2 ISP Command List

Figure 6.4-9 illustrates the ISP flow:

Configure FMC_ISPCTL register to decide to which part of flash memory to update: LDROM,
APROM or configuration bytes. Writing 1 to ISPEN (FMC_ISPCTL[0]) enables ISP module.
Configure FMC_ISPCMD (for ISP command) and FMC_ISPDAT (read/write data) registers to
make device ready for a specific ISP operation.
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Start )
v
Enable ISPEN
(Set PT) End of Flash
Write FMC_ISPADDR Operation
Write FMC_ISPCMD
(Write FMC_ISPDAT ) i
¢ (Read FMC_ISPDAT)
&
Set ISPGO = 1 ‘ Check ISPFF =17
,/A\‘\
- _—Endof ISP_NO
B4 ~~_Operation _—
T T~ NO \\\9 ///
~Check ISPGO = 0-—— YESI
~ 5
YES¢ ‘ Stop )

Figure 6.4-9 ISP Procedure Example

Writing 1 to ISPGO bit (FMC_ISPTRG]JO0]) starts the ISP function. The ISPGO (FMC_ISPTRGI[Q])
bit is self-cleared when ISP function finishes.

When the ISPGO (FMC_ISPTRGIOQ]) 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 until ISP operation is finished. When ISP operation is finished, the ISPGO bit will be
cleared by hardware automatically. Software can poll ISPGO bit to determine whether ISP
operation is finished.

ISP operation status is presented in FMC_ISPSTS register. Software can check the status and do
the corresponding error handling if necessary. Particularly, if ISPFF (FMC_ISPSTS[6])=1, it
means ISP is actually not started and error handling is desired.

6.4.4.8 Flash Read and write Operations

The FMC supports 32-bit and 64-bit read operations. Programming wise the FMC supports 32-bit,
64-bit and multi-word flash write operations.

Table 6.4.4-3 below gives a quick reference for the registers involved in each one of the above
operations. Before any read or write operation, the ISPEN bit in FMC_ISPCTRL register needs to
be enabled; and after operation finishes, ISPEN bit needs to be disabled for the purpose of data
security. For more detailed information about these registers, please refer to Register Description

section.
. L 32-Bit 64-Bit Multi-Word
Register Description X . i
Read/Write Read/Write Write
FMC_ISPCTL ISP Control Register v v v
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FMC_ISPADDR ISP Address Register v v v
FMC_ISPDAT ISP Data Register v N/A N/A
Read: 0x00 Read: 0x40
FMC_ISPCMD ISP Command Register 0x27
Write: Ox21 Write: Ox61
FMC_ISPTRG ISP Trigger Register 4 v v
FMC_ISPSTS ISP Status Register v v N/A
FMC_MPDATO ISP DataO Register N/A 4 v
FMC_MPDAT1 ISP Datal Register N/A v v
FMC_MPDAT2 ISP Data2 Register N/A N/A v
FMC_MPDAT3 ISP Data3 Register N/A N/A v
FMC_MPSTA ISP Multi-Program status N/A N/A v
FMC_MPADDR ISP Multi-Program Address N/A N/A v

Table 6.4.4-3 FMC control registers for Flash Read/Write
6.4.4.8.1 Read Operations
The FMC supports two kinds of flash reads: 32-bit read and 64-bit read. Please note for the

purpose of data integrity, the user needs to set ISPEN bit in FMC->ISPCTL register before flash
read/write operation, and clear ISPEN bit after the operation is completed.

32-bit Read

The code snippet below show how to do 32-bit read:
FMC->ISPCMD = FMC_ISPCMD_READ; /I op code for 32-bit read is 0x00
FMC->ISPADDR = u32Addr; /I the flash memory address where read from
FMC->ISPTRG = FMC_ISPTRG_ISPGO_Msk; I set ISPGO bit to start reading

while (FMC->ISPTRG & FMC_ISPTRG_ISPGO_Msk) ; // ISPGO bit ==1 - operation in progress
return FMC->ISPDAT,;

64-bit Read
Code snippet below show how to do 64-bit read:
FMC->ISPCMD = FMC_ISPCMD_READ_64; /I op code for 64-bit read is 0x40

FMC->ISPADDR = u32addr;
FMC->ISPDAT = 0x0;
FMC->ISPTRG = FMC_ISPTRG_ISPGO_Msk; /I set ISPGO bit to start reading

while (FMC->ISPSTS & FMC_ISPSTS_ISPBUSY_Msk) :

*u32data0 = FMC->MPDATO:
*u32datal = FMC->MPDAT1:

6.4.4.8.2 Write Operations

The FMC supports 32-bit, 64-bit and multi-word flash write operations.
32-bit Write
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Figure 6.4-10 illustrates the operation flow of 32-bit write. The user first writes the 32-bit data into
FMC_ISPDAT register and in turn the device will write the data into the flash destination address.

( Start )

-l
-

A
Enable ISPEN

\

Set PT
Write FMC_ISPADDR —»End of Flash Operation
Write FMC_ISPCMD
Write FMC_ISPDAT

v

Set ISPGO =1 Check ISPFF = 1?

\

End of ISP
Operation

Figure 6.4-10 flash 32-bit write procedure

Code snippet for 32_bit flash write:

FMC->ISPCMD = FMC_ISPCMD_PROGRAM;  // op code for 32-bit write is 0x21
FMC->ISPCTL &= ~(7<<8); // SetPT=0

FMC->ISPADDR = u32Addr;

FMC->ISPDAT = u32Data,;

FMC->ISPTRG = FMC_ISPTRG_ISPGO_Msk;

while (FMC->ISPTRG & FMC_ISPTRG_ISPGO_Msk) ;

/I Check ISPFF flag (FMC_ISPCTL[6])

64-bit Write

Figure 6.4-11 illustrates the operation flow of 64-bit flash write. Two data registers are involved:
FMC_MPDATO for LSB word, and FMC_MPDAT1 for MSB word. The ISP command is 0x61.
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|

\
| Enable ISPEN |

v

Set PT
Write FMC_ISPADDR
Write FMC ISPCMD —»End of Flash Operation
Write FMC_MPDATO
Write FMC{MPDATl Y

Set ISPGO =1 Check ISPFF = 1?

End of ISP
Operation

Figure 6.4-11 Flash 64-bit write procedure

Sample code for 64_bit flash write:

FMC->ISPCMD = FMC_ISPCMD_PROGRAM_64; /I op code for 64-bit write is 0x61
FMC->ISPCTL |= (3<<8); /lextend programming pulse

FMC->ISPADDR = u32addr;

FMC->MPDATO = u32data0;

FMC->MPDAT1 = u32datal;

FMC->ISPTRG = FMC_ISPTRG_ISPGO_Msk;

while (FMC->ISPSTS & FMC_ISPSTS_ISPBUSY_MsKk) ;

FMC->ISPCTL &= ~(7<<8);

/I Check ISPFF flag(FMC_ISPCTL[6])

Multi-word Write

The FMC supports Multi-word Write function to speed up flash programming. Each one multi-word
write operation needs to write at least 16 bytes (4 words), and can write up to 512 bytes.

No matter how many bytes are to be written in one multi-word write session, there is only one

flash SETUP time before writing and only one HOLD time after writing, as shown in Figure 6.4-12
below.
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32-bit| SETUP
Programming TIME

HOLD

fix 4 bytes programming TIME

Gabit) SETUP fix 8 bytes programmin HOLD
Programming | TIME ytes prog g TIME

Multi-Word | SETUP . . HOLD
Programming TIME 16 ~ 512 bytes programming (16 bytes align) TIME

\ 4

Time®-

Figure 6.4-12 Timeline comparison for write operations

Within a multi-word programming session, the firmware needs to monitor buffer status,
continuously prepare next batch two bytes of data in time to ensure a successful programming
session. Because fetching code from APROM or LDROM cannot keep up with this pace, multi-
word programing firmware code should run from SRAM.

Cortex-M4 CPU Embedded SRAM

A

| Flash Memory Controller
AHB Slave Interface

v

Flash
Control
Registers

Y

[

[

[

[

[

[

[

[

[

[

[

: Flash
[ Operation Control
[
[
|
|
|
|
|
|
|
|
|
|
|

-

v

Embedded Flash Memory
(APROM)
(LDROM)

(Data Flash)

Figure 6.4-13 Firmware in SRAM for Multi-word Programming

The multi-word programming flow is shown in Figure 6.4-14. The starting ISP address
(FMC_ISPADDR) has to be 16-byte align, FMC_ISPADDR[3:0] should be 0. FMC_MPDATO is
the data word of the offset 0x0, FMC_MPDAT1 is the second word (offset 0x4), FMC_MPDAT?2 is
the third word (offset 0x8), and FMC_MPDATS3 is forth word (offset OxC). If the starting ISP

JUL 30, 2021 Page 202 of 913 Revl.2



NnuvoTonN

ISD94100 Series Technical Reference Manual

0 -

address FMC_ISPADDR [3] is 0, the 1*' data word should put on FMC_MPDATO, and 2™ word is
FMC_MPDAT], 3" word is FMC_MPDAT2, and 4™ word is FMC_MPDATS3. If the starting ISP
address FMC_ISPADDR [3] is 1, the 1* data word should put on FMC_MPDAT2, and 2" word is
FMC_MPDATS, 3" word is FMC_MPDATO, and 4" word is FMC_MPDAT1. The maximum
programming size is 512 bytes and aligns to 512-byte address. While FMC controller performs
multi-word programming operation, CPU needs to monitor the buffer status D3~DO
(FMC_MPSTS[7:4]) and MPBUSY (FMC_MPSTSIO0]) to wait the buffer empty ((D1,D0)=00, or
(D3,D2)=00), and then CPU needs to update the next programming data (FMC_MPDATO,
FMC_MPDAT1, FMC_MPDAT2 and FMC_MPDAT3) in time. Otherwise, FMC controller will exit
multi-word programming operation (MPBUSY (FMC_MPSTSJ[0]) = 0). If CPU cannot update the
data in time (MPBUSY (FMC_MPSTS[0]) =0), CPU needs restart a new multi-word programming
procedure to continue, FMC_MPADDR provides the last program address information. At the end
of operation, CPU has to check ISPFF (FMC_MPSTSJ[2]) to confirm the multi-word operation
successful complete.
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6.4.4.9 Fast Flash Programming Verification

The FMC supports fast flash programming with hardware self-verification feature, in which during
programming the hardware does verification at the same time, so that it saves time for memory
data read back and comparison. That is, when data is programmed to the embedded flash
memory, the controller asserts the flash read operation to read data out, and performs data
comparison. If there is discrepancy found, PGFF (FMC_ISPSTS[5]) flag will be set. The PGFF bit
will be kept until cleared by software or a new erase operation. The FMC flash programing with
self-verification feature is shown in Figure 6.4-15 below.

Traditional Flash
Programming Start

Fast Flash
Programming with self
Verification Start

Erase Flash Erase Flash
Programming Flash Programming

v I — —

Readback Verification B ecilienon

Read Control

y ;

< END > Embedded Flash
| Memory

DIN/DOUT
Verification

\

Program Fail Flag
(PGFF)

Figure 6.4-15 Fast Flash Programming Verification Flow

Compared to traditional programming operation, in which the software has to perform three-step
operations to complete the programming: (1) erase flash, (2) program flash, and (3) flash data
read back and compare; for software only needs to read FMC_ISPSTS to check PGFF flag in
step (3) and does not have to read massive data back and compare.
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Progra;’r‘:“i’r“:‘:ﬂ (1) Flash ERASE (2) Flash PROGRAM (3) Flash READ back to check > o
Verification Flow (Al datas) (Alldatas)
1SD94100 ‘
. - (2) Flash PROGRAM (3) Read PGFF Flag to check |
Fff;:::;i’::::ﬁ (1EshiERASE > (All datas) (FMC_ISPSTS) =END

Figure 6.4-16 Verification Flow

The self-verification feature is available under 32-bit programming and 64-bit programming
modes, but not available in multi-word programming mode (due to the high voltage requirement
for flash programming is not suitable for continuous fast programming).

6.4.4.10 CRC32 Checksum Calculation

The FMC supports the CRC32 checksum calculation function to help user quickly check the
memory content of APROM, LDROM. The CRC32 polynomial is

CRC-32: X¥ + X 4+ XB + X2+ X+ X2+ X+ X0+ X+ X+ X+ X+ X2+ X + 1
With seed = OxFFFF_FFFF

The CRC32 checksum calculation flow is shown in Figure 6.4-17.

Din[.?l:O]
\
Din[31] Din[0]
A A
Bit order reverse
Din[0] Din[31]
A Din[0:31] A
c[31:0] d[31:0]

CRC32 polynomial
O CRC-32: X2+ X 4+ X2 4+ X2 4+ X X2 XM X X+ X+ X+ X+ X2+ X + 1
(seed=0xFFFF_FFFF)

crc32[31:0]

v

cre32(31] cre32[0]

Y Y
‘ Bit order reverse ‘

l crc32[0]
crc_chksum([31]

crc_chksum([31:0]

crc32[31]

¢ crc_chksum([0]

Figure 6.4-17 Flash CRC32 Checksum Calculation

Three steps complete this CRC32 checksum calculation.
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Step 1: perform ISP “Run Memory CRC32 Checksum” operation
Step 2: perform ISP “Read Memory CRC32 Checksum” operation
Step 3: read FMC_ISPDAT to get checksum.

In step 1, user has to set the memory starting address (FMC_ISPADDR) and size (FMC_ISPDAT)
to calculate. Both address and size have to be 4 Kbytes alignment, the size should be = 4 Kbytes
and the starting address includes APROM, LDROM.

In step 2, the FMC_ISPADDR should be kept as the same as step 1.

In step 3, the checksum is read from FMC_ISPDAT. If the checksum is 0x0000_0000, there is
one of two conditions (1) Checksum calculation is in-progress, (2) Address and size is over device
limitation

6.4.4.11 Flash All One Verification

The FMC supports the flash all one verification function which checks if a memory block are all
OxFF after a APROM or LDROM flash erase operation.

