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Reference manual

The BlueNRG-LPS ARM Cortex-M0O+based

Introduction

This reference manual provides complete information on how to use the BlueNRG-LPS microcontroller memory
and peripherals.

The BlueNRG-LPS is a powerful and ultra-low-power 2.4 GHz RF transceiver with a Cortex®-MO0+ microcontroller
that can operate up to 64 MHz.

The BlueNRG-LPS is suitable to implement applications compliant with Bluetooth® Low Energy SIG specification.
The BlueNRG-LPS also supports the angle of arrival (AocA) and angle of departure (AoD) Bluetooth® Low Energy
direction-finding features by managing:

» the constant tone extension (CTE) inside a packet

» the antenna switching mechanism for both AoA and AoD.
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Documentation conventions

1 Documentation conventions

1.1 List of abbreviations for registers
The following abbreviations are used in register descriptions:

Table 1. List of abbreviations for registers

read/write (rw or R/W) Software can read and write to these bits
read-only (r or R) Software can only read these bits
write-only (w or W) Software can only write to this bit. Reading the bit returns the reset value
read/write-once (RWOnce) Software can read these bits but write is only allowed once

Software can read as well as clear this bit by writing 1. Writing ‘0’ has no effect on the bit

read/clear (rc_w1 or RWC1) value

Software can read as well as clear this bit by writing 0. Writing ‘1’ has no effect on the bit

read/clear (rc_w0 or RWCO) value

Software can read this bit. Reading this bit automatically clears it to ‘0’. Writing ‘0’ has no

read/clear by read (rc_r or RC) effect on the bit value

read/set (rs or RWS1) Software can read as well as set this bit. Writing ‘0’ has no effect on the bit value
read-only write trigger (rt_w or Software can read this bit. Writing ‘0’ or “1’ triggers an event but has no effect on the bit
RWH) value
toggle (t or RWT1) Software can only toggle this bit by writing *1°. Writing ‘0" has no effect
Reserved (Res.) Reserved bit, must be kept at reset value
1.2 Acronyms

Table 2. Acronyms

ADC Analog to digital converter
AES Advanced encryption standard hardware accelerator
AoA Angle of Arrival
AoD Angle of Departure
AHB Advanced high-performance bus
APB Advanced peripheral bus
BLE Bluetooth Low Energy (Bluetooth standard)
BOR Brown-Out Reset
BPU Breakpoint unit (ARM debug component)
CPU Central processor unit
CRC Cyclic redundancy check
CTI Cross trigger interface (ARM debug component)
DBG DeBuG
DMA Direct memory access
DMAMUX Direct memory access MUItipleXor
DWT Data watchpoint and trace (ARM debug component)
GPIO General purpose input output
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Acronyms
HSE High speed external clock oscillator
HSI High speed internal clock oscillator
HW Hardware
12C Inter integrated circuit (communication standard)
128 Inter integrated (communication standard)
IRQ Interrupt request
IT™ Instrumentation trace macrocell (ARM debug component)
IWDG Independent watchdoG
JTAG Joint test access group (test interface standard)
LDO Low-dropoutput
LP Low power
LPUART Universal asynchronous receiver transmitter (communication standard)
LSB Least significant byte
LSE Low speed external clock oscillator
LSI Low speed internal clock oscillator
MCU Micro controller unit
MPU Memory protection unit
MR_BLE Radio sub-system
MSB Most significant byte
NVIC Nested vector interrupt controller
OBL Option byte loading
0SC Oscillator
OoTP One time programmable
PDR Power-down reset
PDM Pulse density modulation
PKA Public key accelerator
PLL Phase locked loop
POR Power-on reset
PVD Programmable voltage detector
PVM Peripheral voltage monitoring
PWR Power controller
RC Resistor capacitor oscillator
RCC Reset and clock controller
RF Radio frequency
RNG True random number Generator
ROM Read-only memory
RTC Real-time clock
SMPS Switch mode power supply
SPI Serial peripheral interface (communication standard)
SRAM Static random access memory
SW Software

RMO0491 - Rev 1 page 3/579



m RM0491

Acronyms
SWD Single-wire debug
SWJ-DP Single-wire joint test access group - debug port (ARM debug component)
SYSCFG System configuration
TIM Timer
USART Universal synchronous asynchronous receiver transmitter (communication standard)
VCO Voltage controlled oscillator
VREF Voltage reference
WEFI Wait for instruction (ARM instruction entering low-power mode)
WKUP Wakeup
WRP Write protection
WWDG Window watchdog
Note: For information about MR_BLE/Radio sub-system refer to "The BlueNRG-LPS Radio IP" Reference Manual.
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System and memory overview

2 System and memory overview

2.1 System architecture
The main system consists of a 32-bit multilayer AHB bus matrix that interconnects:
. Three masters:
—  CPU (Cortex®-M0+) core S-bus
- DMA
— Radio system
. Seven slaves:
- Internal Flash memory on CPU (Cortex®-M0+) S bus
—  Internal SRAMO (12 kB)
— Internal SRAM1 (12 kB)
—  APBO peripherals (through an AHB to APB bridge)
—  APBH1 peripherals (through an AHB to APB bridge)
—  AHBO peripherals
—  AHBREF including AHB to APB bridge and radio peripherals (connected to APB2)

The bus matrix provides access from a master to a slave, enabling concurrent access and efficient operation even
when several high-speed peripherals work simultaneously. This architecture is shown in Figure 1. BlueNRG-LPS
system architecture.

The system consists of a Cortex®-M0+ “Radio protocol and application” processor with its radio sub-system.
There is a single Flash memory to be used by the CPU for both Bluetooth protocol and application management.
The peripherals are located on the different system buses (AHB, APBO, APB1, APB2 for the radio system). There

are 2 SRAM banks, an SRAMO always power supplied and SRAM1 that can be programmed to be always on or
switchable. For more information see Section 5.6.2 Control register 2 (PWRC_CR2).

Figure 1. BlueNRG-LPS system architecture

F1 =64 Mne (rurers)

F2 =32 Mhz

Fa=16Mhz

[cmemm] [ DMAJ

2 e
2 2
© ©
S 8 N
I SO I I S1 I Flash FLASHO
Controller 192kB
o AHB_FLASHO | J
0x1004_0000 - 0x1006_FFFF
- ~
= AHB_SRAMO RAMOITF . SRAMO
0x2000_0000 - 0x2000_2FFF )
— s 2
« | AHB_SRAM1 SRAMT
g RAMAITE A
0x2000_3000- 0x2000_5FFF L )
| AHB_APBO - N
= APBO APBO APBO
0x4000_0000- 0x4001_FFFF ot RTC2/IWDG/SYSCFG/TIM2/TIMA6/TIM17/
9 FLASH_CTRL
_ Y,
o— < | AHB_APBI1 - 4
= [5x4100_0000- 0x4101_FFFF E‘:_i:%; APB1 12C1/SPI3/USART/LPUART/ADC
o | AHB_AHBO . y,
= ['0x4800_0000- Ox5FFF_FFFF | AHBO( AHBO
CRC/RNG/PKA/DMA/DMAMUX/
L GPIOA/GPIOB/RCC/PWRC
AHB_AHBRF
e 0x6000_0000 - 0x6001_FFF
AHB Bus matrix Radio Ctrl/Wakeup/RRM
\ J
MR_BLE_5-1 Controller ]

RMO0491 - Rev 1 page 5/579



‘W RM0491

Memory organization

211 S0: CPU (Cortex®-M0+) S-bus

This bus connects the system bus of the CPU core to the BusMatrix. This bus is used by the core to fetch
instructions, for literal load and debug access, and access data located in a peripheral or SRAM area. The targets
of this bus are all the possible peripherals (the internal Flash and SRAM memories, the AHBO, APBO, APB1 and
APB2 peripherals).

21.2 S1: DMA-bus

This bus connects the AHB master interface of the DMA to the BusMatrix. The targets of this bus are the two
banks of SRAM, the APBO and APB1 peripheral.

21.3 S$2: radio system-bus

This bus connects the AHB master interface of the radio system to the BusMatrix. The targets of this bus are the
two banks of SRAM and the APB2 peripherals (internal APB blocks of the MR_BLE/Radio sub-system IP).

21.4 BusMatrix

The BusMatrix manages the access arbitration between masters. The arbitration uses a "Round Robin" algorithm.
The BusMatrix is composed of three masters (CPU, DMA1-bus and radio system-bus) and seven slaves (FLASH,
SRAMO, SRAM1, APBO and APB1, AHBO and AHBRF).

AHB/APB bridges
The two bridges AHB to APBO and AHB to ABP1 provide full synchronous connections between the AHB and the
two APB buses.

The bridge AHB to APB2 provides synchronous connections between the AHB and the APB bus. Two blocks are
added to the AHB/APB path to manage potential prescaled MR_BLE frequency versus the system frequency:

. AHB up converter is used for the MR_BLE AHB master transactions towards the SRAM
. AHB down converter is used for the CPU AHB master transactions towards the MR_BLE APB registers.

Refer to Section 2.2.2 Memory map and register boundary addresses for the address mapping of the peripherals
connected to this bridge.

After each device reset, all peripheral clocks are disabled (except for the SRAM and Flash memory interface).
Before using a peripheral the user has to enable its clock in the RCC_AHBXENR and the RCC_APBXENR
registers.

Note: When a 16- or 8-bit access is performed on an APB register, the access is transformed into a 32-bit access: the
bridge duplicates the 16- or 8-bit data to feed the 32-bit vector.

2.2 Memory organization

221 Introduction
Program memory, data memory and registers are organized within the same linear 4-Gbyte address space.

These bytes are coded in memory in Little Endian format. The lowest numbered byte in a word is considered the
word least significant byte and the highest numbered byte the most significant.
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Memory organization

Figure 2. Memory map

OxFFFF FFFF Ox8FFF FFFF_Reserved )
Resared 0x6002 0000
APB2 (RF)
OXEOOF FFFF 0x6000 0000
.
el 0xdg00 0000
0xE000 0000 0x4102 0000 Reserved (Error)
APB1
0x4100 0000
Reserved (Error) 0x4002 0000 Reserved (Error)
APBO
0x4000 0000
Ox8FFF FFFF
Ox2FFF FFFF
Reserved (Error
Peripherals (@)
0x2000 6000
SRAM1 (12kB)
0x2000 3000
SRAMO (12kB)
0x4000 0000 0x2000 0000

Reserved (Error)

Reserved (Error)
0x1006 FFFF

Ox2FFF FFFF
Main FLASH (192kB)

SRAM
0x1004 0000
0x2000 0000
Reserved Reserved
0x1006 FFFF 0x1000 0000
Reserved (Error)
CODE 0x0000 3FFF

Cortex®-M0+, Flash or
SRAMO, depending on
REMAP configuration

0x0000 0000

0x0000 0000

All the memory areas that are not allocated to on-chip memories and peripherals are considered “Reserved”.
For a detailed mapping of available memory and register areas, please refer to Section 2.2.2 Memory map and
register boundary addresses and to each peripheral register map section.
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Memory organization

222 Memory map and register boundary addresses

Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses gives the boundary addresses
of the peripherals available in the device.

Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses

m Boundary address Actual size (bytes) Peripheral Peripheral register map

0xE010 0800 - OXFFFF FFFF 255 MB Reserved
Mise 0xEO000 0000 - OXEOOF FFFF 1 MB Private peripheral bus | Cortex-MO0+ registers (interrupt controller, SysTick, etc.)
0x6000 1800 - 0x6000 1BFF 1 kB WAKEUP Wakeup registers of the MR_BLE
0x6000 1500 - 0x6000 17FF Radio registers Radio registers through APB direct access
APB2 | 0x6000 1400 - 0x6000 14FF 18 RRM RRM registers of the MR_BLE
0x6000 1000 - 0x6000 13FF 1 kB RADIO_CTRL Radio controller registers of the MR_BLE
0x6000 0000 - 0x6000 O0FF 256 B BLE BLE link layer registers of the MR_BLE
0x4880 0000 - 0x4880 03FF 1kB DMAMUX See Section 11.6 DMAMUX register map
0x4870 0000 - 0x4870 O0FF 256 B DMA slave See Section 10.5 DMA register map
0x4860 0000 - 0x4860 OFFC 1kB RNG See Section 14.2 RNG register description
0x4850 0000 - 0x4850 03FF 1kB PWRC See Table 11. PWRC register map
0x4840 0000 - 0x4840 03FF 1kB RCC See Section 6.7 RCC register map
AHBO 0x4830 0400 - 0x4830 13FF 4 kB PKA RAM
See Section 13.6.4 PKA RAM memory
0x4830 0000 - 0x4830 03FF 1kB PKA slave
0x4820 0000 - 0x4820 03FF 1kB CRC See Section 15.5 CRC register map
0x4810 0000 - 0x4810 O3FF 1kB GPIOB See Table 17. GPIO register map and reset values
0x4800 0000 - 0x4800 03FF 1 kB GPIOA See Table 17. GPIO register map and reset values
0x4100 7000 - 0x4100 73FF 1 kB SPI3 See Section 24.10 SPI/I2S register map
0x4100 6000 - 0x4100 60FF 256 B ADC See Section 15.5 CRC register map
0x4100 5000 - 0x4100 53FF 1 kB LPUART See Section 23.6 LPUART register map
0x4100 4000 - 0x4100 43FF 1 kB USART See Section 22.8 USART register map
0x4100 3000 - 0x4100 33FF 1kB Reserved
APBI 0x4100 2000 - 0x4100 23FF 1kB Reserved
0x4100 1000 - 0x4100 13FF 1kB Reserved
0x4100 0000 - 0x4100 03FF 1 kB 12C1 See Section 21.7 12C register map
0x4000 6000 - 0x4000 63FF 1kB TIM17
See Section 17.4.19 TIM16/17 register map
0x4000 5000 - 0x4000 53FF 1kB TIM16
0x4000 4000 - 0x4000 43FF 1kB RTC See Section 19.7 RTC register map
0x4000 3000 - 0x4000 33FF 1 kB IWDG See Section 20.5 IWDG register map
APBO | 0x4000 2000 - 0x4000 23FF 1kB TIM2 See Section 16.5 TIM2 register map
0x4000 1000 - 0x4000 1FFF 4 kB FLASH_CTRL See Section 9 Embedded Flash memory
0x4000 0000 - 0x4000 003F 64 B SYSTEM_CTRL See Table 18. SYSCFG register map and reset values
0x2000 CO000 - 0x2000 FFFF 16 kB Reserved
0x2000 8000 - 0x2000 BFFF 16 kB Reserved
SRAM
0x2000 3000 - 0x2000 5FFF 12 kB SRAM1
0x2000 0000 - 0x2000 2FFF 12 kB SRAMO
Flash = 0x1004 0000 - 0x1006 FFFF 192 kB Main Flash
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ARM® Cortex®-M0+

m Boundary address Actual size (bytes) Peripheral Peripheral register map

OTP | 0x1000 1800 - 0x1000 1BFF 1 kB OTP area
Boot!!) | 0x0000 0000 - 0x0000 3FFF 16 kB CPU boot area Mirroring of Flash or SRAMO

1. This area is a mirroring area. The CPU accesses are redirected to other memory map depending on REMAP bits located in the Flash
controller CONFIG register. See Table 4. Address remapping depending on REMAP bit for remapping detail.