Two or Three steps complete this flash all one verification.

Two-step flow

Step 1: perform ISP “Run Flash All One Verification” operation

Step 2: read ALLONE(FMC_ISPSTA[7])bit to get the verification result
ALLONE : 1, all of flash bits are 1 in verification block memory.

ALLONE : 0, flash bits are not all 1 in verification block memory.

Three-step flow

Step 1: perform ISP “Run Flash All One Verification” operation

Step 2: perform ISP “Read Flash All One Result” operation

Step 3: read FMC_ISPDAT to get the verification result.
FMC_ISPDATA : 0xA11F_FFFF, all of flash bits are 1 in verification block memory.
FMC_ISPDATA : 0xA110_0000, flash bits are not all 1 in verification block memory

Before the All-One checking, write the starting address into FMC_ISPADDR register and write the
memory size into FMC_ISPDAT register. Both address and size need be in 4 KB alignment. The
size should be = 4 KB. The starting address can point to APROM or LDROM space.

Sample code for all one checking:

FMC->ISPSTS = 0x80; // clear check all one bit
FMC->ISPCMD = FMC_ISPCMD_RUN_ALL1;
FMC->ISPADDR = u32addr;

FMC->ISPDAT = u32count;
FMC->ISPTRG = FMC_ISPTRG_ISPGO_Msk;

while (FMC->ISPSTS & FMC_ISPSTS_ISPBUSY_Msk) ;
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6.4.4.12 Flash Access Cycle Auto-Tuning

The FMC supports the flash access cycle auto-tuning function. User don’t need to set the flash
access cycle by manual while system clock (HCLK) is changed, hardware will monitor the HCLK
frequency and generate a optimized cycle number for flash controller to get the best performance.

Any updated registers of HCLK source and divder, are the auto-tuning trigger events, include
HCLKSEL(CLK_CLKSELO), CLK_PLLCTL, and HCLKDIV(CLK_CLKDIVO). When detecting a
event, FMC will set the max number (i.e., 8) temporarily to CYCLE (FMC_CYCCTL[3:0]) register
to save flash access without influence by clock changed. HIRC clock is necessary for auto-tuning
to generate a exact period for HCLK counting. The HCLK detected frequency and optimized
CYCLE number is showed in Table 6.4.4-4.

HCLK Clock Frequency Optimized CYCLE Number

0 MHz ~27 MHz 1

27 MHz~51 MHz 2

51 MHz~78 MHz 3

78 MHz~105 MHz 4
105 MHz~132 MHz 5
132 MHz~159 MHz 6
159 MHz~189 MHz 7
>189 MHz 8

Table 6.4.4-4 Flash Access Optimized Cycle under auto-tuning function

The flash access cycle auto-tuning flow is showed in Figure 6.4-18.
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Figure 6.4-18 Flash access cycle auto-tuning flow

6.4.4.13 Cache Memory Controller

A 4KB 2-way set-associative, unified (instruction and data) cache with a 128-bit line size is
implemented between the CPU and embedded flash memory. The cache memory controller is
enabled by default, typically reducing power consumption by reducing the number of flash
accesses and improving CPU performance when using wait-states (i.e. CPU running at
frequencies above 27 MHz).

The cache memory controller caches address range is 0 - Ox7_FFFF (Max. 512 KB), which
means cache supports CPU running on APROM.
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If a flash memory program involves some data in the cache, the corresponding cache line is
automatically invalidated. When performing an erase operation or any type of reset operation, all
cache lines are automatically invalidated.

6.4.4.14 Lock Effect Tables

The FMC supports four kinds of protections include the Security Lock Control (i.e., LOCK in
CONFIGO[1] and LOCK2 in CONFIGO[2]). In this section, lock effect tables for user to understand
the lock effects on APROM, LDROM and CONFIG with above two protections for CPU, SWD/ICE
and ICP/Writer. Table 6.4.4-5 are the lock effect table for CPU, SWD/ICE and ICP/Writer

LOCK2, LOCK (CONFIGO[2:1])

11 10 01 00

CPU, via user code present in
APROM/LDROM, can
erase/program/read flash memory via YES YES YES YES
ISP registers, can modify registers and
SRAM

Accept ICP mass erase command YES YES YES YES

SWD/ICE can use page

erase/program/read flash memory by ICP YES NO YES NO

SWD/ICE can use page
erase/program/read flash memory via ISP YES NO NO NO
registers, can modify registers and SRAM

CortexM4 ICE can set breakpoints, read

registers YES YES NO NO

Table 6.4.4-5 The lock effect table with two protections
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Configuration

Bytes Offset R/W |Description Reset Value
Configuration Bytes Base Address:

FMC_CONFIG_BASE = 0x0030_0000

CONFIGO FMC_CONFIG_BA+0x00 |R/W |Configuration byte 0x00 ~ 0x03 Flash, no change
CONFIG1 FMC_CONFIG_BA+0x04 |R/W |Configuration byte 0x04 ~ Ox07 Flash, no change
CONFIG2 FMC_CONFIG_BA+0x08 |R/W [Configuration byte 0x08 ~ 0x0B Flash, no change
Note:

1. Any configuration bit not listed here is reserved and must be kept at 1.

2. The reserved field that listed in configuration bytes must be kept at 1 except CONFIG1. Programming reserved field with O
may produce undefined results.

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

FMC_BA = 0x4000_C000

FMC_ISPCTL FMC_BA+0x00 R/W |ISP Control Register 0x0000_0000
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+0x0C R/W |[ISP Command Register 0x0000_0000
FMC_ISPTRG FMC_BA+0x10 R/W |ISP Trigger Register 0x0000_0000
FMC_DFBA FMC_BA+0x14 R Data Flash Base Address OXXXXX_XXXX
FMC_ISPSTS FMC_BA+0x40 R ISP Status Register 0x0000_000X
FMC_CYCCTL FMC_BA+0x4C R/W |Flash Access Cycle Control Register 0x0001_0000
FMC_MPDATO FMC_BA+0x80 R/W |ISP Multi-Word Program Data0O Register 0x0000_0000
FMC_MPDAT1 FMC_BA+0x84 R/W |ISP Multi-Word Program Datal Register 0x0000_0000
FMC_MPDAT2 FMC_BA+0x88 R/W |ISP Multi-Word Program Data2 Register 0x0000_0000
FMC_MPDAT3 FMC_BA+0x8C R/W |ISP Multi-Word Program Data3 Register 0x0000_0000
FMC_MPSTS FMC_BA+0xCO0 R ISP Multi-Word Program Status Register 0x0000_0000
FMC_MPADDR FMC_BA+0xC4 R ISP Multi-Word Program Address Status Register 0x0000_0000
Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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6.4.6 Register Description
CONFIGO (Address = 0x0030 0000)

31 30 29 28 27 26 25 24
CWDTENI2] Reserved CFGXT1 CFOSC Reserved

23 22 | 21 20 19 18 17 | 16

CBOV CBORST CBODEN Reserved

15 | 14 | 13 12 1 10 9 | 8
Reserved GPA8_LOW CIOINI Reserved

7 | 6 5 4 3 2 1 0

CBS Reserved CWDTE[1:0] LOCK2 LOCK DFEN
Bits Descriptions

Watchdog Timer Hardware Enable Bit

When watchdog timer hardware enable function is enabled, the watchdog enable bit
WDTEN (WDT_CTL[7]) and watchdog reset enable bit RSTEN (WDT_CTL[1]) is set to 1
automatically after power on. The clock source of watchdog timer is forced to LIRC and
[31] CWDTEN][2] LIRC can’t be disabled.

CWDTEN][2:0] is CONFIGO0[31][4][3],
111 = WDT hardware enable function is inactive.
Others = WDT hardware enable function is active. WDT clock is always on.

[30:28] Reserved Reserved bit should always be programmed with 1.

XTAL Multi-Function Select
0 = HXT works as external clock mode. PB.6 is configured as external clock input pin.

1 = HXT works as crystal mode. PB.5 and PB.6 are configured as external high speed
crystal (HXT) pins.

Note 1:

[27] CFGXT1 When this field is programmed to 0, the following registers must be set

PB6MFP (SYS_GPB_MFPL[27:24]) = 0 (Set PB.6 to GPIO function)
MODEG6(PB_MODE[13:12]) = 0 (PB.6 is in input mode)

HXTSELTYP (CLK_PWRCTL[12]) = 1 (Select HXT crystal type as GM type)

Note 2:

When this field is programmed to 0, the DC characteristic of PB.6 is the same as GPIO.

CPU Clock Source Selection After Reset

The value of CFOSC will be loaded to HCLK (CLK_CLKSELO[2:0]) in system clock

controller after any reset occurs. HCLK[2:0] = 111 if CFOSC = 1, HCLK[2:0] = 000 if
[26] CFOSC CFGSC=0.

0 = External high speed crystal oscillator (HXT)
1 = Internal high speed RC oscillator (HIRC)

[25:24] Reserved Reserved bit should always be programmed with 1.
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Brown-Out Voltage Selection

000 = Brown-out voltage is 1.6V.
001 = Brown-out voltage is 1.8V.
010 = Brown-out voltage is 2.0V.
[23:21] CBOV 011 = Brown-out voltage is 2.2V.
100 = Brown-out voltage is 2.4V.
101 = Brown-out voltage is 2.6V.
110 = Brown-out voltage is 2.8V.
111 = Brown-out voltage is 3.0V.

Brown-Out Reset Enable Bit
[20] CBORST 0 = Brown-out reset Enabled after power on.
1 = Brown-out reset Disabled after power on.

Brown-Out Detector Enable Bit
[19] CBODEN 0 = Brown-out detect Enabled after powered on.
1 = Brown-out detect Disabled after power on.

[18:12] Reserved Reserved bit should always be programmed with 1.

Initial State of GPA8 Selection
[11] GPA8_LOW 0 = GPAB8 is low after chip power on or reset.
1 = GPAS8 follows CIOINI.

I/O Initial State Selection
[10] CIOINI 0 = All GPIO set as Quasi-bidirectional mode after chip power on.
1 = All GPIO set as input tri-state mode after power on.

[9:8] Reserved Reserved bit should always be programmed with 1.

Chip Booting Selection

When CBSJ[0] = 0, the LDROM base address is mapping to 0x100000 and APROM base
address is mapping to 0x0. User could access both APROM and LDROM without boot
switching. In other words, if IAP mode is supported, the code in LDROM and APROM can
be called by each other.

00 = Boot from LDROM with IAP mode.

[7:6] CBS 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] Reserved Reserved bit should always be programmed with 1.

Watchdog Timer Hardware Enable Bit

When watchdog timer hardware enable function is enabled, the watchdog enable bit
WDTEN (WDT_CTL[7]) and watchdog reset enable bit RSTEN (WDT_CTL[1]) is set to 1
automatically after power on. The clock source of watchdog timer is force at LIRC and
[4:3] CWDTEN LIRC can’t be disable.

CWDTEN][2:0] is CONFIGO0[31][4][3],
111 = WDT hardware enable function is inactive.
Others = WDT hardware enable function is active. WDT clock is always on.

Security Lock Control 2
[2] LOCK2 0 = ICE interface is disabled.
1 = ICE operation not restricted except by LOCK (CONFIGO[1]) bit.
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Security Lock Control
0 = Flash memory content is locked.

1 = Flash memory content is not locked. When flash data is locked by LOCK, the only
operation permissible on flash memory is mass erase ensuring that APROM cannot be
read or configuration changed before APROM erased. LOCK will disable: Read from
FLASH, Program FLASH, Page ERASE flash (APROM or CONFIG), write SRAM, access
to DMA registers.

[ LOCK

Data Flash Enable Bit

The Data Flash is shared with APROM, and the base address of Data Flash is decided by
[0] DFEN DFBA (CONFIG1[19:0]) when DFEN is 0.

0 = Data Flash Enabled.
1 = Data Flash Disabled.

Note: The bits of configure should be 1 if reserved.
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CONFIG1 (Address = 0x0030 0004)

31 30 29 28 27 26 25 24
Reserved
3 | 2 | a | 1w | 18 | | .
Reserved DFBA
15 | 14 | 13 | 12 11 | 10 | 9 | 8
DFBA
7 | e | s | a4 3| 2 | 1 | o
DFBA
Bits Descriptions
[31:20] Reserved Reserved bit should always be programmed with 0.
Data Flash Base Address
[19:0] DFBA This register works only when DFEN (CQNFIGO[O])set t(_) 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 4
Kbytes, it is mandatory to keep bit 11-0 as 0.

Note: The bits of configure should be 0 if reserved.
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CONFIG2 (Address = 0x0030 0008)

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ALOCK
7 6 5 4 B 2 1 0
ALOCK
Bits Descriptions
[31:16] Reserved Reserved bit should always be programmed with 1.
Advance Security Lock Control
Must be set to 0X5A5A for access to flash memory content. Any other value, flash memory
is locked. To unlock system a whole chip erase must be performed by ICP tool. Or user
[15:0] ALOCK code can perform ISP commands to set ALOCK to OX5A5A. Purpose of ALOCK is to
ensure configuration is fully read from flash memory before ICE/ICP functions are enabled.
ALOCK provides multiple protection bits to protect against over/under voltage attack or UV
attack.

Note: The bits of configure should be 1 if reserved.
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ISP Control Register (FMC ISPCTL)

Register Offset R/W [Description Reset Value
FMC_ISPCTL FMC_BA+0x00 R/W |ISP Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 10 | 9 | 8
Reserved PT
7 6 5 4 3 2 1 0
Reserved ISPFF LDUEN CFGUEN APUEN Reserved BS ISPEN
Bits Description
[31:11] Reserved Reserved. Any values read should be ignored. When writing to this field always write with

reset value.

ISP Flash Program Time (Write Protected)
[10:8] PT Leave at 000 for FLASH 32-bit program and FLASH multi-word program.
Leave at 011 for FLASH 64-bit program.

Reserved. Any values read should be ignored. When writing to this field always write with

[7] Reserved
reset value.