Table 4. Address remapping depending on REMAP bit

0 Main Flash
1 SRAMO
2.3 ARM® Cortex®-M0+

The ARM® Cortex®-MO0+ processor was developed to provide a low-cost platform that meets the needs of MCU
implementation, with a reduced pin count and low-power consumption, while delivering outstanding computational
performance and an advanced response to interrupts.

The embedded Cortex-M0+ embeds:

. four breakpoints

. two watchpoints

. an MPU (memory protection unit) providing eight unified protection regions

. a SysTick running only with the system clock (external clock option not supported).

2.31 CPU memory remap

Following a CPU boot, the application software can modify the memory map at address 0x0000 0000. This
modification is performed by programming the REMAP bit in the Flash controller (see Table 4. Address remapping
depending on REMAP bit).

The following memory can be remapped:

. Main Flash memory

. SRAMO memory

Embedded bootloader

ST provides a bootloader executed after each CPU reboot. This bootloader has its own documentation.
Note: The BlueNRG-LPS device latches the PA8/PA9 /PA10/PA11/PB12/PB13/PB14/PB15 pads value

at POR. The information is available in the PWRC_SR2 register (see Section 5.6.6 Status register 2

(PWRC_SR2) ). One of those eight I/Os can be used by the bootloader as boot indication between a normal
boot or a boot on the serial interface.

2.3.2 Interrupts

Interrupts are handled by the Cortex-M0+ nested vector interrupt controller (NVIC). The NVIC controls specific
Cortex-MO0+ interrupts (address 0x00 to 0x3C) as well as 32 user interrupts (address 0x40 to 0xBC). In the
BlueNRG-LPS device, the user interrupts have been connected to the interrupt signals of the different peripherals
(GPIO, Flash controller, timers, UART,...). These interrupts can be controlled using the ISER, ICER, ISPR and
ICOR registers.

Vector table

On reset, the Cortex-M0+ vector table is fixed at address 0x0000_0000. The software may relocate the vector
table address to a different memory location, in a range 0x0000_0000 to OxFFFF_FF80 in multiples of 256 bytes
through the vector table offset register (VTOR) located in the Cortex-MO0+ registers area.

The interrupt mapping for the vector table of the BlueNRG-LPS device is described in Table 5. Interrupt vectors.
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ARM® Cortex®-M0+

Table 5. Interrupt vectors

Initial main SP

0x0000_0000

- -3 Fixed Reset Reset_Handler 0x0000_0004
- -2 Fixed NmiSR NMI_Handler 0x0000_0008
- -1 Fixed FaultiISR HardFault_Handler 0x0000_000C
- - Reserved Reserved Reserved 0x0000_000C - 0x0000_0038
- 6 Settable SysTick System tick timer 0x0000_003C
0 Init 0 Settable NVM Non-volatile memory (Flash) controller 0x0000_0040
1 Init 0 Settable RCC Reset and clock controller 0x0000_0044
2 Init 0 Settable BATTERY PVD 0x0000_0048
3 Init 0 Settable 12C1 12C1 interrupt 0x0000_004C
4 Init 0 Settable Reserved Reserved 0x0000_0050
5 Init 0 Settable Reserved Reserved 0x0000_0054
6 Init 0 Settable Reserved Reserved 0x0000_0058
7 Init 0 Settable SPI3 SPI3 interrupt 0x0000_005C
8 Init 0 Settable USART USART interrupt 0x0000_0060
9 Init 0 Settable LPUART LPUART interrupt 0x0000_0064
10 Init 0 Settable TIM2 TIM2 interrupt 0x0000_0068
11 Init 0 Settable RTC RTC interrupt 0x0000_006C
12 Init 0 Settable Reserved Reserved 0x0000_0070
12 Init 0 Settable ADC ADC interrupt 0x0000_0070
13 Init 0 Settable PKA PKA interrupt 0x0000_0074
14 Init 0 Settable Reserved Reserved 0x0000_0078
15 Init 0 Settable GPIOA GPIOA interrupt 0x0000_007C
16 Init 0 Settable GPIOB GPIOB interrupt 0x0000_0080
17 Init 0 Settable DMA DMA interrupt 0x0000_0084
18 Init 0 Settable BLE_TXRX (") BLE end of transfer interrupt 0x0000_0088
19 Init 0 Settable Reserved'") Reserved 0x0000_008C
20 Init 0 Settable Reserved'") Reserved 0x0000_0090
21 Init 0 Settable RADI(()r)CTRL Radio control slow clock measurement interrupt 0x0000_0094
22 Init 0 Settable MR_BLE (") RRM and radio FSM interrupt 0x0000_0098
23 Init 0 Settable CPU—(Y)VKUP CPU wake-up interrupt 0x0000_009C
24 Init 0 Settable BLE_WKUP () BLE wake-up interrupt 0x0000_00A0
25 Init 0 Settable BLE_SEQ BLE RX/TX sequence interrupt 0x0000_00A4
26 Init 0 Settable TIM16 TIM16 interrupt 0x0000_00A8
27 Init 0 Settable TIM17 TIM17 interrupt 0x0000_00AC
28-31 Init 0 Settable Reserved Reserved 0x0600_00B0

0x0000_00BC

1. Some specific care is needed at SW level to clear the interrupt: see Warning for interrupt clearance when system clock is faster than
MR_BLE clock.
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ARM® Cortex®-MO0+

Priority level is set to 0 after reset, each interrupt can be programmed with 4 higher priorities.

Interrupt activation sequence

Safely activating a peripheral interrupt requires the following steps:

. make sure the interrupt is disabled and cleared on the peripheral side (this prevents receiving an interrupt
due to a previous event)

. clear pending requests for this interrupt on the Cortex-MO0+ side using the NVIC ICPR register
. set the priority using the NVIC IPRO-IPR7 registers

. activate on the Cortex-MO+ side using the NVIC ISER register

. activate on the peripheral side.

Note that most peripherals require clearing interrupt requests on the peripheral side when handling interrupt
service requests to prevent triggering continuous interrupts for the same event.

For more details on the Cortex-M0+ exception model, see “ARMv6-M Architecture Reference Manual”, §B1.5.

For more details on the Cortex-M0+ NVIC behavior and registers, see “ARMv6-M Architecture Reference
Manual”, §B3.4.
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AHB up/down converter

3 AHB up/down converter

The BlueNRG-LPS device can support several system clock frequencies from 1 MHz to 64 MHz.

The MR_BLE/Radio sub-system IP does not need more than 32 MHz to achieve the processing of the radio
transfers while the system (CPU, DMA, memories) may require higher performance for application purpose.

To avoid useless overconsumption, AHB up/down converter block has been added to introduce an adjustable
divider by one, two or four on AHB and APB bus of the MR_BLE (linked to AHBRF / APB2 bridge) versus the
system bus matrix frequency. This block allows dividing by one, two or four the system clock for the MR_BLE IP of
the device.

When the system and the MR_BLE share the same frequency, the AHB up/down converter block only transfers
the AHB signals from one clock domain to the other.

Note: The system clock must be at 16/32/64 MHz and always equal or faster than MR_BLE clock when radio is used
(no other frequencies).

3.1 AHB up/down converter description
The AHB up/down converter role is to allow BlueNRG-LPS device to support a fast system clock (up to 64 MHz).
The AHBUPCONYV block manages:

. proper on-the-fly (up-to-down and down-to-up) frequency switching by safely updating the ratio (one, two,
four) between the system and the MR_BLE IP frequencies.

. AHB and APB data transfer between MR_BLE running at the same frequency or half or quarter of the
frequency of the rest of the system (AHB and APB) that may run up to 32 MHz.

Figure 3. AHB up/down converter
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APB/AHB |« > ax/ 2{(/ 1x < » AHB master output
|

The management of data transfer versus clock domain and possible clock switch request is done using state
machines:

. one for the AHB master up converter
. one for the AHB slave down converter

When a CPU/system clock frequency switch is needed (activate or deactivate the divider by two between
the system and the MR_BLE), the user must request the new system clock targeted frequency in the
RCC_CSCMDR.REQUEST bit (see Section 6.6.5 Clock switch command register (RCC_CSCMDR) for details).
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AHB up/down converter description

When receiving a new divider ratio to apply (from the RCC), the AHBUPCONYV block:

. Informs the AHBDOWNCONYV block (managing the APB transfer from the CPU to the MR_BLE APB
registers)
. Checks the traffic on the AHB bus between MR_BLE and CPU:
— if no transfer is on-going, it uses the HREADY signal on the bus to hold any potential transaction that
could occur during the clock frequency switch
Note: To respect the AHB lite protocol, the HREADY signal is fallen down only after the address phase of a new
transfer, the new transfer phase data being stored internally in the converter.
- If an AHB transfer is on-going, it waits until the current AHB transfer ends and then holds the AHB
traffic as explained above.

. In parallel, the AHBDOWNCONYV block does the same action to hold any new transfer on the slave path of
the data path (CPU access to MR_BLE APB registers).

. Once the AHBUPCONYV block has held its AHB line and has the confirmation from the AHBDOWNCONYV,
the other AHB2APB data path is also safely held; it allows the RCC block to change the system clock
frequency to the requested one.

. When the new system clock frequency is stable, the RCC informs the AHBUPCONV it is done. Then:
—  the AHBUPCONYV releases the AHB transfers
—  the AHBUPCONYV informs the AHBDOWNCONYV that it can also release the AHB/APB transfers.

RM0491 - Rev 1 page 13/579



m RM0491

1/0 operating modes

4 I/0 operating modes

The BlueNRG-LPS device proposes up to 20 programmable 1/Os (on all packages).
Each 1/0 can be programmed in several modes:

. Input mode

. General purpose output mode

. Alternate function

. Analog mode (when available Table 8. /O analog feature mapping )

The BlueNRG-LPS device supports six alternate modes called AFx (x = 0 to 4 and 6). The configuration of
each 1/O for those alternate modes is detailed in Table 6. GPIO alternate options AF0, AF1 and AF2 modes and
Table 7. GPIOs AF3, AF4 and AF6 modes .

Note: I/Os features presented in Table 6. GPIO alternate options AF0, AF1 and AF2 modes and Table 7. GPIOs AF3,
AF4 and AF6 modes are valid only when the associated I/O is programmed as alternate function.
Refer to Section 7 General-purpose 1/0 (GPIO) for more details on all configurations.

The number of 1/Os available in the BlueNRG-LPS device depends on the package:
. 20 1/0s in QFN32

. 20 I/Os in WLCSP36

Type acronyms correspond to:

. I: input

. O: output

. 1/0: input output

. OD: open drain
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1/0 operating modes

Table 6. GPIO alternate options AF0, AF1 and AF2 modes

AF0 mode AF1 mode AF2 mode

L wee | sanal | e | signal ] e | Sigmal

Port A
PAO" 1/0D 12C1_SCL | USART_CTS (0] IR_OUT
PA1() 1/0D 12C1_SDA (6] IR_OUT /0D USART_TX
PA2 1/0 SWDIO 1/0 USART_CK - -
PA3 | SWCLK O USART_RTS_DE - -
PA8 110 USART_RX (6] RTC_OUT (6] RX_SEQUENCE
PA9 110 USART_TX - - (6] RTC_OUT
PA10 - - | LPUART_CTS (6] TX_SEQUENCE
PA11 (0] MCO - - (0] RX_SEQUENCE
Port B
PB0O /0 USART_RX (0] LPUART_RTS_DE 110 TIM16_CH1
PB1 1/0 USART_CK - - O TIM16_CH1N
PB2 (0] USART_RTS_DE - - 1/0 TIM16_BRK
PB3 | USART_CTS 110 LPUART_TX 110 TIM17_CH1
PB4 110 LPUART_TX - - (6] TIM17_CH1N
PB5 110 LPUART_RX - - 110 TIM17_BRK
PB6" 1/10D 12C1_SCL - - 110 TIM17_CH1
PB7() I/OD 12C1_SDA - - [ USART_CTS
PB12© - - O LCO | LPUART_CTS
PB130) - - - - - -
PB14 1/0 12C1_SMBA O TX_SEQUENCE TIM2_ETR
PB15 - - - - - -

1. This I/O is able to be configured in open-drain.
2. This I/O is shared with OSC32_OUT (low speed clock oscillator pin).
3. This I/O is shared with OSC32_IN (low speed clock oscillator pin).
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1/0 operating modes

Table 7. GPIOs AF3, AF4 and AF6 modes

AF3 mode AF4 mode AF6 mode

e | sanal | Tyee | signal | Type | Signal |

Port A
PAO(") | - 110 TIM2_CH3 - -
PA1(") 1/0 TIM2_CH4 - -
PA2 O SPI3_MCK 110 TIM2_CH1 110 TIM16_CH1
PA3 110 SPI3_SCK 110 TIM2_CH2 O TIM16_CH1N
PA8 110 SPI3_MISO 110 TIM2_CH3 110 TIM16_BRK
PA9 110 SPI3_NSS 110 TIM2_CH4 1/10 TIM17_CH1
PA10 0 SPI3_MCK - - O TIM17_CH1N
PA11 I/0 SPI3_MOSI - - 110 TIM17_BRK
Port B
PBO - - - - 0 ANT_ID[0]
PB1 I TIM2_ETR - - 0 ANT_ID[1]
PB2 110 TIM2_CH3 - - 0 ANT_ID[2]
PB3 110 TIM2_CH4 110 SPI3_SCK O ANT_ID[3]
PB4 - - 110 TIM2_CH1 0 ANT_ID[4]
PB5 - - 110 TIM2_CH2 0 ANT_ID[5]
PB6(") I/0 LPUART_TX 110 TIM2_CH1 0 ANT_ID[6]
PB7" I/0 LPUART_RX 1/0 TIM2_CH2 O RXACTIVITY
PB12? - - 1/0 TIM2_CH3 - -
PB13¢) - - 1/0 TIM2_CH4 - -
PB14 O MCO - - 110 USART_RX
PB15 - - - - 110 USART_TX

1. This I/O is able to be configured in open-drain.
2. This I/O is shared with OSC32_OUT (low speed clock oscillator pin).
3. This I/O is shared with OSC32_IN (low speed clock oscillator pin).