ISP Fail Flag (Write Protected)

This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself if APUEN is set to 0.

[6] ISPFF (2) LDROM writes to itself if LDUEN is set to 0.

(3) CONFIG is erased/programmed if CFGUEN is set to 0.

(4) Destination address is illegal, such as over an available range.

Note: This bit needs to be cleared by writing 1 to it.

LDROM Update Enable Bit (Write Protected)
LDROM update enable bit.

0 = LDROM cannot be updated.

1 = LDROM can be updated.

5] LDUEN

Config-Bits Update By ISP Enable Bit(Write Protected)
[4] CFGUEN 0 = ISP Disabled to update config-bits.
1 = ISP Enabled to update config-bits.

APROM Update Enable Bit (Write Protected)
[3] APUEN 0 = APROM cannot be updated when the chip runs in APROM.
1 = APROM can be updated when the chip runs in APROM.

Reserved. Any values read should be ignored. When writing to this field always write with

[2] Reserved
reset value.

JUL 30, 2021 Page 217 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

0 -

Boot Select (Write Protected)

Set/clear this bit to select next booting from LDROM/APROM, respectively. This bit also
functions as chip booting status flag, which can be used to check where chip booted from.
[1 BS This bit is initiated with the inversed value of CBS in CONFIGO after any reset is
happened except CPU reset (RSTS_CPU is 1) or system reset (RSTS_SYS) is happened

0 = Boot from APROM.
1 = Boot from LDROM.

ISP Enable Bit (Write Protected)

ISP function enable bit. Set this bit to enable ISP function.
0 = ISP function Disabled.

1 = ISP function Enabled.

[0] ISPEN
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ISP Address (FMC ISPADDR)

Register Offset R/W |Description Reset Value
FMC_ISPADDR FMC_BA+0x04 R/W |ISP Address Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPADDR
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPADDR
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
ISPADDR
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPADDR
Bits Description
ISP Address
The 1SD94100 series is equipped with an embedded . ISPADDR[1:0] must be kept 00 for
ISP 32-bit operation. ISPADDR[2:0] must be kept 000 for ISP 64-bit operation.
ISPADDR][3:0] must be kept 0000 for ISP multi-word operation.
[31:0] ISPADDR For CRC32 Checksum Calculation command, this field is the flash starting address for
checksum calculation, 4 Kbytes alignment is necessary for CRC32 checksum calculation.
For FLASH 32-bit Program, ISP address needs word alignment (4-byte). For FLASH 64-
bit Program, ISP address needs double word alignment (8-byte). For FLASH multi-word
Program, ISP address needs four word alignment (16-byte).

JUL 30, 2021 Page 219 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

ISP Data Register (FMC ISPDAT)

Register Offset R/W |Description Reset Value
FMC_ISPDAT FMC_BA+0x08 R/W |ISP Data Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPDAT
s | 1 | 1B | w2 | u | 10 | 9 | 8
ISPDAT
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPDAT
Bits Description
ISP Data
Write data to this register before ISP program operation.
Read data from this register after ISP read operation.
[31:0] ISPDAT When ISPFF (FMC_ISPCTL[6]) is 1, ISPDAT = Oxffff_ffff. For Run CRC32 Checksum
Calculation command, ISPDAT is the memory size (byte) and 4 Kbytes alignment. For ISP
Read CRC32 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.
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ISP Command Register (FMC ISPCMD)

Register Offset R/W |Description Reset Value
FMC_ISPCMD FMC_BA+0x0C R/W |ISP Command Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved CMD
Bits Description
[31:7] Reserved Saehsjt;rved. Any values read should be ignored. When writing to this field always write with reset
ISP Command

ISP command table is shown below:

0x00= FLASH Read.

0x04= Read Unique ID.

0x08= Read Flash All-One Result.

0x0B= Read Company ID.

0x0C= Read Device ID.

0x0D= Read Checksum.

0x21= FLASH 32-bit Program.

[6:0] CMD 0x22= FLASH Page Erase. Erase page

0x23= FLASH Bank Erase. Erase all pages of APROM.
0x25= FLASH Block Erase. Erase four pages alignment of APROM.
0x27= FLASH Multi-Word Program.

0x28= Run Flash All-One Verification.

0x2D= Run Checksum Calculation.

Ox2E= Vector Remap.

0x40= FLASH 64-bit Read.

0x61= FLASH 64-bit Program.

The other commands are invalid.
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ISP Trigger Control Register (FMC ISPTRG)

Register Offset R/W |Description Reset Value
FMC_ISPTRG FMC_BA+0x10 R/W |ISP Trigger Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
s | 1 | 1B | w2 | u | 10 | 9 | 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 0
Reserved ISPGO
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
ISP Start Trigger (Write Protected)
Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation is finished.
[0] ISPGO 0 = ISP operation is finished.
1 = ISP is progressed.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Data Flash Base Address Register (FMC DFBA)

Register Offset R/W |Description Reset Value
FMC_DFBA FMC_BA+0x14 R |Data Flash Base Address OXXXXX_XXXX
31 30 29 28 27 26 25 24
DFBA
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
DFBA
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
DFBA
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DFBA
Bits Description
Data Flash Base Address
This register indicates Data Flash start address. It is a read only register.
[31:0] DFBA The Data Flash is shared with APROM. the content of this register is loaded from
CONFIG1
This register is valid when DFEN (CONFIGO[0]) =0 .
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ISP Status Register (FMC ISPSTS)

Register Offset R/W |Description Reset Value
FMC_ISPSTS FMC_BA+0x40 R |ISP Status Register 0x0000_000X
31 30 29 28 27 26 25 24
Reserved
23 22 | 21 | 20 | 19 | 18 | 17 16
VECMAP
15 14 | 13 | 12 | 11 | 10 | 9 8
VECMAP Reserved
7 6 5 4 3 2 | 1 0
ALLONE ISPFF PGFF FCYCDIS Reserved CBS ISPBUSY
Bits Description
[31:24] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Vector Page Mapping Address (Read Only)
: e current flash address space Ox | ~Ox| | is mapping to address
[23:9] VECMAP Th flash add 0x0000_0000~0x0000_01FF i i dd
{VECMAP[14:0], 9°’h000} ~ {VECMAP[14:0], 9'h1FF}
(8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Flash All-one Verification Flag
This bit is set by hardware if all of flash bits are 1, and clear if flash bits are not all 1 after
[71 ALLONE “Run Flash All-One Verification” complete; this bit also can be clear by writing 1
0 = All of flash bits are 1 after “Run Flash All-One Verification” complete.
1 = Flash bits are not all 1 after “Run Flash All-One Verification” complete.
ISP Fail Flag (Read Only)
This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself if APUEN is set to 0.
[6] ISPFF ) o :
(2) LDROM writes to itself if LDUEN is set to 0.
(3) CONFIG is erased/programmed if CFGUEN is set to 0.
(4) Destination address is illegal, such as over an available range.
Flash Program with Fast Verification Flag (Read Only)
This bit is set if data is mismatched at ISP programming verification. This bit is cleared by
[5] PGEE performing ISP flash erase or ISP read CID operation
0 = Flash Program is success.
1 = Flash Program has failed. Program data is different with data in the flash memory
Flash Access Cycle Auto-tuning Disabled Flag (Read Only)
This bit is set if flash access cycle auto-tunning function is disabled. The auto-tunning
[4] FCYCDIS function is disabled by FADIS(FMC_CYCCTLI8]) or HIRC clock is not ready.
0 = Flash access cycle auto-tuning is Enabled.
1 = Flash access cyle auto-tuning is Disabled.
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Reserved. Any values read should be ignored. When writing to this field always write with

(3] Reserved reset value.

Chip Boot Selection Mode (Read Only)

This CBS field is just a copy of flash controller user configuration register CBS (CONFIGO
[7:6]).

Note: The reset value of FMC_ISPSTS[3:0] is 1xx0b.

[2:1] CBS

ISP Busy Flag (Read Only)

0 = ISP operation is finished.

1 =ISP is progressed.

Note: The reset value of FMC_ISPSTS[3:0] is 1xx0b.

[0] ISPBUSY
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Flash Access Cyce Control Register (FMC CYCCTL)

Register Offset R/W |Description Reset Value
FMC_CYCCTL FMC_BA+0x4C R/W |Flash Access Cycle Control Register 0x0001_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved FADIS
7 6 5 4 3 2 1 0
Reserved CYCLE
Bits Description
[31:9] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Flash Access Cycle Auto-tuning Disabled Control (Write Protect)
Set this bit to disable flash access cycle auto-tuning function
[8] FADIS 0 = Flash access cycle auto-tuning is enabled.
1 = Flash access cycle auto-tuning is disabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
(7:3] Reserved I;(:Z?r\\l/;g.eAny values read should be ignored. When writing to this field always write with
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Flash Access Cycle Control (Write Protect)

This register is updated automaticly by hardware while FCYCDIS (FMC_ISPSTS[4]) is O,

and updated by software while auto-tuning function disabled ( FADIS (FMC_CYCCTL[8])

is 1)

0000 = CPU access with zero wait cycle ; flash access cycle is 1;.
The HCLK working frequency range is <27 MHz; Cache is disabled by hardware.

0001 = CPU access with one wait cycle if cache miss; flash access cylcle is 1;.
The HCLK working frequency range range is<27 MHz

0010 = CPU access wtih two wait cycles if cahce miss; flash access cycle is 2;.
The optimized HCLK working frequency range is 27~54 MHz

0011 = CPU access with three wait cycles if cache miss; flash access cylcle is 3;.

[3:0] CYCLE The optimized HCLK working frequency range is 54~81 MHz

0100 = CPU access with four wait cycles if cahce miss; flash access cycle is 4;.
The optimized HCLK working frequency range is81~108 MHz

0101 = CPU access with five wait cycles if cache miss; flash access cylcle is 5;.
The optimized HCLK working frequency range is 108~135 MHz

0110 = CPU access with six wait cycles if cahce miss; flash access cycle is 6;.
The optimized HCLK working frequency range is 135~162 MHz

0111 = CPU access with seven wait cycles if cahce miss; flash access cycle is 7;.
The optimized HCLK working frequency range is 162~192 MHz

1000 = CPU access with eight wait cycles if cache miss; flash access cyicle is 8;.
The optimized HCLK working frequency range is >192 MHz

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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ISP Data 0 Register (FMC MPDATO)

Register Offset R/W |Description Reset Value
FMC_MPDATO FMC_BA+0x80 R/W |ISP Multi-Word Program Data0O Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDATO
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPDATO
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
ISPDATO
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPDATO
Bits Description
ISP Data 0
[31:0] ISPDATO This register is the first 32-bit data for 32-bit/64-bit/multi-word programming, and it is also
the mirror of FMC_ISPDAT, both registers keep the same data.
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ISP Data 1 Register (FMC MPDAT1)

Register Offset R/W |Description Reset Value
FMC_MPDAT1 FMC_BA+0x84 R/W |ISP Multi-Word Program Datal Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT1
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPDAT1
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
ISPDAT1
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPDAT1
Bits Description
ISP Data 1
[31:0] ISPDAT1 _ o ) ) _ _
This register is the second 32-bit data for 64-bit/multi-word programming.

JUL 30, 2021 Page 229 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

ISP Data 2 Register (FMC MPDAT2)

Register Offset R/W |Description Reset Value
FMC_MPDAT2 FMC_BA+0x88 R/W |ISP Multi-Word Program Data2 Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT2
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPDAT2
s | w1 | 1 | w2 | un | 10 | 9 | 8
ISPDAT2
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPDAT2
Bits Description
ISP Data 2
[31:0] ISPDAT2 ] S ) ] ) )
This register is the third 32-bit data for multi-word programming.

JUL 30, 2021 Page 230 of 913 Revl.2



nuvoTon ISD94100 Series Technical Reference Manual

ISP Data 3 Register (FMC MPDAT3)

Register Offset R/W |Description Reset Value
FMC_MPDAT3 FMC_BA+0x8C R/W |ISP Multi-Word Program Data3 Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT3
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ISPDAT3
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
ISPDAT3
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ISPDAT3
Bits Description
ISP Data 3
[31:0] ISPDAT3 ] S ] ] ]
This register is the fourth 32-bit data for multi-word programming.
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ISP Multi-Program Status Register (FMC MPSTS)

Register Offset R/W |Description Reset Value
FMC_MPSTS FMC_BA+0xCO R  |ISP Multi-Word Program Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 5 4 3 2 1 0
D3 D2 D1 DO Reserved ISPFF PPGO MPBUSY
Bits Description
[31:8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
ISP DATA 3 Flag (Read Only)
This bit is set when FMC_MPDATS3 is written and auto-clear to 0 when the FMC_MPDATS3
7 D3 data is programmed to flash complete.

0 = FMC_MPDAT3 register is empty, or program to flash complete.
1 = FMC_MPDAT3 register has been written, and not program to flash complete.

ISP DATA 2 Flag (Read Only)

This bit is set when FMC_MPDAT2 is written and auto-clear to 0 when the FMC_MPDAT2
[6] D2 data is programmed to flash complete.

0 = FMC_MPDAT?2 register is empty, or program to flash complete.
1 = FMC_MPDAT?2 register has been written, and not program to flash complete.

ISP DATA 1 Flag (Read Only)

This bit is set when FMC_MPDAT1 is written and auto-clear to 0 when the FMC_MPDAT1
[5] D1 data is programmed to flash complete.

0 = FMC_MPDATL1 register is empty, or program to flash complete.
1 = FMC_MPDAT1 register has been written, and not program to flash complete.

ISP DATA 0 Flag (Read Only)

This bit is set when FMC_MPDATO is written and auto-clear to 0 when the FMC_MPDATO
[4] DO data is programmed to flash complete.

0 = FMC_MPDATO register is empty, or program to flash complete.
1 = FMC_MPDATO register has been written, and not program to flash complete.