Note: Concerning the ADC block present in the BlueNRG-LPS device:
. The eight ADC channels are available on PA2, PA3, PBO, PB1, PB2, PB3, PB4, PB5

The ADC features on those pins are available if the associated pin is configured in analog mode (see
Section 7 General-purpose I/O (GPIO) for more details)

The Table 8. /O analog feature mapping shows the mapping associated to analog configuration (for pins which
can support analog mode).
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Table 8. 1/0 analog feature mapping

m Analog feature m Analog feature Parallel analog feature

Port A Port B
PAO N/A™ PBO ADC_VINM1 N/A™
PA1 N/A™ PB1 ADC_VINP1 N/A()
PA2 ADC_VINM2 PB2 ADC_VINMO N/A™)
PA3 ADC_VINP2 PB3 ADC_VINPO N/AM)
PA8 N/A( PB4 ADC_VINM3 N/AM)
PA9 N/A™) PB5 ADC_VINP3 N/A™)
PA10 N/A PB6 N/A™) N/A(
PA11 N/A() PB7 N/A() N/A
- - PB12 N/A™ SXTALO
- - PB13 N/A) SXTALI
- - PB14 N/A PVD input voltage
- - PB15 N/A™ N/A

1. N/A means not applicable as the associated I/O does not support analog option.

Table 9. 1/0 additional function mapping

Port A Port B
PAO Wakeup PBO Wakeup
PA1 Wakeup PB1 Wakeup
PA2 Wakeup PB2 Wakeup
PA3 Wakeup PB3 Wakeup
PA8 Wakeup PB4 Wakeup
PA9 Wakeup PB5 Wakeup
PA10 Wakeup, LCO PB6 Wakeup
PA11 Wakeup PB7 Wakeup
- - PB12 Wakeup, SXTALO ()
- - PB13 Wakeup, SXTALI ()
- - PB14 Wakeup
- - PB15 Wakeup

1. The additional functions for LSE oscillator are obtained by setting the RCC_CR.LSEON bit in the RCC registers. Then the
PB12 and PB13 are forced by hardware to manage the LSE through SXTALO/SXTALI whatever the selected mode in the
associated GPIOx_MODER register, but if PWRC_CR1.APC bit is set, it is necessary to disable PUB12, PUB13, PDB12,
PDB13 in PWRC registers.

Note: For the additional functions like Wakeup I/O, LSE oscillator, LCO configure the required function in the related

PWRC, RCC, RTC registers. These functions have priority over the configuration in the standard GPIO
registers.
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5 Power controller (PWRC)

The power controller block controls the analog supplies block and manages the startup, active and low-power
phase of the device including the transition from one state to another.

5.1 Features
The power controller block supports the following features:
. Low-power mode choice and entry/exit sequences
. Flash memory power (ON/OFF) and the power-down sequence
. RAM banks retention control
. Power monitoring:
—  POR/PDR reset on rising/falling VDDIO voltage

—  Programmable voltage detector (PVD) monitoring of the VDDIO with programmable threshold or of an
external analog input voltage (compared to the internal VBGP)

. 1/Os pull-up/down during low-power mode
. Wake-up 1/O configuration.

5.2 Power supply domains
The BlueNRG-LPS device embeds three power domains:
. VDD33 aka VDDIO or VDD:
—  the voltage range is between 1.7 V and 3.6 V,

— it supplies a part of the I/O ring, the embedded regulators and the system analog IPs such as power
management block and embedded oscillators

. VDD12o0:
—  always-on digital power domain
—  this domain is generally supplied at 1.2 V during active phase of the device
—  this domain is supplied at 1.0 V during low-power mode (DEEPSTOP)
. VDD12i:
— interruptible digital power domain
—  this domain is generally supplied at 1.2 V during active phase of the device
—  this domain is shut down during low-power mode (DEEPSTOP)
The digital power supplies are provided by different regulators:
— amain LDO(MLDO):
° providing the 1.2 V from a 1.4-3.3 V input voltage
° supplies both VDD12i and VDD120 when the device is active
° is disabled during the low-power mode (DEEPSTOP)
—  alow-power LDO(LPREG):
° stays enabled during both active and low-power phases
° provides a 1.0 V voltage
° is not connected to the digital domain when the device is active
° is connected to the VDD120 domain during low-power mode (DEEPSTOP)
— adedicated LDO (RFLDO) to provide a 1.2 V to the analog RF block.
An embedded SMPS step-down converter is available (inserted between the external power and the LDOs).

Figure 4. Power supply domain overview shows an overview of the different regulators and connections
between the power supply domains.
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Figure 4. Power supply domain overview
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5.3 Power voltage supervisor

The BlueNRG-LPS devices embed several power voltage monitorings:
. Power-on reset (POR) / power-down reset (PDR) / Brownout Reset (BOR)
. Power voltage detector (PVD)

5.31 Power-on reset POR / power-down reset (PDR) / Brownout Reset (BOR)
The device has an integrated power-on reset / power-down reset, coupled with a Brownout Reset circuitry.
During the power-on, the device remains in reset mode as long as Vpp|o is below a VpoR threshold (typically 1.60
V).
During power-down, the PDR puts the device under reset when the supply voltage (VDD) drops below the Vppr
threshold (around 20 mV below VpoR). The PDR feature is always enabled.

Figure 5. Power-on reset/power-down reset waveform
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With typical values as follows:
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M VPOR: 1.60V

. Hysteresis: 20 mV (so Vppgr: 1.58 V)

. TTEMPO: 600 us

The Brownout Reset (BOR) generates a device reset when the power supply (VDD) drops under VppR.

This feature is always active except during shutdown mode where the software can decide to enable it or not
(through PWRC_CR1.ENSDNBOR bit).

5.3.2 Power voltage detection (PVD)

The PVD can be used to monitor:

. the VDDIO:
— an external analog signal is compared to an internal VBGP (at 1.0 V) voltage
—  the feature is selected through PWRC_CR2.PVDLS[2:0] bit field

. an external analog input signal:
— an external analog signal is compared to an internal VBGP (at 1.0 V) voltage
—  the feature is selected through PWRC_CR2.PVDLS[2:0] bit field

The PVD can be enabled or disabled through the PWRC_CR2.PVDE bit.

When the feature is enabled and the PVD measures a voltage below the comparator, a status flag is raised in
the SYSCFG block that can generate an interrupt to the CPU if unmasked (see Section 8.2.10 Power controller
interrupt status and clear register (PWRC_ISCR)).

5.4 Operating modes
The BlueNRG-LPS supports 3 main operating modes:
. RUN mode
. DEEPSTOP mode
. SHUTDOWN mode
The transition from one mode to another is managed through a PMU state machine.

5.4.1 RUN mode
In RUN mode:
. both regulators (MLDO and LPREG) are enabled
. MLDO provides the power supply for both VDD12i and VDD120
. System clock and bus clock are running
. the CPU and the radio can be used

The power consumption may be reduced by gating the clock of the unused peripherals through the RCC clock
enable registers (see Section 6.7 RCC register map).

Figure 6. Power regulators and SMPS configuration in RUN mode shows the regulators and SMPS configuration
in RUN mode with a product with only 24 kB of RAM.
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Figure 6. Power regulators and SMPS configuration in RUN mode
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5.4.2 DEEPSTOP mode
The DEEPSTORP is the only low-power mode of the BlueNRG-LPS in order to restart from a saved context
environment and go on running the application at wakeup.
The conditions to enter DEEPSTOP mode are:
. Radio (MR_BLE) is sleeping
. CPU is sleeping (WFI with SLEEPDEEP information active)
. No unmasked wake-up sources are active (including those from a previous wake-up sequence for which the
software did not clear the associated flag after wakeup)
. System is clocked on RC64MPLL (HSI or pll locked mode)
. PWRC_CR1.LPMS bit is equal to 0
. Set GPIORET bit to enable GPIOs configuration retention for all I/0s (If DEEPSTOP2 bit is set, GPIORET
must be reset, because SWJTAG must be available).
Note: If the MR_BLE is not used at all by the SoC (or not yet started), the following steps need to be performed after

any reset to allow low-power modes (DEEPSTOP and SHUTDOWN):
. Enable the MR_BLE clock by setting the RCC_APB2ENR.MRBLEEN bit

. Set the BLUE_SLEEP REQUEST_MODE.FORCE_SLEEPING bit inside the wake-up block of the
MR_BLE to have the MR_BLE IP requesting low-power mode to the SoC

. Gate again the MR_BLE clock by clearing the RCC_APB2ENR.MRBLEEN bit
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In DEEPSTOP mode:

. the system and bus clocks are stopped as the RC64MPLL block is OFF
. the VDD12i power domain is switched off

. the VDDI20 power domain is ON and supplied at 1.0 V

. the RAMO bank is kept in retention

. if PWRC_CR1.APC = 1, the I/Os pull-up/down are controlled by the PWRC_PUCRx/PWRC_PDCRXx during
DEEPSTOP mode

. the other RAM banks are in retention or not, depending on software choice in PWRC_CR?2 register

. the slow clock can be running or stopped, depending on the software configuration present before
DEEPSTOP entry:

— ONorOFF
—  LSE or LSI source
. RTC, IWDOG and LPUART stay active (if enabled and one slow clock source is ON)
. MR_BLE wake-up block including its timer stays active (if enabled and one slow clock source is ON)
. All' I/Os configurations can be retained and are able to be configured:
- In output:
1. driving either a static low or high level if Section 7.4 GPIO registers properly programmed
2. driving the slow clock information LCO on PA10 only if LCOEN bit is set

3. driving the RTC_OUT on PAS8 only if Section 19.6.3 RTC control register (RTC_CR) properly
programmed and AF1 selected

- In input if Section 7.4 GPIO registers is properly programmed

A version of DEEPSTOP mode called DEEPSTOP2 has been implemented to emulate DEEPSTOP mode without
losing the debugger connection and breakpoints or watchpoints.

. This variant can be selected by setting the PWRC_DBGR.DEEPSTOP2 bit

. In this case, the DEEPSTOP mode sequence (entry and exit) is done without shutting down the VDD12i
power domain

Possible wake-up sources:

. the MR_BLE block is able to generate two events to wake up the system through its embedded wake-up
timer running on slow clock:
—  BLE IP wake-up time is reached

. the RTC is able to generate a wake-up event

. the IWDG is able to generate a reset event

. the LPUART is able to generate a wakeup event

. All I/Os are able to wake up the system.

After wakeup from DEEPSTORP, all the I/Os are in retention mode (except PA2 and PA3 in order to have SWD
available again); if DBGRET bit was set, before entering DEEPSTOP mode, then at wakeup also PA2 and PA3
are in retention mode and SWD is not available. To change I/Os configuration, when exiting DEEPSTORP, it is
necessary to reset GPIORET bit after having re-configured GPIO registers through Section 7.4 GPIO registers
(this GPIO configuration can be the same before entering DEESPTOP, or a new one). At wakeup, the hardware
resources located in the VDD12i power domain are reset, the CPU reboots. The wakeup reason is visible in a
PWRC register (see Section 5.6.5 Status register 1 (PWRC_SR1) for details).

Figure 7. Power regulators and SMPS configuration in DEEPSTOP mode shows the regulators and SMPS
configuration in DEEPSTOP mode, with a configuration requesting retention only on RAMO and RAM1 banks.
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Figure 7. Power regulators and SMPS configuration in DEEPSTOP mode
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5.4.3 SHUTDOWN mode

SHUTDOWN mode is the least power consuming mode.

The conditions to enter SHUTDOWN mode are the same conditions needed to enter DEEPSTOP mode except
that the PWRC_CR1.LPMS bit must be equal to 1 and the PWRC_DBGR.DEEPSTOP2 bit must be maintained
equal to 0.

In SHUTDOWN mode:

. the system is powered down as both regulators are OFF (so both VDD12i and VDD120 power domains are
OFF)

. only the VDDIO power domain is ON
. all clocks are OFF (system and slow clock tree) as RC64MPLL, LS| and LSE are OFF,

. if PWRC_CR1.APC = 1, the I/Os pull-up/down are controlled by the PWRC_PUCRx/PWRC_PDCRx during
SHUTDOWN mode

. the only wake-up source is a low pulse on the RSTN pad

A SHUTDOWN exit is similar to a POR startup of the board. The associated reset reason is the PORRSTF flag
(see Section 6.6.14 V33 reset status register (RCC_CSR) for reset reason flag detail).

The BOR feature may be enabled or disabled during SHUTDOWN through the PWRC_CR1.ENSDNBOR bit.

Figure 8. Power regulators and SMPS configuration in SHUTDOWN mode shows the regulators and SMPS
configuration in SHUTDOWN mode, configured with the BOR reset disabled.
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Figure 8. Power regulators and SMPS configuration in SHUTDOWN mode
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54.4 Operating mode transition management

The PWRC block manages the switches from an operating mode to another through a state machine.
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Figure 9. PWRC state machine for operating modes transition
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5.5 SMPS step-down regulator
The BlueNRG-LPS SMPS is a 20 mA output step-down SMPS (switch mode power supply) converter.
The SMPS output voltage can be programmed from 1.2 V to 1.90 V. It is internally clocked at 4 MHz or 8 MHz.
The SMPS can be in different configurations:
. ON:
—  theVEggsp pin of the SMPS outputs a regulated voltage (from 1.2 V to 1.9 V)
—  the SMPS needs a clock

—  the Vgggp pin has to be forced externally with VDDIO
—  the SMPS does not need a clock

. PRECHARGE (aka BYPASS):
—  the VEggp pin outputs the VDDIO without regulation
—  the SMPS does not need a clock

—  the SMPS current can be limited programming control register 5 (PWRC_CRS5)
. OPEN:

—  the Vggsp pin is floating
- the SMPS does not need a clock

Except for the configuration SMPS OFF, an L/C BOM must be present on the board and connected to the Vrgsp
pad (see Figure 10. Power supply configuration).
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Figure 10. Power supply configuration
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The user must configure the PWRC_CR5.SMPSBOMSEL[1:0] according to the BOM implemented on their board.
The value to program is indicated in Table 10. SMPS BOM information.

Table 10. SMPS BOM information

m Inductance (L) Output capacitance (C) SMPSBOMSEL[1:0]
00

BOM1 1.5uH 2.2 uF
BOM2 2.2uH 4.7 uF 01
BOM3 10 uH 4.7 uF 10

The SMPS is managed by the PWRC through a state machine shown in Figure 11. PWRC SMPS state machine
overview.