Reserved. Any values read should be ignored. When writing to this field always write with

[3] Reserved
reset value.
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ISP Fail Flag (Read Only)

This bit is the mirror of ISPFF (FMC_ISPCTLI6]), it needs to be cleared by writing 1 to
FMC_ISPCTL[6] or FMC_ISPSTS[6]. This bit is set by hardware when a triggered ISP
meets any of the following conditions:

(1) APROM wrrites to itself if APUEN is set to 0.

(2) LDROM writes to itself if LDUEN is set to 0.

(3) CONFIG is erased/programmed if CFGUEN is set to 0.

(4) Page Erase command at LOCK mode with ICE connection

2] ISPFF

(5) Erase or Program command at brown-out detected
(6) Destination address is illegal, such as over an available range.
(7) Invalid ISP commands

ISP Multi-program Status (Read Only)
1] PPGO 0 = ISP multi-word program operation is not active.
1 = ISP multi-word program operation is in progress.

ISP Multi-word Program Busy Flag (Read Only)

Write 1 to start ISP Multi-Word program operation and this bit will be cleared to 0 by
hardware automatically when ISP Multi-Word program operation is finished.

This bit is the mirror of ISPGO(FMC_ISPTRGIO]).
0 = ISP Multi-Word program operation is finished.

[0] MPBUSY

1 = ISP Multi-Word program operation is progressed.
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ISP Multi-Word Program Address Register (FMC MPADDR)

Register Offset R/W |Description Reset Value
FMC_MPADDR FMC_BA+0xC4 R  |ISP Multi-Word Program Address Status Register 0x0000_0000
31 30 29 28 27 26 25 24
MPADDR
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
MPADDR
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
MPADDR
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
MPADDR
Bits Description
ISP Multi-word Program Address
[31:0] MPADDR MPADDR is the address of ISP multi-word program operation when ISPGO flag is 1.
MPADDR will keep the final ISP address when ISP multi-word program is complete.
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6.5 General Purpose I/0O (GPIO)

6.5.1 Overview

The ISD94100 series device has up to 58 General Purpose 1/0 (GPIO) pins, grouped in 4 ports
PA, PB, PC and PD. Port PA, PC and PD each has 16 pins, and there are 13 pins in Port PB.

All the GPIO pins are multi-functional pins, in that they can be I/O pins or they can work as
alternate function pins. Each pin can be individually configured. Pin function are defined in MFP
registers, for example PAO~7 pin functions are defined in SYS_GPA_MFPL register.

When working as an 1/O pin, each pin can be configured by software in several modes:

[ ) Input

®  Push-pull Output

®  Open-Drain Output
®  Quasi-bidirectional

After a power-on or reset event, all GPIO pins’ default working mode are determined by CIOINI bit
(CONFIGO[10]) except PA.8. PA.8 pin default /O mode is determined by GPA8 LOW bit
(CONFIGO[11]). Every I/O pin has a weak pull-up resistor with value ~50 kQ when /O pin
configured as quasi-bidirectional output low.

PBO ~ PB4, PB7 ~ PB9, PB13 ~ PB15, PC2 ~ PC15 and PDO ~ PD15 support 5V-tolerance
functions and all GPIOs do not support 5V-tolerence in DPD mode.
6.5.2 Features
®  Four I/O modes:
B Quasi-bidirectional mode
B Push-Pull Output mode
B Open-Drain Output mode
®  Input only with high impendence mode
TTL/Schmitt trigger input capability
I/0 pin can be configured as interrupt source with edge/level trigger option
Supports High Drive and High Slew Rate I/O mode

CIOINI bit (CONFIGO[10]) configures all GPIO pins’ default I/O mode except PA.8 after
power-on or reset:

B CIOINI = 0: Quasi-bidirectional mode,
B CIOINI = 1: input mode.
® GPA8 LOW (CONFIG[11]) configures PA.8 pin’s default I/O mode after power-on or reset:
B GPA8_LOW = 0: Push-Pull mode and output low,
B GPA8_LOW = 1: PA.8 follows CIOINI setting.

® |/O pin internal pull-up only available in Quasi-bidirectional /O mode
® Enabling the pin interrupt function will also enable the wake-up function
®  Supports 5V tolerance function on subset of GPIO except analog I/0
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6.5.3 Block Diagram

Control Registers

PA[15:0
< >§§<—[L
>0 PB[15:13/9:0
PA[15:0]
Control Register < >0 PC[15:0
PB[15:13/9:0] > PD[15:0]

Control Register

PC[15:0]
Control Register

AHB Bus
A

PD[15:0]
Control Register

YYVY
Interrupt,
De-bounce Control Register > Wake-up Event

Detector

\4

_GPIO_INT

Figure 6.5-1 GPIO Controller Block Diagram

6.5.4 Basic Configuration
® Reset configuration
- Writing 1 to GPIORST bit (SYS_IPRST1[1]) resets GPIO controller

® Pin configuration

Group Pin Name GPIO MFP

PA.13 MFP2
INTO INTO

PA.15 MFP1

PC.5 MFP1
INT1 INT1

PD.7 MFP2

PC.6 MFP1
INT2 INT2

PD.11 MFP2

PD.O MFP1
INT3 INT3

PD.12 MFP2
INT4 INT4 PD.1 MFP1
INT5 INT5 PD.10 MFP1
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6.5.5 Functional Description
6.5.5.1 Input Mode

Writing 0b00 into MODEN bits (Px_MODE[2n+1:2n]) puts the corresponding Px.n pin in Input
mode, and the pin will be in tri-state (high impedance). The input pin’s status is reflected in PX
PIN[n] bit. For example if PA.O is an input pin, the input level can be read by reading PA_PIN
register, and PA_PIN[O] has the input value for PA.O pin.

6.5.5.2  Push-pull Output Mode

Writing Ob01 into MODER bits (Px_MODE[2n+1:2n]) puts the corresponding Px.n pin in in Push-
pull Output mode, and the pin supports digital output function with source/sink current capability.
As shown in Figure 6.5-2, the bit value in the corresponding DOUT (Px_DOUT][n]) is driven on the

pin.
VDD
L
O—O—% Port Pin

Port Latch Data | I IEL

Input Data = } }—

Figure 6.5-2 Push-Pull Output

6.5.5.3 Open-drain Mode

Writing 0b10 to MODEN bits (Px_MODE[2n+1:2n]) configures the corresponding Px.n pin as
Open-drain mode /O pin. External pull-up register is required to drive high state. If DOUT
(Px_DOUTIN]) bit is 0, the pin drives low. If DOUT (Px_DOUT[n]) bit is 1, the pin drives high
assuming there is external pull high.

Open-drain Mode 1/O function is shown in Figure 6.5-3.

Port Latch Data | |

Input Data -= } }—
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Figure 6.5-3 Open-Drain Output

6.5.5.4  Quasi-bidirectional Mode

Writing Ob11 to MODER bits (Px_MODE[2n+1:2n]) configures the corresponding Px.n pin as Quasi-
bidirectional mode 1/O pin. Under this mode, the I/O pin supports digital output and input function at
the same time however the max source current is only less than 100uA.

For input operation, before the read operation is performed the DOUT (Px_DOUT][n]) bit must be set to
1. For output operation, if DOUT (Px_DOUTI[n]) bit is 0, the pin outputs low to the pin. If DOUT
(Px_DOUTInN)]) bit is 1, the device will drives high and also check the pin value. If pin value is high,
there will be no action taken. If pin state is low, then the device will drive strong high for 2 clock cycles
and then disable the strong output drive. Meanwhile, the pin status is controlled by internal pull-up
resistor. Note that the source current capability in quasi-bidirectional mode is only 30~65 pA.

Figure 6.5-4 shows the Quasi-bidirectional Mode I/O pin architecture.

VDD

2CPU P [ stron Very
Clock Delay gﬁ Weak

. L & Port Pin

N |
Port Latch Data —‘> * * | IEL

Input Data - <

Figure 6.5-4 Quasi-Bidirectional /0O Mode

6.5.5.5 GPIO Interrupt and Wake-up Function

Each GPIO pin can be configured to generate interrupt by configuring its RHIEN
(Px_INTEN[n+16])/ FLIEN (Px_INTENIn]) bit and TYPE (Px_INTTYPE[n]). There are five types of
interrupt condition can be selected: low level trigger, high level trigger, falling edge trigger, rising
edge trigger and both rising and falling edge trigger.

The GPIO pins can also be the chip wake-up source from Idle/Power-down state. The
configuration of wake-up trigger condition is the same as GPIO interrupt configuration.

6.5.5.6 GPIO De-bounce Function

GPIO de-bounce function can be used to sample interrupt input and prevent unexpected
interrupt due to noise. GPIO de-bounce function only applies to edge trigger interrupts, including
falling edge trigger, rising edge trigger and both rising and falling edge trigger.

Writing 1 to Px_DBEN bit enables the de-bounce function for the corresponding pin. The de-
bounce clock source can be from HCLK or LIRC (10kHz) by configuring DBCLKSRC
(Px_DBCTL[4]) register. DBCLKSEL (Px_DBCTL[3:0]) register configures the interrupt sampling
rate.
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Figure 6.5-5 shows the triggering condition for a GPIO rising edge trigger interrupt. The interval
of time between the two valid sample signal is determined by DBCLKSRC (Px_DBCTL[4]) and

DBCLKSEL (Px_DBCTL[3:0]). Each valid data from GPIO pin need to be sampled twice. For
rising edge trigger:

® if the pin status was low before DBEN (Px_DBEN) is enabled, an interrupt will be generated
when a valid high pin status is met.

® If the pin status was high before DBEN (Px_DBEN) is enabled, an interrupt can only happen

after first a valid low status detected, and then a valid high status detected.

For falling edge trigger, the opposite triggering condition is shown in Figure 6.5-6.

256* PA_INTYPE[O] = 1'b0
(de-bounce PA_DBCTL[3:0] = 4'b1000
clock cycle)
>
Valid
sample T T T T
PA.O i i : :
(PAPNO) ! L : : L
_ pin low pin high
Valid f valid data f valid data
data
INTSRC[O0] ;
(PA_INTSRC) ? interrupt
Figure 6.5-5 GPIO Rising Edge Trigger Interrupt
256* PA_INTYPE[0] = 1'b0
(de-bounce PA_DBCTL[3:0] = 4'b1000
clock cycle)
-
Valid
sample T T T T
IR
PA.O t t |‘
(PA_PIN[O]) . ' : :
_ pin high pin low
Valid ? valid data f valid data
data
INTSRCIO] ? interrupt
(PA_INTSRC)
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Figure 6.5-6 GPIO Falling Edge Trigger Interrupt
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Table 6.5.5-1 shows the pre-condition for de-bounce support.

System Status DBEN DBCLKSRC Description
0 0 No de-bounce function
Normal Mode / Idle 1 No de-bounce function
Mode ] 0 De-bounce function using HCLK
1 De-bounce function using LIRC (10 kHz)
0 0 No de-bounce function
1 No de-bounce function
Power Down Mode
] 0 No de-bounce function
1 De-bounce function using LIRC (10 kHz)

Table 6.5.5-1 De-Bounce Function Setting Table
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6.5.6 Register Map

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

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

GPIO_BA = 0x4000_4000

PA_MODE GPIO_BA+0x000 R/W |PA I/0 Mode Control OXXXXX_XXXX
PA_DINOFF GPIO_BA+0x004 R/W |PA Digital Input Path Disable Control 0x0000_0000
PA_DOUT GPIO_BA+0x008 R/W |PA Data Output Value 0x0000_FXFF
PA_DATMSK GPIO_BA+0x00C R/W |PA Data Output Write Mask 0x0000_0000
PA_PIN GPIO_BA+0x010 R PA Pin Value 0x0000_XXXX
PA_DBEN GPIO_BA+0x014 R/W |PA De-Bounce Enable Control Register 0x0000_0000
PA_INTTYPE GPIO_BA+0x018 R/W |PA Interrupt Trigger Type Control 0x0000_0000
PA_INTEN GPIO_BA+0x01C R/W |PA Interrupt Enable Control Register 0x0000_0000
PA_INTSRC GPIO_BA+0x020 R/W |PA Interrupt Source Flag 0x0000_0000
PA_SMTEN GPIO_BA+0x024 R/W |PA Input Schmitt Trigger Enable Register 0x0000_0000
PA_SLEWCTL GPIO_BA+0x028 R/W |PA High Slew Rate Control Register 0x0000_0000
PA_PUSEL GPIO_BA+0x030 R/W |PA Pull-up and Pull-down Selection Register 0x0000_0000
PB_MODE GPIO_BA+0x040 R/W |PB 1/0O Mode Control OXXXOX_XXXX
PB_DINOFF GPIO_BA+0x044 R/W |PB Digital Input Path Disable Control 0x0000_0000
PB_DOUT GPIO_BA+0x048 R/W |PB Data Output Value 0x0000_F3FF
PB_DATMSK GPIO_BA+0x04C R/W |PB Data Output Write Mask 0x0000_0000
PB_PIN GPIO_BA+0x050 R PB Pin Value 0x0000_XXXX
PB_DBEN GPIO_BA+0x054 R/W |PB De-Bounce Enable Control Register 0x0000_0000
PB_INTTYPE GPIO_BA+0x058 R/W |PB Interrupt Trigger Type Control 0x0000_0000
PB_INTEN GPIO_BA+0x05C R/W |PB Interrupt Enable Control Register 0x0000_0000
PB_INTSRC GPIO_BA+0x060 R/W |PB Interrupt Source Flag 0x0000_0000
PB_SMTEN GPIO_BA+0x064 R/W |PB Input Schmitt Trigger Enable Register 0x0000_0000
PB_SLEWCTL GPIO_BA+0x068 R/W |PB High Slew Rate Control Register 0x0000_0000
PB_PUSEL GPIO_BA+0x070 R/W |PB Pull-up and Pull-down Selection Register 0x0000_0000
PC_MODE GPIO_BA+0x080 R/W |PC I/O Mode Control OXXXXX_XXXX
PC_DINOFF GPIO_BA+0x084 R/W |PC Digital Input Path Disable Control 0x0000_0000
PC_DOUT GPIO_BA+0x088 R/W |PC Data Output Value 0x0000_FFFF
PC_DATMSK GPIO_BA+0x08C  |R/W |PC Data Output Write Mask 0x0000_0000
PC_PIN GPIO_BA+0x090 R PC Pin Value 0x0000_XXXX
PC_DBEN GPIO_BA+0x094 R/W |PC De-Bounce Enable Control Register 0x0000_0000
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Register Offset R/W |Description Reset Value
GPIO Base Address:

GPIO_BA = 0x4000_4000

PC_INTTYPE GPIO_BA+0x098 R/W |PC Interrupt Trigger Type Control 0x0000_0000
PC_INTEN GPIO_BA+0x09C R/W |PC Interrupt Enable Control Register 0x0000_0000
PC_INTSRC GPIO_BA+0x0A0 R/W |PC Interrupt Source Flag 0x0000_0000
PC_SMTEN GPIO_BA+0x0A4 R/W |PC Input Schmitt Trigger Enable Register 0x0000_0000
PC_SLEWCTL GPIO_BA+0x0A8 R/W |PC High Slew Rate Control Register 0x0000_0000
PC_PUSEL GPIO_BA+0x0B0 R/W |PC Pull-up and Pull-down Selection Register 0x0000_0000
PD_MODE GPIO_BA+0x0CO R/W |PD I/O Mode Control OXXXXX_XXXX
PD_DINOFF GPIO_BA+0x0C4 R/W |PD Digital Input Path Disable Control 0x0000_0000
PD_DOUT GPIO_BA+0x0C8 R/W |PD Data Output Value 0x0000_FFFF
PD_DATMSK GPIO_BA+0x0CC |R/W |PD Data Output Write Mask 0x0000_0000
PD_PIN GPIO_BA+0x0DO R PD Pin Value 0x0000_XXXX
PD_DBEN GPIO_BA+0x0D4 R/W |PD De-Bounce Enable Control Register 0x0000_0000
PD_INTTYPE GPIO_BA+0x0D8 R/W |PD Interrupt Trigger Type Control 0x0000_0000
PD_INTEN GPIO_BA+0x0ODC  |R/W |PD Interrupt Enable Control Register 0x0000_0000
PD_INTSRC GPIO_BA+0x0EO R/W |PD Interrupt Source Flag 0x0000_0000
PD_SMTEN GPIO_BA+0x0E4 R/W |PD Input Schmitt Trigger Enable Register 0x0000_0000
PD_SLEWCTL GPIO_BA+0x0ES8 R/W |PD High Slew Rate Control Register 0x0000_0000
PD_PUSEL GPIO_BA+0x0F0 R/W |PD Pull-up and Pull-down Selection Register 0x0000_0000
GPIO_DBCTL GPIO_BA+0x440 R/W |Interrupt De-bounce Control Register 0x0000_0020
:=A(TIP1DSIO g25218n§+0x800+ R/W |GPIO PA.n Pin Data Input/Output Register 0x0000_000X
::BQIPQDI:LOSE gl;cl)(Z:Bn?+Ox840+ R/W |GPIO PB.n Pin Data Input/Output Register 0x0000_000X
::CQIPlDSIO gzéa:Bn'§+0X880+ R/W |GPIO PC.n Pin Data Input/Output Register 0x0000_000X
:Ec:leslo %5&3:5n§+°X800+ R/W |GPIO PD.n Pin Data Input/Output Register 0x0000_000X
Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register description must be written to their reset value. Writing reserved fields
with other than reset values may produce undefined results.
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6.5.7 Register Description
Port A-D I/O Mode Control (Px MODE)

Register Offset R/W |Description Reset Value
PA_MODE GPIO_BA+0x000 R/W |PA I/O Mode Control OXXXXX_XXXX
PB_MODE GPIO_BA+0x040 R/W [PB I/O Mode Control OXXXOX_XXXX
PC_MODE GPIO_BA+0x080 R/W [PC I/O Mode Control OXXXXX_XXXX
PD_MODE GPIO_BA+0x0CO R/W |PD I/O Mode Control OXXXXX_XXXX
31 30 29 28 27 26 25 24
MODE15 MODE14 MODE13 MODE12
23 22 21 20 19 18 17 16
MODE11 MODE10 MODE9 MODES8
15 14 13 12 11 10 9 8
MODE7 MODEG6 MODES MODE4
7 6 5 4 3 2 1 0
MODE3 MODE2 MODE1 MODEO
Bits Description

Port A-D 1/0O Pin[n] Mode Control
Determine each I/0O mode of Px.n pins.
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.
Note 1:

The reset value of this field is defined by CIOINI (CONFIGO[10]) except
PA_MODE[17:16].

[2n+1:2n] MODE If CIOINI is set to O, the reset value is OxFFFF_FFFF and all pins will be quasi-
n=01.15 n bidirectional mode after chip power-on or reset period.
' If CIOINI is set to 1, the reset value is 0x0000_0000 and all pins will be

input mode after chip power-on or reset period.
Note 2:

The reset value of PA_MODE[17:16] field is defined by GPA8_LOW (CONFIGO[11]).
If GPA8_LOW is set to 0, the reset value of PA_MODE[17:16] is 0x1 and PA.8 will be

push-pull output mode after chip power-on or reset period.
If GPA8_LOW is set to 1, the reset value of PA_MODE[17:16] follows CIOINI setting.
Note 3:

Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Digital Input Path Disable Control (Px DINOFF)

Register Offset R/W |Description Reset Value
PA_DINOFF GPIO_BA+0x004  |R/W |PA Digital Input Path Disable Control 0x0000_0000
PB_DINOFF GPIO_BA+0x044 R/W |PB Digital Input Path Disable Control 0x0000_0000
PC_DINOFF GPIO_BA+0x084 R/W |PC Digital Input Path Disable Control 0x0000_0000
PD_DINOFF GPIO_BA+0x0C4 R/W |PD Digital Input Path Disable Control 0x0000_0000
31 30 29 28 27 26 25 24
DINOFF
23 22 21 20 19 18 17 16
DINOFF
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
Port A-D Pin[n] Digital Input Path Disable Control
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.
[n+16] DINOFF[n] 0 = Px.n digital input path Enabled.
n=0,1..15 1 = Px.n digital input path Disabled (digital input tied to low).
Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
[15:0] Reserved :‘\;eszfr\\//;ﬂéAny values read should be ignored. When writing to this field always write with

JUL 30, 2021 Page 244 of 913 Revl.2



NnuvoTonN

ISD94100 Series Technical Reference Manual

Port A-D Data Output Value (Px DOUT)

Register Offset R/W |Description Reset Value
PA_DOUT GPIO_BA+0x008 R/W |PA Data Output Value 0x0000_FXFF
PB_DOUT GPIO_BA+0x048 R/W |PB Data Output Value 0x0000_F3FF
PC_DOUT GPIO_BA+0x088 R/W |PC Data Output Value 0x0000_FFFF
PD_DOUT GPIO_BA+0x0C8 R/W |PD Data Output Value 0x0000_FFFF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DOUT
7 6 5 4 3 2 1 0
DOUT
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Output Value
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.
Note 1:
(n] DOUTN] The reset value of PA_DOUT[8] field is defined by GPA8_LOW (CONFIGO[11]).
n=0.1..15 If GPA8_LOW is set to 0, the reset value of PA_DOUTI[8] is 0 and PA.8 pin will be drive
' low state after chip power-on or reset period.
If GPA8_LOW is set to 1, the reset value of PA_DOUTI[8] is 1.
Note 2:
The reset value of PA DOUT[11:8] is 111Xb in binary form, the reset value of
PA_DOUTI8] is based on the setting of GPA_LOW (CONFIGO[11]).
Note 3:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Data Output Write Mask (Px DATMSK)

Register Offset R/W |Description Reset Value
PA_DATMSK GPIO_BA+0x00C  |R/W |PA Data Output Write Mask 0x0000_0000
PB_DATMSK GPIO_BA+0x04C R/W |PB Data Output Write Mask 0x0000_0000
PC_DATMSK GPIO_BA+0x08C R/W |PC Data Output Write Mask 0x0000_0000
PD_DATMSK GPIO_BA+0x0CC  |[R/W |PD Data Output Write Mask 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DATMSK
7 6 5 4 3 2 1 0
DATMSK
Bits Description
[31:8] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Data Output Write Mask
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 ignored.
0 = Corresponding DOUT (Px_DOUT][n]) bit can be updated.
[n] DATMSK]n] 1 = Corresponding DOUT (Px_DOUTIn]) bit protected.
n=0,1..15 Note 1: This function only protects the corresponding DOUT (Px_DOUTI[n]) bit, and will
not protect the corresponding PDIO (Pxn_PDIO[0]) bit.
Note 2:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Pin Value (Px_PIN)

Register Offset R/W |Description Reset Value
PA_PIN GPIO_BA+0x010 R PA Pin Value 0x0000_XXXX
PB_PIN GPIO_BA+0x050 R PB Pin Value 0x0000_XXXX
PC_PIN GPIO_BA+0x090 R PC Pin Value 0x0000_XXXX
PD_PIN GPIO_BA+0x0D0 R PD Pin Value 0x0000_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PIN
7 6 5 4 3 2 1 0
PIN
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Pin Value
Each bit of the register reflects the actual status of the respective Px.n pin. If the bitis 1, it
indicates the corresponding pin status is high; else the pin status is low.
[n] Note 1:
n=01..15 PIN[n] The reset value of PB_PIN[15:8] is XXXX_00XXb in binary form.
Note 2:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D De-bounce Enable Control Reqgister (Px DBEN)

Register Offset R/W |Description Reset Value
PA_DBEN GPIO_BA+0x014 R/W |PA De-Bounce Enable Control Register 0x0000_0000
PB_DBEN GPIO_BA+0x054 R/W |PB De-Bounce Enable Control Register 0x0000_0000
PC_DBEN GPIO_BA+0x094 R/W |PC De-Bounce Enable Control Register 0x0000_0000
PD_DBEN GPIO_BA+0x0D4 R/W |PD De-Bounce Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DBEN
7 6 5 4 3 2 1 0
DBEN
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Input Signal De-bounce Enable Bit
The DBENIN] 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 de-bounce sample cycle period is controlled by DBCLKSEL (GPIO_DBCTL [3:0]).
[n] 0 = Px.n de-bounce function Disabled.
DBEN[N] _
n=0,1..15 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 is ignored.
Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Interrupt Type Control (Px INTTYPE)

Register Offset R/W |Description Reset Value
PA_INTTYPE GPIO_BA+0x018 R/W |PA Interrupt Trigger Type Control 0x0000_0000
PB_INTTYPE GPIO_BA+0x058 R/W |PB Interrupt Trigger Type Control 0x0000_0000
PC_INTTYPE GPIO_BA+0x098 R/W |PC Interrupt Trigger Type Control 0x0000_0000
PD_INTTYPE GPIO_BA+0x0D8 R/W |PD Interrupt Trigger Type Control 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
TYPE
7 6 5 4 3 2 1 0
TYPE
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Edge or Level Detection Interrupt Trigger Type Control
TYPE (Px_INTTYPE[n]) bit is used to control the triggered interrupt is by level trigger or
by edge trigger. If the interrupt is by edge trigger, the trigger source can be controlled by
de-bounce. If the interrupt is by level trigger, the input source is sampled by one HCLK
clock and generates the interrupt.
0 = Edge trigger interrupt.
[n] 1 = Level trigger interrupt.
TYPE[N] If the pin is set as the level trigger interrupt, only one level can be set on the registers
n=0,1..15 RHIEN (Px_INTEN[n+16])/FLIEN (Px_INTENI[n]). If both levels to trigger interrupt are set,

the setting is 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 is ignored.

Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Interrupt Enable Control Register (Px INTEN)

Register Offset R/W |Description Reset Value
PA_INTEN GPIO_BA+0x01C  |R/W |PA Interrupt Enable Control Register 0x0000_0000
PB_INTEN GPIO_BA+0x05C R/W |PB Interrupt Enable Control Register 0x0000_0000
PC_INTEN GPIO_BA+0x09C R/W |PC Interrupt Enable Control Register 0x0000_0000
PD_INTEN GPIO_BA+0x0DC  |R/W [PD Interrupt Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
RHIEN
23 22 21 20 19 18 17 16
RHIEN
15 14 13 12 11 10 9 8
FLIEN
7 6 5 4 3 2 1 0
FLIEN
Bits Description

Port A-D Pin[n] Rising Edge or High Level Interrupt Trigger Type Enable Bit

The RHIEN (Px_INTEN[n+16]) bit is used to enable the interrupt for each of the
corresponding input Px.n pin. Set bit to 1 also enable the pin wake-up function.

When setting the RHIEN (Px_INTEN[n+16]) bitto 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.