Figure 11. PWRC SMPS state machine overview
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After a power-on reset sequence, the SMPS FSM always goes up to RUN state. From there, the SMPS FSM can
stay in three states (others are transition states):
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. RUN:
—  the SMPS is ON in a RUN mode
—  the SMPS clock is running

—  the Vgggp is regulated and voltage amplitude is the one programmed in the PWRC_CR5.SMPSLVL bit
field

—  the L/C BOM is present on the board and is connected on the VFBSD pad of the BlueNRG-LPS (see
Figure 10. Power supply configuration)

. NOSMPS (if the software configures PWRC_CR5.NOSMPS=1):
—  the SMPS is OFF
—  the SMPS clock is stopped

—  the Vgggp is directly connected to the VDDIO through the Vggsp pad of the BlueNRG-LPS (see
Figure 10. Power supply configuration)

—  the PWRC does not control any specific sequencing on the SMPS during low-power entry/exit phases
. PRECHARGE aka BYPASS (if the software configures PWRC_CR5.SMPSFBYP=1):

—  the SMPS is ON in a precharge mode

—  the SMPS clock is stopped

—  the Vgggp is the VDDIO voltage crossing the SMPS block

—  the PWRC does not control any specific sequencing on the SMPS during low-power entry/exit phases

—  this mode is compliant with an L/C BOM connected on the Veggp pad of the BlueNRG-LPS

When the device enters DEEPSTOP mode, the PWRC automatically switches the SMPS from RUN to

STOP mode which can be:

—  if PWRC_CR5.SMPSLPOPEN = 0: SMPS output is the VDDIO (as in PRECHARGE FSM state)

—  if PWRC_CR5.SMPSLPOPEN = 1: the SMPS output is floating
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5.6 PWRC register description
All PWRC APB registers are only 16-bit registers. The 16 MSB bits are always stuck to 0.

5.6.1 Control register 1 (PWRC_CR1)
This register controls the BOR in SHUTDOWN, the low-power mode selection and the 10 control owner.
Address offset: 0x00
Reset value: 0x0000 0114

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
w
> 2
= 2 o
col <| o
» » » » » » » 1) ® 1] [®) pd =z % g
Q Q Q Q o) o) o} ol Q Q o ) =)
© 4 4 4 4 ¢ @ @ © © < 4 4 2 o
I I Z
%)
2 < w
o @
rw rw rw rw rw

Bits 31:5 | Reserved, must be kept at reset value.

APC: Apply pull-up/down configuration from PWRC or GPIO register.
0: The GPIOx_PUPDR of the GPIO block are used to control the product pull-up/-down of the 10s

. 1: The PWRC_PUCRx and PWRC_PDCRXx of the PWRC block are used to control the product pull-up/down
of the 10s (default)

Bit 4

IBIAS_RUN_STATE: Enable/disable IBIAS during RUN mode when automatic mode is disabled.
Bit3 - 0: IBIAS control is disabled (default)
. 1: IBIAS control is enabled

IBIAS_RUN_AUTO: IBIAS_RUN_AUTO: Enable automatic IBIAS control during RUN or DEEPSTOP mode.
Bit2 - 0: IBIAS control is manual (and controlled by IBIAS_RUN_STATE register)
. 1: IBIAS control is automatic (default)

ENSDNBOR: Enable BOR reset supervising during SHUTDOWN mode.

. 0: No BOR is monitored during SHUTDOWN mode (default)

. 1: BOR is monitored during SHUTDOWN mode (a POR reset happens if VDDIO goes below 1.58 V during
SHUTDOWN mode)

Note: Enabling this feature prevents blocking the device if VDDIO goes below supported voltages during
SHUTDOWN. However, it adds an overconsumption.

Bit 1

LPMS: Low-power mode selection.

This bit defines whether the device enters DEEPSTOP or SHUTDOWN mode when both CPU and MR_BLE
Bit0  requests a low-power mode entry.

. 0: DEEPSTOP mode(default)

. 1: SHUTDOWN mode (PWRC_DBGR.DEEPSTOP2 bit must be kept reset)

Note: It is mandatory to ensure that PWRC_DBGR.DEEPSTORP? bit is reset when LPMS bit is set before entering in
SHUTDOWN.
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5.6.2 Control register 2 (PWRC_CR?2)
Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
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g 4 4 4 4 4 © = 4 4 s Q o) g
o & e 8
w w w w w w w

Bits 31:9 | Reserved, must be kept at reset value.

GPIORET: GPIO retention enable.
Bit8 - 0: GPIOs don't retain their configuration during and exiting DEEPSTOP (default)
. 1: GPIOs retain their configuration during and exiting DEEPSTOP

Bit7  Reserved, must be kept at reset value.
Bit 6 Reserved, must be kept at reset value.

RAMRET1: Enables the RAM1 bank retention in DEEPSTOP mode.
Bit5 |- 0: RAM1 bank is not retained during DEEPSTOP mode (default)
. 1: RAM1 bank is retained during DEEPSTOP mode

DBGRET: PA2 and PA3 retention enable after DEEPSTOP
Bit4 - 0: PA2, PA3 GPIOs don't retain their configuration exiting from DEEPSTOP (default).
. 1: PA2, PA3 GPIOs retain their configuration exiting from DEEPSTOP

PVDLS[2:0]: Programmable voltage detector level selection:
. 000: 2.04 V - the lowest level
. 001:2.22V
. 010:2.36 V
011:2.53V
. 100: 2.66 V
. 101:2.81V
. 110: 2.94 V - the highest level

. 111: External input analog voltage (compared internally to VBGP). In this case, PVDO signal is high when
external voltage is lower than VBGP

Bits 3:1

PVDE: Programmable voltage detector enable.
Bit0 - 0: The power voltage detector feature is disabled (default)
. 1: The power voltage detector feature is enabled

Note: it is mandatory to ensure GPIORET bit is set before entering DEEPSTOP unless DEEPSTOP?2 bit is set.
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5.6.3 Control register 3 (PWRC_CR3)
This register manages the selection of the wake-up sources to get out of DEEPSTOP mode.

Note: All wake-up sources are disabled by default after reset.
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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w = o o o w w i w w w w w w w
w
rw rw rw rw rw w w w rw rw rw rw rw w w rw
Bits 31:16 Reserved, must be kept at reset value.

EIWL: Enable wakeup on internal event (RTC).
Bit 15 . 0: Wakeup on internal line is disabled (default)
. 1: Wakeup on internal line is enabled

EIWL2: Enable wakeup on internal event (LPUART).

Bit 14 . 0: Wakeup on internal line is disabled (default)

. 1: Wakeup on internal line is enabled.

EWBLEHCPU: Enable wakeup on BLE Host CPU event.
Bit 13 . 0: Wakeup on BLE Host CPU line is disabled (default)

. 1: Wakeup on BLE Host CPU line is enabled

EWBLE: Enable wakeup on BLE event.
Bit 12 . 0: Wakeup on BLE line is disabled(default)
. 1: Wakeup on BLE line is enabled

EWU11: Enable wakeup on PA11 I/O event.
Bit 11 . 0: Wakeup on PA11 1/O line is disabled (default)
. 1: Wakeup on PA11 I/O line is enabled

EWU10: Enable wakeup on PA10 I/O event.
Bit 10 . 0: Wakeup on PA10 1/O line is disabled (default)
. 1: Wakeup on PA10 I/O line is enabled

EWU9: Enable wakeup on PA9 I/O event.
Bit 9 . 0: Wakeup on PA9 /O line is disabled (default)
. 1: Wakeup on PA9 I/O line is enabled

EWUS: Enable wakeup on PA8 I/O event.
Bit 8 . 0: Wakeup on PA8 I/O line is disabled (default)
. 1: Wakeup on PA8 I/O line is enabled

EWU7: Enable wakeup on PB7 1/O event.
Bit 7 . 0: Wakeup on PB7 /O line is disabled (default)
. 1: Wakeup on PB7 I/O line is enabled

EWUG: Enable wakeup on PB6 1/O event.
Bit 6 . 0: Wakeup on PB6 /O line is disabled (default)
. 1: Wakeup on PB6 I/O line is enabled

Bit 5 EWUS5: Enable wakeup on PB5 I/O event.
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. 0: Wakeup on PB5 /O line is disabled (default)
. 1: Wakeup on PB5 I/O line is enabled
EWU4: Enable wakeup on PB4 1/O event.