[n+16] . . . . . .
RHIEN[N] If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n pin
n=0,1..15 will generate the interrupt while this pin state changed 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.
Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
Port A-D Pin[n] Falling Edge or Low Level Interrupt Trigger Type Enable Bit
The FLIEN (Px_INTEN[n]) bit is used to enable the interrupt for each of the
corresponding input Px.n pin. Set bit to 1 also enable the pin wake-up function.
When setting the FLIEN (Px_INTEN[n]) bitto 1 :
inl If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n pin
FLIEN[n] will generate the interrupt while this pin state is at low level.
n=0,1..15

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 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.
Note:
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Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Interrupt Source Flag (Px INTSRC)

Register Offset R/W |Description Reset Value
PA_INTSRC GPIO_BA+0x020  |R/W |PA Interrupt Source Flag 0x0000_0000
PB_INTSRC GPIO_BA+0x060 R/W |PB Interrupt Source Flag 0x0000_0000
PC_INTSRC GPIO_BA+0x0A0 R/W |PC Interrupt Source Flag 0x0000_0000
PD_INTSRC GPIO_BA+0x0EO R/W |PD Interrupt Source Flag 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
INTSRC
7 6 5 4 3 2 1 0
INTSRC
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Interrupt Source Flag
Write Operation :
0 = No action.
1 = Clear the corresponding pending interrupt.
Read Operation :
[n] 0 = No interrupt at Px.n.
INTSRC[n] _
n=0,1..15 1 = Px.n generates an interrupt.
Note 1:
The reset value of PB_INTSRC[15:8] is 0XXX_00XXb in binary form.
Note 2:

Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Input Schmitt Trigger Enable Register (Px SMTEN)

Register Offset R/W |Description Reset Value
PA_SMTEN GPIO_BA+0x024 R/W |PA Input Schmitt Trigger Enable Register 0x0000_0000
PB_SMTEN GPIO_BA+0x064 R/W |PB Input Schmitt Trigger Enable Register 0x0000_0000
PC_SMTEN GPIO_BA+0x0A4 R/W |PC Input Schmitt Trigger Enable Register 0x0000_0000
PD_SMTEN GPIO_BA+0x0E4 R/W |PD Input Schmitt Trigger Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
SMTEN
7 6 5 4 3 2 1 0
SMTEN
Bits Description
[31:16] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Port A-D Pin[n] Input Schmitt Trigger Enable Bit
0 = Px.n input schmitt trigger function Disabled.
[n] 1 = Px.n input schmitt trigger function Enabled.
SMTEN[n]
n=0,1..15 Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D High Slew Rate Control Register (Px SLEWCTL)

Register Offset R/W |Description Reset Value
PA_SLEWCTL GPIO_BA+0x028 R/W |PA High Slew Rate Control Register 0x0000_0000
PB_SLEWCTL GPIO_BA+0x068 R/W |PB High Slew Rate Control Register 0x0000_0000
PC_SLEWCTL GPIO_BA+0x0A8 R/W |PC High Slew Rate Control Register 0x0000_0000
PD_SLEWCTL GPIO_BA+0x0ES8 R/W |PD High Slew Rate Control Register 0x0000_0000
31 30 29 28 27 26 25 24
HSREN15 HSREN14 HSREN13 HSREN12
23 22 21 20 19 18 17 16
HSREN11 HSREN10 HSREN9 HSRENS8
15 14 13 12 11 10 9 8
HSRENO7 HSRENG6 HSRENS5 HSREN4
7 6 5 4 3 2 1 0
HSRENO3 HSREN2 HSREN1 HSRENO
Bits Description
Port A-D Pin[n] High Slew Rate Control
00 = Px.n output with normal slew rate mode.
01 = Px.n output with high slew rate mode.
[2n+1:2n] 10 = Px.n output with fast slew rate mode.
HSRENnN
n=0,1..15 11 = Reserved. Do not use.
Note:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Port A-D Pull-up and Pull-down Selection Register (Px PUSEL)

Register Offset R/W |Description Reset Value
PA_PUSEL GPIO_BA+0x030 R/W |PA Pull-up and Pull-down Selection Register 0x0000_0000
PB_PUSEL GPIO_BA+0x070 R/W |PB Pull-up and Pull-down Selection Register 0x0000_0000
PC_PUSEL GPIO_BA+0x0B0 R/W |PC Pull-up and Pull-down Selection Register 0x0000_0000
PD_PUSEL GPIO_BA+0x0F0 R/W |PD Pull-up and Pull-down Selection Register 0x0000_0000
31 30 29 28 27 26 25 24
PUSEL15 PUSEL14 PUSEL13 PUSEL12
23 22 21 20 19 18 17 16
PUSEL11 PUSEL10 PUSEL9 PUSELS8
15 14 13 12 11 10 9 8
PUSEL7 PUSEL6 PUSELS5 PUSEL4
7 6 5 4 3 2 1 0
PUSEL3 PUSEL2 PUSEL1 PUSELO
Bits Description

Port A-D Pin[n] Pull-up and Pull-down Enable Register
Determine each I/O Pull-up/pull-down of Px.n pins.

00 = Px.n pull-up and pull- down disable.

01 = Px.n pull-up enable.

10 = Px.n pull-down enable.

11 = Px.n pull-up and pull-down disable.

Note 1:
[2n+1:2n] . . o
PUSELN Basically, the pull-up control and pull-down control has following behavior limitation
n=0,1..15 The independent pull-up control register only valid when MODER set as tri-state and

open-drain mode
The independent pull-down control register only valid when MODERn set as tri-state mode

When both pull-up and pull-down is set as 1 (PUSELn = 11) at “tri-state” mode, keep /O
in tri-state mode (pull-up and pull-down disable).

Note 2:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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Interrupt De-bounce Control Reqgister (GPIO DBCTL)

Register Offset R/W |Description Reset Value
GPIO_DBCTL GPIO_BA+0x440 R/W |Interrupt De-bounce Control Register 0x0000_0020
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ICLKON DBCLKSRC DBCLKSEL
Bits Description
[31:6] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
reset value.
Interrupt Clock on Mode
0 = Edge detection circuit is active only if I/O pin corresponding RHIEN
(Px_INTEN[n+16])/FLIEN (Px_INTEN[n]) bit is set to 1.
[5] ICLKON ) . . .
1 = All I/O pins edge detection circuit is always active after reset.
Note: It is recommended to disable this bit to save system power if no special application
concern.
De-bounce Counter Clock Source Selection
[4] DBCLKSRC 0 = De-bounce counter clock source is the HCLK.
1 = De-bounce counter clock source is the 10 kHz internal low speed RC oscillator
(LIRC).
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0 -

Bits Description

De-bounce Sampling Cycle Selection

0000 = Sample interrupt input once per 1 clocks.

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.
[3:0] DBCLKSEL 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.
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GPIO Px.n Pin Data Input/Qutput Register (Pxn PDIO)

Register Offset R/W |Description Reset Value
PANn_PDIO
011 g';(')a—*BnA)+OXBOO+ R/W |GPIO PA.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PBn_PDIO
0101015 %;é%sn/;wxmm R/W |GPIO PB.n Pin Data Input/Output Register 0x0000_000X
n=0,1..9,13..
PCn_PDIO
11 g%%sn/;mxssm RMW [GPIO PC.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PDn_PDIO
01 15 (Cél;(l)(i:Bn?+0x800+ R/W |GPIO PD.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PDIO
Bits Description
[31:1] Reserved Reserved. Any values read should be ignored. When writing to this field always write with
' reset value.
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 PAO_PDIO will reflect the written value to bit DOUT (Px_DOUTI[0]),
reading PAO_PDIO will return the value of PIN (PA_PIN[O0]).
[ PDIO Note 1:
The writing operation will not be affected by register DATMSK (Px_DATMSK][n]).
Note 2:

The reset value of PAn_PDIO[3:0], PBn_PDIO[3:0], PCn_PDIO[3:0] and PDn_PDIOJ[3:0]
are 000Xb in binary form.

Note 3:
Max. n=15 for port A/C/D
n=0..9, 13, 14, 15 for port B
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6.6 PDMA Controller (PDMA)

6.6.1 Overview

The peripheral direct memory access (PDMA) controller is used to provide high-speed data
transfer. The PDMA controller can transfer data from one address to another without CPU
intervention. This has the benefit of reducing the workload of CPU and keeps CPU resources free
for other applications. The PDMA controller has a total of 16 channels and each channel can
perform transfer between memory and peripherals or between memory and memory.
6.6.2 Features
®  Supports 16 independently configurable channels
®  Supports selectable 2 level of priority (fixed priority or round-robin priority)
®  Supports transfer data width of 8, 16, and 32 bits
°

Supports source and destination address increment size can be byte, half-word, word
or no increment

Supports software and SPI, UART, ADC and PWM request

Supports Scatter-Gather mode to perform sophisticated transfer through the use of
the descriptor link list table

Supports single and burst transfer type
Supports time-out function on channel 0 and channell

Supports stride function from channel 0 to channel 5

6.6.3 Block Diagram

The block diagram about PDMA controller is shown as follows.

< AHB >
req . I D i

- > escriptor Table
Pen%heral < ?C'kh Master / Slave Wrapper (DpSCT)

NS 9 ChO DSCT

. ey 8 CHO
Peripheral | ack g Control I/0, Decoder

1 <finish [ = = Registers e

. S 3 . °

o %—O ° o

° req .| @ :

; >0 CH15 Bus Master
Pen;:lheral < filr?iksh ™ Control Control Ch15 DSCT

- - Embedded SRAM
Peripheral PDMA Controller

Figure 6.6-1 PDMA Controller Block Diagram
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6.6.4 Basic Configuration
® Clock source configuration
- Enable PDMA controller clock in PDMACKEN (CLK_AHBCLK [1]).
® Reset configuration
- Reset PDMA controller in PDMARST (SYS_IPRSTO0[2]).

6.6.5 Functional Description

The PDMA controller transfers data from one address to another without CPU intervention. The
PDMA controller supports 16 independent channels and serves only one channel at one time, as
the result, PDMA controller supports two level channel priorities: fixed and round-robin priority,
PDMA controller serves channel in order from highest to lowest priority channel. The PDMA
controller supports two operation modes: Basic mode and Scatter-gather mode. Basic mode is
used to perform one descriptor table transfer. Scatter-gather mode has more entries for each
PDMA channel, and thus the PDMA controller supports sophisticated transfer through the entries.
The descriptor table entry data structure contains many transfer information including the transfer
source address, transfer destination address, transfer count, burst size, transfer type and
operation mode. The Figure 6.6-2 shows the diagram of descriptor table (DSCT) data structure.

O0xFO | DSCT15
OXEO | DSCT14
0xDO | DSCT13

DSCT_NEXT 0x0C
- : DSCT_DA 0x08
0x50 | DSCT5 DSCT_SA 0x04
0x40 | DSCT4 DSCT_CTL 0x00
0x30 | DSCT3 Descriptor Table Entry Structure
0x20 | DSCT2
0x10 | DSCT1
0x00 | DSCTO

Descriptor Table

Figure 6.6-2 Descriptor Table Entry Structure

PDMA controller also supports single and burst transfer type and the request source can be from
software or peripheral request, transfer between memory to memory using software request. A
single transfer means that software or peripheral is ready to transfer one data (every data needs
one request), and the burst transfer means that software or peripherals will transfer multiple data
(multiple data only need one request).

6.6.5.1  Channel Priority

The PDMA controller supports two level channel priorities including fixed and round-robin priority.
The fixed priority channel has higher priority than round-robin priority channel. If multiple channels
are set as fixed or round-robin priority, the higher channel will have higher priority. The priority
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order is listed in Table 6.6.5-1.

PDMA_PRISET Channel Number Priority Setting Arbitration Priority In Descending Order
1 15 Channell5, Fixed Priority Highest
1 14 Channell14, Fixed Priority ---
1 0 Channel0, Fixed Priority -
0 15 Channel15, Round-Robin Priority -
0 14 Channel14, Round-Robin Priority ---
0 0 Channel0, Round-Robin Priority Lowest

Table 6.6.5-1 Channel Priority Table

6.6.5.2 PDMA Operation Mode

The PDMA controller supports two operation modes including Basic mode and Scatter-Gather
mode.

Basic Mode

Basic mode is used to perform one descriptor table transfer mode. This mode can be used to
transfer data between memory and memory or peripherals and memory. PDMA controller
operation mode can be set from OPMODE (PDMA_DSCTn_CTL[1:0], n denotes PDMA channel),
default setting is in idle state (OPMODE (PDMA_DSCTn_CTL[1:0]) = 0x0) and recommend user
configure the descriptor table in idle state. If operation mode is not in idle state, user re-configure
channel setting may make some operation error.

User must fill the transfer count TXCNT (PDMA_DSCTn_CTL[31:16]) register and select transfer
width TXWIDTH (PDMA_DSCTn_CTL[13:12]), destination address increment size DAINC
(PDMA_DSCTn_CTL[11:10]), source address increment size SAINC (PDMA_DSCTn_CTL[9:8]),
burst  size BURSIZE (PDMA_DSCTn_CTL[6:4]) and transfer  type TXTYPE
(PDMA_DSCTn_CTL[2]), then the PDMA controller will perform transfer operation in transfer
state after receiving request signal. Finishing this task will generate an interrupt to CPU if
corresponding PDMA interrupt bit INTENn (PDMA_INTEN[15:0]) is enabled and the operation
mode will be updated to idle state as shown in Figure 6.6-3. If software configures the operation
mode to idle state, the PDMA controller will not perform any transfer and then clear this operation
request. Finishing this task will also generate an interrupt to CPU if corresponding PDMA interrupt
bit is enabled.
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> Transfer State

OPMODE (PDMA_DSCTn_CTL[1:0]) = Ox1
Next Request Transfer done

Idle State <

OPMODE (PDMA_DSCTn_CTL[1:0]) = Ox0

Figure 6.6-3 Basic Mode Finite State Machine
Scatter-Gather Mode

Scatter-Gather mode is a complex mode and can perform sophisticated transfer through the use
of the description link list table as shown in Figure 6.6-4. Through operation mode user can
perform peripheral wrapper-around, multiple PDMA task or can be used for data transfer between
varied locations in system memory instead of a set of contiguous locations. Scatter-gather mode
only need a request to finish all table entries task until the last task with OPMODE
(PDMA_DSCTn_CTL[1:0]) is idle state without ack, it also means scatter-gather mode can only
be use to transfer data between memory to memory without handshaking.

In Scatter-Gather mode, the table is just used for jumping to the next table entry. The first task will
not perform any operation transfer. Finishing each task will generate an interrupt to CPU if
corresponding PDMA interrupt bit is enabled and TBINTDIS (PDMA_DSCTn_CTL[7]) bit is “0”
(when finishing task and TBINTDIS bit is “0”, corresponding TDIFn (PDMA_TDSTS[15:0]) flag will
be asserted and if this bit is “1” TDIFn will not be active).

If channel 7 has been triggered, and the operation mode is in Scatter-Gather mode (OPMODE
(PDMA_DSCTn_CTL[1:0]) = Ox2), the hardware will load the real PDMA information task from the
address generated by adding PDMA_DSCTn_NEXT (link address) and PDMA_SCATBA (base
address) registers. For example, base address is 0x2000_0000 (only MSB 16bits valid in
PDMA_SCATBA), current link address is 0x0000_0100 (only LSB 16bits without last two bits [1:0]
valid in PDMA_DSCTn_NEXT), then next DSCT entry start address is 0x2000_0100. Note that
the address of descriptor tables must be in the same 64KB area.
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PDMA_SCATBA

DSCT15 ] DSCT_NEXT :
LSB 16 bits~_MSB 16 bits
DSCT14 DSCT DA | viout [10] I
DSCT_SA D
pscT cTL |1]0

Current DSCT Entry

DSCT_NEXT
DSCT1 SCT-
DSCT_DA
DSCTO -
Load the information to DSCT_SA
the channel 15 descriptor table DSCT_CTL <

Next DSCT Entry

SRAM

Figure 6.6-4 Descriptor Table Link List Structure

The above link list table operation is DSCT state in Scatter-Gather Mode as shown in Figure
6.6-5. When loading the information is finished, it will go to transfer state and start transfer by this
information automatically. However, if the next PDMA information is also in the Scatter-Gather
mode, the hardware will catch the next PDMA information block when the current task is finished.
The Scatter-Gather mode stops until the PDMA controller operation mode switch to basic mode
and transfer once or directly switch to idle state.

» DSCT State

OPMODE (PDMA_DSCTn_CTL[1:0])=0x2| | _- AHB ready
.
OPMODE
Next Entry Transfer State || |(PDMA_DSCTn_CTL[1:0])=0x0
st

OPMODE (PDMA_DSCTn_CTL[1:0])=0x1

~Transfer done

Idle State

«

OPMODE (PDMA_DSCTn_CTL[1:0])=0x0

Figure 6.6-5 Scatter-Gather Mode Finite State Machine
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6.6.5.3 Transfer Type

The PDMA controller supports two transfer types: single transfer type and burst transfer type,
configure by setting TXTYPE (PDMA_DSCTn_CTL[2]).

When PDMA controller operated in single transfer type, each transfer data needs one request
signal for one transfer, after transferred data, TXCNT (PDMA_DSCTn_CTL[31:16]) will decrease
1. Transfer will finish until the TXCNT (PDMA_DSCTn_CTL[31:16]) decrease to 0. In this mode,
the BURSIZE (PDMA_DSCTn_CTL[6:4]) is not useful to control the transfer size. The BURSIZE
(PDMA_DSCTn_CTL[6:4]) will be fixed as one.

For the burst transfer type, PDMA controller transfers TXCNT (PDMA_DSCTn_CTL[31:16]) of
data and need only one request signal. After transferred BURSIZE (PDMA_DSCTn_CTL[6:4]) of
data, TXCNT (PDMA_DSCTn_CTL[31:16]) will decrease BURSIZE number. Transfer will done
until the transfer count TXCNT (PDMA_DSCTn_CTL[31:16]) decrease to 0. Note that burst
transfer type can only be used for PDMA controller to do burst transfer between memory and
memory. User must use single request type for memory-to-peripheral and peripheral-to-memory
transfers.

The Figure 6.6-6 shows an example about single and burst transfer type in basic mode. In this
example, channel 1 uses single transfer type and TXCNT (PDMA_DSCTn_CTL[31:16]) = 127.
Channel 0 uses burst transfer type, BURSIZE (PDMA_DSCTn_CTL[6:4]) = 0 (128 transfers) and
TXCNT (PDMA_DSCTn_CTL[31:16]) = 255. The operation sequence is described below:

1. Channel 0 and channel 1 get the trigger signal at the same time.

2. Channel 1 has higher priority than channel 0 by default; the PDMA controller will load the
channel 1 descriptor table first and executing. But channel 1 is single transfer type, so PDMA
controller will only transfer one transfer data.

3. Then, PDMA controller turns to the channel 0 and loads channel 0’s descriptor table. The
channel 0 is burst transfer type and the burst size selected to 128. Therefore, PDMA
controller will transfer 128 transfer data.

4. When channel 0 transfers 128 data, channel 1 gets another request signal, then after
channel 0O finishes 128 transfer data, the PDMA controller will turn to channel 1 and transfer
next one data.

5. After channel 1 transfers data, PDMA controller switches to low priority channel 0 to
continuous next 128 data transfer. If no channel 1 request receives, PDMA will start next
channel 0, 128 data transfer.

6. PDMA controller will complete transfer when channel O finishes data transfer 256 times, and
channel 1 finishes transferring 128 times.
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Execution
Channel Channel 1 Channel 0 Channel 1 Channel 0
CH1 Request TramsferredH HTransferredH
1 byte data 1 byte data
Transferred Transferred
CHO Request T S  128wordsdata S~  128wordsdata
CH1 CHO
TXCNT
(PDMA_DSCTn_CTL[31:16]) 127 255
TXWIDTH 0 2
(PDMA_DSCTn_CTL[13:12]) (1 byte) (1 word)
EERSlcs Non-useful 0
(PDMA_DSCTn_CTL[6:4]) (128 transfers)
TXTYPE 1 0
(PDMA_DSCTn_CTL[2]) (Single Transfer) | (Burst Transfer)

Figure 6.6-6 Example of Single Transfer Type and Burst Transfer Type in Basic Mode

6.6.5.4 Channel Time-out

Only PDMA channel 0 and channel 1 support time-out function. When the transfer channel is
enabled and selected to the peripheral, corresponding channel time-out TOUTENnN
(PDMA_TOUTEN [n], n=0,1) is enabled, then channel's corresponding time-out counter will start
count up from 0 while the channel has received trigger signal from the peripheral.

The time-out counter is based on output of HCLK prescaler, which is setting by corresponding
channel's TOUTPSCn (PDMA_TOUTPSC [2+4n:4n], n=0,1). If time-out counter counts up from O
to corresponding channel's TOCn (PDMA_TOCO_1 [16(n+1)-1):16n], n=0,1), the PDMA controller
will generate interrupt signal when corresponding TOUTIENn (PDMA_TOUTIEN [n], n=0,1) is
enabled. When time-out occurred, corresponding channel’'s REQTOFn (PDMA_INTSTS [n+8],
n=0,1) will be set to indicate channel time-out is happened.

Time-out counter reset to 0 while counter count to TOCn (PDMA_TOCO_1 [16(n+1)-1:16n],
n=0,1), received trigger signal, time-out function disabled or chip enter power-down mode.

Figure 6.6-7 shows an example about time-out counter operation. The operation sequence is
described below:

1. The channel 0 time-out counter is not counting when time-out function is enabled by set
TOUTENO(PDMA_TOUTEN]JO0]) bit to 1.

2. Time-out counter is start counting from 0 to the value of TOCO(PDMA_TOCO_1[15:0]) bits
when received first peripheral request.

Time-out counter is reset to 0 by received second peripheral request.

4. Channel 0 request time-out flag(REQTOFO(PDMA_INTSTS[8])) is set to high when time-out
counter counts to 5. The counter will keep counting from 0 to 5, and user can clear
REQTOFO flag then polling REQTOFO flag to check next time-out occurred.

5. Time-out counter is reset to 0 when time-out function is disabled.
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Mcuene ILUTTUUUUUUTUUUUTT U UTU UL
(HCLK/278)

TOUTPSCO

(PDMA_TOUTPSC[2:0]) 0
TOCO

(PDMA_TOCO_1[15:0]) 5

Time-out counter X Q@Q 0
TOUTENO
(PDMA_TOUTEN[O]) ____| \_______
Peripheral request /_\ /_\

REQTOFO
(PDMA_INTSTSI[8]) /

Figure 6.6-7 Example of PDMA Channel 0 Time-out Counter Operation

6.6.5.5 Stride Function

The PDMA support channel 0 to channel 5 six channels with stride function. The stride function
can transfers data from one address to another address and can support block transfer with
stride. When operating in stride function, the transfer address can be fixed or incremented
successively.

Setting STRIDE_EN (PDMA_DSCTn_CTL[15]) to enable stride function, and then write a valid
source address to the PDMA_DSCTn_SA register and a source address offset count to SASOL
(PDMA_ASOCRN[15:0]) register, a destination address to the PDMA_DSCTn_DA register and a
destination address offset count to DASOL (PDMA_ASOCRN[31:16]), and a transfer count to the
TXCNT (PDMA_DSCTn_CTL) register and a stride transfer count to STC (PDMA_STCn[15:0]).
Next, trigger the SWREQn (PDMA_SWREQ[5:0]). The DMA will continue the transfer until
TXCNT (PDMA_DSCTn_CTL) count down to zero. The Figure 6.6-8 shows the block transfer
relationship between source memory and destination memory. Stride function also supports
peripheral to memory or memory to peripheral transfer.

Please note that stride mode must be operated in burst mode (TXTYPE (PDMA_DSCTx_CTL[2])
= 0), and the transfer count (TXCNT (PDMA_DSCTx_CTL[31:16])) should be less than burst size
(BURSIZE (PDMA_DSCTx_CTL[6:4])), and STC (PDMA_STCRx[15:0]) must be greater than or
equal to 1.

—

-— sTC

- STC :
3 'DASOL

Source Memory Destination Memory

'SASOL

Figure 6.6-8 Stride Function Block Transfer
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6.6.5.6 PDMA Controller Transfer Bandwidth

The PDMA fits into the memory system of the ISD94100 as a master on the AHB bus. Only a
finite number of PDMA transactions can occur on the AHB per second, hence there is a maximum
bandwidth possible for PDMA transfers. The PDMA controller takes multiple clock cycles to
handle requests to/from peripherals or SRAM. The PDMA controller uses round-robin priority
scheme to handle each channel. Each PDMA channel transfer (a data transaction of width
byte/half-word/word based on PDMA setting) between the peripheral’'s FIFO and system SRAM
takes 9 AHB clock cycles plus 5 APB clock cycles. And the AHB clock cycles for memory-to-
memory burst transfers are listed in the table below. The user must consider the worst case time
to complete outstanding PDMA requests of all high priority channels in assessing whether there is
sufficient PDMA bandwidth for the application. If memory bandwidth utilization is too high then
FIFO overflow on peripherals can occur when PDMA request cannot be serviced in a timely

manner.
Burst Size AHB Clock Cycles Burst Size AHB Clock Cycles
1 14 16 74
2 18 32 144
4 26 64 284
8 42 128 564
Example:

If the frequency of HCLK is 49.152 MHz, the frequency of PCLKO and PCLK1 is 24.576 MHz, for
each memory-to-peripheral (M2P) and peripheral-to-memory (P2M) transfer takes 19 AHB (9 + 5
* (Fans/Fapg)) clock cycles.

Suppose 12S interface is used with a sampling rate of 48 kHz, data width of 32 bits and stereo
transmission, PDMA controller needs 48000 * 2(stereo) * 2(RX/TX) * 19 = 3,648,000 AHB clock
cycles per second to handle the data transfer rate.

If there is also a 2560000 word, 128 burst size, memory-to-memory (M2M) transfer per second
scheduled. Then this takes 2560000/128 * 564 = 11,280,000 AHB clock cycles per second.

The remaining 34,224,000 (49,152,000 — 11,280,000 — 3,648,000) AHB clock cycles can be used
for other peripheral data transfer.

Supposed that 2 channels of SPI are enabled with PDMA transfer, the maximum frequency for
each SPI bus clock should be less than 14 MHz. The calculation being:

34,224,000 (available cycles/sec) / 4(PDMA channels for SPI TX and RX) / 19 (P2M or M2P AHB
clock cycles) * 32 (FIFO width) = 14.41 MHz.
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Register Map

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

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

PDMA_BA = 0x4000_8000

PDMA_DSCTO_CTL PDMA_BA + 0x00 |R/W |Descriptor Table Control Register of PDMA Channel 0 JOXXXXX_XXXX

PDMA_DSCTO_SA

PDMA_BA + 0x04

RIW

Source Address Register of PDMA Channel 0

OXXXXX_XXXX

PDMA_DSCTO_DA

PDMA_BA + 0x08

R/W

Destination Address Register of PDMA Channel 0

OXXXXX_XXXX

PDMA_DSCTO_NEXT

PDMA_BA + 0x0C

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 0

OXXXXX_XXXX

PDMA_DSCT1_CTL

PDMA_BA + 0x10

RW

Descriptor Table Control Register of PDMA Channel 1

OXXXXX_XXXX

PDMA_DSCT1_SA

PDMA_BA + 0x14

RW

Source Address Register of PDMA Channel 1

OXXXXX_XXXX

PDMA_DSCT1_DA

PDMA_BA + 0x18

RW

Destination Address Register of PDMA Channel 1

OXXXXX_XXXX

PDMA_DSCT1_NEXT

PDMA_BA + 0x1C

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 1

OXXXXX_XXXX

PDMA_DSCT2_CTL

PDMA_BA + 0x20

RW

Descriptor Table Control Register of PDMA Channel 2

OXXXXX_XXXX

PDMA_DSCT2_SA

PDMA_BA + 0x24

RW

Source Address Register of PDMA Channel 2

OXXXXX_XXXX

PDMA_DSCT2_DA

PDMA_BA + 0x28

R/W

Destination Address Register of PDMA Channel 2

OXXXXX_XXXX

PDMA_DSCT2_NEXT

PDMA_BA + 0x2C

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 2

OXXXXX_XXXX

PDMA_DSCT3_CTL

PDMA_BA + 0x30

RW

Descriptor Table Control Register of PDMA Channel 3

OXXXXX_XXXX

PDMA_DSCT3_SA

PDMA_BA + 0x34

R/W

Source Address Register of PDMA Channel 3

OXXXXX_XXXX

PDMA_DSCT3_DA

PDMA_BA + 0x38

R/W

Destination Address Register of PDMA Channel 3

OXXXXX_XXXX

PDMA_DSCT3_NEXT

PDMA_BA + 0x3C

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 3

OXXXXX_XXXX

PDMA_DSCT4_CTL

PDMA_BA + 0x40

RW

Descriptor Table Control Register of PDMA Channel 4

OXXXXX_XXXX

PDMA_DSCT4_SA

PDMA_BA + 0x44

RW

Source Address Register of PDMA Channel 4

OXXXXX_XXXX

PDMA_DSCT4 DA

PDMA_BA + 0x48

R/W

Destination Address Register of PDMA Channel 4

OXXXXX_XXXX

PDMA_DSCT4_NEXT

PDMA_BA + 0x4C

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 4

OXXXXX_XXXX

PDMA_DSCT5_CTL

PDMA_BA + 0x50

R/W

Descriptor Table Control Register of PDMA Channel 5

OXXXXX_XXXX

PDMA_DSCT5_SA

PDMA_BA + 0x54

R/W

Source Address Register of PDMA Channel 5

OXXXXX_XXXX

PDMA_DSCT5_DA

PDMA_BA + 0x58

R/W

Destination Address Register of PDMA Channel 5

OXXXXX_XXXX

PDMA_DSCT5_NEXT

PDMA_BA + 0x5C

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 5

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

PDMA_BA = 0x4000_8000

PDMA_DSCT6_CTL PDMA _BA +0x60 |R/W |Descriptor Table Control Register of PDMA Channel 6 [OXXXXX_XXXX

PDMA_DSCT6_SA

PDMA_BA + 0x64

RIW

Source Address Register of PDMA Channel 6

OXXXXX_XXXX

PDMA_DSCT6_DA

PDMA_BA + 0x68

R/W

Destination Address Register of PDMA Channel 6

OXXXXX_XXXX

PDMA_DSCT6_NEXT

PDMA_BA + 0x6C

RIW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 6

OXXXXX_XXXX

PDMA_DSCT7_CTL

PDMA_BA + 0x70

RW

Descriptor Table Control Register of PDMA Channel 7

OXXXXX_XXXX

PDMA_DSCT7_SA

PDMA_BA + 0x74

RW

Source Address Register of PDMA Channel 7

OXXXXX_XXXX

PDMA_DSCT7_DA

PDMA_BA + 0x78

RW

Destination Address Register of PDMA Channel 7

OXXXXX_XXXX

PDMA_DSCT7_NEXT

PDMA_BA + 0x7C

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 7

OXXXXX_XXXX

PDMA_DSCT8_CTL

PDMA_BA + 0x80

RW

Descriptor Table Control Register of PDMA Channel 8

OXXXXX_XXXX

PDMA_DSCT8_SA

PDMA_BA + 0x84

RW

Source Address Register of PDMA Channel 8

OXXXXX_XXXX

PDMA_DSCT8_DA

PDMA_BA + 0x88

RW

Destination Address Register of PDMA Channel 8

OXXXXX_XXXX

PDMA_DSCT8_NEXT

PDMA_BA + 0x8C

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 8

OXXXXX_XXXX

PDMA_DSCT9_CTL

PDMA_BA + 0x90

RW

Descriptor Table Control Register of PDMA Channel 9

OXXXXX_XXXX

PDMA_DSCT9_SA

PDMA_BA + 0x94

RW

Source Address Register of PDMA Channel 9

OXXXXX_XXXX

PDMA_DSCT9_DA

PDMA_BA + 0x98

R/W

Destination Address Register of PDMA Channel 9

OXXXXX_XXXX

PDMA_DSCT9_NEXT

PDMA_BA + 0x9C

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 9

OXXXXX_XXXX

PDMA_DSCT10_CTL

PDMA_BA + 0xAO

R/W

Descriptor Table Control Register of PDMA Channel
10

OXXXXX_XXXX

PDMA_DSCT10_SA

PDMA_BA + 0xA4

RW

Source Address Register of PDMA Channel 10

OXXXXX_XXXX

PDMA_DSCT10_DA

PDMA_BA + 0xA8

R/W

Destination Address Register of PDMA Channel 10

OXXXXX_XXXX

PDMA_DSCT10_NEXT

PDMA_BA + 0XAC

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 10

OXXXXX_XXXX

PDMA_DSCT11_CTL

PDMA_BA + 0xBO

R/W

Descriptor Table Control Register of PDMA Channel
11

OXXXXX_XXXX

PDMA_DSCT11_SA

PDMA_BA + 0xB4

R/W

Source Address Register of PDMA Channel 11

OXXXXX_XXXX

PDMA_DSCT11_DA

PDMA_BA + 0xB8

R/W

Destination Address Register of PDMA Channel 11

OXXXXX_XXXX

PDMA_DSCT11_NEXT

PDMA_BA + 0xBC

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 11

OXXXXX_XXXX

PDMA_DSCT12_CTL

PDMA_BA + 0xCO

R/W

Descriptor Table Control Register of PDMA Channel
12

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

PDMA_BA = 0x4000_8000

PDMA_DSCT12_SA PDMA BA +0xC4 |R/W |Source Address Register of PDMA Channel 12 OXXXXX_XXXX

PDMA_DSCT12_DA

PDMA_BA + 0xC8

RIW

Destination Address Register of PDMA Channel 12

OXXXXX_XXXX

PDMA_DSCT12_NEXT

PDMA_BA + 0xCC

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 12

OXXXXX_XXXX

PDMA_DSCT13_CTL

PDMA_BA + 0xDO

RIW

Descriptor Table Control Register of PDMA Channel
13

OXXXXX_XXXX

PDMA_DSCT13_SA

PDMA_BA + 0xD4

RW

Source Address Register of PDMA Channel 13

OXXXXX_XXXX

PDMA_DSCT13 DA

PDMA_BA + 0xD8

RW

Destination Address Register of PDMA Channel 13

OXXXXX_XXXX

PDMA_DSCT13_NEXT

PDMA_BA + 0xDC

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 13

OXXXXX_XXXX

PDMA_DSCT14_CTL

PDMA_BA + OxEO

RW

Descriptor Table Control Register of PDMA Channel
14

OXXXXX_XXXX

PDMA_DSCT14_SA

PDMA_BA + OxE4

RW

Source Address Register of PDMA Channel 14

OXXXXX_XXXX

PDMA_DSCT14 DA

PDMA_BA + OxE8

RW

Destination Address Register of PDMA Channel 14

OXXXXX_XXXX

PDMA_DSCT14_NEXT

PDMA_BA + OxEC

RW

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 14

OXXXXX_XXXX

PDMA_DSCT15_CTL

PDMA_BA + OxFO

R/W

Descriptor Table Control Register of PDMA Channel
15

OXXXXX_XXXX

PDMA_DSCT15_SA

PDMA_BA + OxF4

R/W

Source Address Register of PDMA Channel 15

OXXXXX_XXXX

PDMA_DSCT15_DA

PDMA_BA + OxF8

R/W

Destination Address Register of PDMA Channel 15

OXXXXX_XXXX

PDMA_DSCT15 NEXT

PDMA_BA + OxFC

R/W

First Scatter-Gather Descriptor Table Offset Address of
PDMA Channel 15

OXXXXX_XXXX

Current Scatter-Gather Descriptor Table Address of

OXXXXX_XXXX

PDMA_CURSCATO PDMA_BA + 0x100 |R PDMA Channel 0
Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT1 PDMA_BA + 0x104 |R PDMA Channel 1
PDMA_CURSCAT2 PDMA BA + 0x108 |R Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
- PDMA Channel 2
PDMA_CURSCAT3 PDMA BA + 0x10C |R Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
- PDMA Channel 3
PDMA_CURSCAT4 PDMA BA + 0x110 |R Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
- PDMA Channel 4
PDMA CURSCAT5 PDMA BA + 0x114 |R Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
— — PDMA Channel 5
Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT6 PDMA_BA + 0x118 |R PDMA Channel 6
Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT7 PDMA_BA + 0x11C |R PDMA Channel 7
PDMA_CURSCAT8 PDMA_BA +0x120 |R |current Scatter-Gather Descriptor Table Address of|XXXXX_XXXX
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Register

Offset

R/W

Description

Reset Value

PDMA Base Address:

PDMA_BA = 0x4000_8000

PDMA Channel 8

Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT9 PDMA_BA + 0x124 |R PDMA Channel 9

Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT10 PDMA_BA + 0x128 |R PDMA Channel 10

Current Scatter-Gather Descriptor Table Address of|OXXXXX_XXXX
PDMA_CURSCAT11 PDMA_BA + 0x12C |R PDMA Channel 11

Current Scatter-Gather Descriptor Table Address of[OxXXXX_XXXX
PDMA_CURSCAT12 PDMA_BA + 0x130 |R PDMA Channel 12

Current Scatter-Gather Descriptor Table Address of[OxXXXX_XXXX
PDMA_CURSCAT13 PDMA_BA + 0x134 |R PDMA Channel 13

Current Scatter-Gather Descriptor Table Address of[OxXXXX_XXXX
PDMA_CURSCAT14 PDMA_BA + 0x138 |R PDMA Channel 14

Current Scatter-Gather Descriptor Table Address of[OxXXXX_XXXX
PDMA_CURSCAT15 PDMA_BA + 0x13C |R PDMA Channel 15
PDMA_CHCTL PDMA_BA + 0x400 |R/W |PDMA Channel Control Register 0x0000_0000
PDMA_STOP PDMA_BA + 0x404 PDMA Transfer Stop Control Register 0x0000_0000
PDMA_SWREQ PDMA_BA + 0x408 PDMA Software Request Register 0x0000_0000
PDMA_TRGSTS PDMA_BA + 0x40C |R PDMA Channel Request Status Register 0x0000_0000
PDMA_PRISET PDMA_BA + 0x410 |R/W |PDMA Fixed Priority Setting Register 0x0000_0000
PDMA_PRICLR PDMA_BA + 0x414 |W PDMA Fixed Priority Clear Register 0x0000_0000
PDMA_INTEN PDMA_BA + 0x418 |R/W |PDMA Interrupt Enable Register 0x0000_0000
PDMA_INTSTS PDMA_BA + 0x41C |R/W |PDMA Interrupt Status Register 0x0000_0000
PDMA_ABTSTS PDMA_BA + 0x420 |R/W |PDMA Channel Read/Write Target Abort Flag Register |0x0000_0000
PDMA_TDSTS PDMA_BA + 0x424 |R/W |PDMA Channel Transfer Done Flag Register 0x0000_0000
PDMA_ALIGN PDMA_BA + 0x428 |R/W |PDMA Transfer Alignment Status Register 0x0000_0000
PDMA_TACTSTS PDMA_BA + 0x42C |R PDMA Transfer Active Flag Register 0x0000_0000
PDMA_TOUTPSC PDMA_BA + 0x430 |R/W |PDMA Time-out Prescaler Register 0x0000_0000
PDMA_TOUTEN PDMA_BA + 0x434 |R/W |PDMA Time-out Enable Register 0x0000_0000
PDMA_TOUTIEN PDMA_BA + 0x438 |R/W |PDMA Time-out Interrupt Enable Register 0x0000_0000
PDMA_SCATBA PDMA_BA + 0x43C |RIW zlsé\?ge?catter-Gather Descriptor Table Base Address 0x2000_0000
PDMA_TOCO_1 PDMA_BA + 0x440 |R/W |PDMA Time-out Counter Chl and ChO Register OXFFFF_FFFF
PDMA_CHRST PDMA_BA + 0x460 |R/W |PDMA Channel Reset Register 0x0000_0000
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Register Offset R/W |Description Reset Value
PDMA Base Address:

PDMA_BA = 0x4000_8000

PDMA_REQSELO_3 PDMA_BA + 0x480 |R/W |PDMA Request Source Select Register 0 0x0000_0000

PDMA_REQSEL4 7

PDMA_BA + 0x484

RIW

PDMA Request Source Select Register 1

0x0000_0000

PDMA_REQSELS_11

PDMA_BA + 0x488

R/W

PDMA Request Source Select Register 2

0x0000_0000

PDMA_REQSEL12_15

PDMA_BA + 0x48C

R/W

PDMA Request Source Select Register 3

0x0000_0000

PDMA_STCRO

PDMA_BA + 0x500

RIW

Stride Transfer Count Register of PDMA Channel 0

0x0000_0000

PDMA_ASOCRO

PDMA_BA + 0x504

RW

Address Stride Offset Register of PDMA Channel 0

0x0000_0000

PDMA_STCR1

PDMA_BA + 0x508

RW

Stride Transfer Count Register of PDMA Channel 1

0x0000_0000

PDMA_ASOCR1

PDMA_BA + 0x50C

RW

Address Stride Offset Register of PDMA Channel 1

0x0000_0000

PDMA_STCR2

PDMA_BA + 0x510

RW

Stride Transfer Count Register of PDMA Channel 2

0x0000_0000

PDMA_ASOCR2

PDMA_BA + 0x514

RW

Address Stride Offset Register of PDMA Channel 2

0x0000_0000

PDMA_STCR3

PDMA_BA + 0x518

RW

Stride Transfer Count Register of PDMA Channel 3

0x0000_0000

PDMA_ASOCR3

PDMA_BA + 0x51C

RW

Address Stride Offset Register of PDMA Channel 3

0x0000_0000

PDMA_STCR4

PDMA_BA + 0x520

RW

Stride Transfer Count Register of PDMA Channel 4

0x0000_0000

PDMA_ASOCR4

PDMA_BA + 0x524

R/W

Address Stride Offset Register of PDMA Channel 4

0x0000_0000

PDMA_STCR5

PDMA_BA + 0x528

RW

Stride Transfer Count Register of PDMA Channel 5

0x0000_0000

PDMA_ASOCR5

PDMA_BA + 0x52C

RW

Address Stride Offset Register of PDMA Channel 5

0x0000_0000

Note:

1.  Any register not listed here is reserved and must not be written. The result of a read operation on these bits is undefined.

2. The reserved register fields that listed in register addresses PDMA_BA+0x0 to PDMA_BA+0x140 must be written as 0.
Writing reserved fields with other than 0 may produce undefined results.

3. The reserved register fields that listed in register addresses greater than PDMA_BA+0x400 must be written with reset
value. Writing reserved fields with other than reset value may produce undefined results.
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