Bit 4 . 0: Wakeup on PB4 /O line is disabled (default)
. 1: Wakeup on PB4 I/O line is enabled

EWU3: Enable wakeup on PB3 1/O event.

Bit 3 . 0: Wakeup on PB3 /O line is disabled (default)
. 1: Wakeup on PB3 I/O line is enabled
EWU2: Enable wakeup on PB2 I/O event.

Bit 2 . 0: Wakeup on PB2 /O line is disabled (default)
. 1: Wakeup on PB2 I/O line is enabled
EWU1: Enable wakeup on PB1 1/O event.

Bit 1 . 0: Wakeup on PB1 /O line is disabled (default)
. 1: Wakeup on PB1 I/O line is enabled
EWUO: Enable wakeup on PBO I/O event.

Bit 0 . 0: Wakeup on PBO /O line is disabled (default)
. 1: Wakeup on PBO I/O line is enabled
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5.6.4 Control register 4 (PWRC_CR4)

This register manages the polarity for the 1/0s wake-up sources to get out of DEEPSTOP mode.
Note: The wake-up events are edge detection only, not level detection.

Address offset: 0x0C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res.  Res. Res. Res.
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. WUP11 WUP10 WUP9 WUP8 WUP7 WUP6 WUP5 WUP4 WUP3 WUP2 WUP1 WUPO

w rw w w rw rw rw w w w w w
Bits 31:12 Reserved, must be kept at reset value.

WUP11: Wake-up polarity for PA11 1/O.

Bit 11 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP10: Wake-up polarity for PA10 1/O.

Bit 10 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP9: Wake-up polarity for PA9 10 event.

Bit 9 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP8: Wake-up polarity for PA8 10 event.

Bit 8 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUPT7: Wake-up polarity for PB7 IO event.

Bit 7 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP6: Wake-up polarity for PB6 10 event.

Bit 6 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUPS5: Wake-up polarity for PB5 10 event.

Bit 5 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP4: Wakeup polarity for PB4 10 event.

Bit 4 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP3: Wake-up polarity for PB3 IO event.

Bit 3 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP2: Wake-up polarity for PB2 |0 event.

Bit 2 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP1: Wake-up polarity for PB1 IO event.

Bit 1 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge

Bit 0 WUPO: Wake-up polarity for PBO 10 event.

i

. 0: Detection of wake-up event on rising edge (default)
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. 1: Detection of wake-up event on falling edge

5.6.5 Status register 1 (PWRC_SR1)
This register provides the information concerning which source woke up the device after a DEEPSTOP.
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. = Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Lo
&
L ~ o
s & ¢ & F F 2 & & £ £ ¥ g & & &g
s 2 o S S 2 2 2 2 2 2 2 2 2 2
= = u 2 2 s 2 2 2 2 2 2 2 s = =
o
=
r rc wl  rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl | rcwl rcwl rc_wil

Bits 31:16  Reserved, must be kept at reset value.

IWUF: Internal wake-up flag (RTC).

. . 0: No wakeup from RTC occurred since last clear
Bit 15 . 1: A wakeup from RTC occurred since last clear
Note: The user must clear the RTC wake-up flag inside the RTC IP to clear this bit.
IWUF2: Internal wake-up 2 flag (LPUART).
. 0: No wakeup from LPUART occurred since last clear
Bit 14 . 1: A wakeup from LPUART occurred since last clear.
Cleared by writing 1 in this bit.
Note: The user must clear before LPUART wake-up flag inside the LPUART IP to clear this bit.
WBLEHCPUF: BLE Host CPU wake-up flag.
Bit 13 . 0: No wakeup from BLE Host CPU occurred since last clear
. 1: A wakeup from BLE Host CPU occurred since last clear.
Cleared by writing 1 in this bit
WBLEF: BLE wake-up flag.
. . 0: No wakeup from BLE occurred since last clear
Bit12 . 1: A wakeup from BLE occurred since last clear.
Cleared by writing 1 in this bit
WUF11: PA11 1/O wake-up flag.
. . 0: No wakeup from PA11 1/O occurred since last clear
Bit 11 . 1: A wakeup from PA11 1/O occurred since last clear.
Cleared by writing 1 in this bit
WUF10: PA10 I/O wake-up flag.
. . 0: No wakeup from PA10 /O occurred since last clear
Bit10 . 1: A wakeup from PA10 I/O occurred since last clear.
Cleared by writing 1 in this bit
WUF9: PA9 1/O wakeup flag.
) . 0: No wakeup from PA9 I/O occurred since last clear
Bit9 . 1: A wake-up from PA9 I/O occurred since last clear.

Cleared by writing 1 in this bit
Bit 8 WUFS8: PA8 I/0 wake-up flag.
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. 0: No wakeup from PA8 1/O occurred since last clear
. 1: A wakeup from PA8 I/O occurred since last clear.

Cleared by writing 1 in this bit
WUF7: PB7 1/0O wake-up flag.

. 0: No wakeup from PB7 1/O occurred since last clear

Bit7 . 1: A wakeup from PB7 I/O occurred since last clear.
Cleared by writing 1 in this bit

WUF6: PB6 1/0 wake-up flag.
. 0: No wakeup from PB6 I/O occurred since last clear

Bit6 . 1: A wakeup from PB6 I/O occurred since last clear.

Cleared by writing 1 in this bit

WUFS5: PB5 I/O wake-up flag.
. 0: No wakeup from PB5 I/O occurred since last clear

BitS . 1: A wakeup from PB5 I/O occurred since last clear.

Cleared by writing 1 in this bit

WUF4: PB4 1/O wake-up flag.
. 0: No wakeup from PB4 I/O occurred since lastclear

Bit 4 . 1: A wakeup from PB4 1/O occurred since last clear.

Cleared by writing 1 in this bit

WUF3: PB3 I/O wake-up flag.
. 0: No wakeup from PB3 1/O occurred since last clear

Bit3 . 1: A wakeup from PB3 I/O occurred since last clear.

Cleared by writing 1 in this bit

WUF2: PB2 I/O wake-up flag.
. 0: No wakeup from PB2 1/O occurred since last clear

Bit2 . 1: A wakeup from PB2 I/O occurred since last clear.

Cleared by writing 1 in this bit

WUF1: PB1 I/O wakeup flag.
. 0: No wakeup from PB1 1/O occurred since last clear

Bit1 . 1: A wakeup from PB1 I/O occurred since last clear.
Cleared by writing 1 in this bit

WUFO0: PBO I/O wake-up flag.
. 0: No wakeup from PBO I/O occurred since last clear

Bit0 . 1: A wakeup from PBO I/O occurred since last clear.

Cleared by writing 1 in this bit
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5.6.6 Status register 2 (PWRC_SR2)
This register provides some status flags related to the power voltage detector and the SMPS blocks.
Address offset: 0x14
Reset value: 0x0000 -306

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
= s}
o, pex > 14 x
2 o) & 3 o z =
S a @ @ 3 <>E @ o L o
= e £ & g s § ¢ 3 8
o o w o a . o
e o o 2 % =
m m (7] (7] (%)
o o)

r r r r r r r r r

Bits 31:16 Reserved, must be kept at reset value.

IOBOOTVAL.: I/Os value latched at POR.
. bit 3: PA11 input value latched at POR,
. bit 2: PA10 input value latched at POR,
Bits 15:12 . .
. bit 1: PA9 input value latched at POR,
. bit 0: PA8 input value latched at POR.
Note: This information may be used by the boot loader to manage boot on serial interfaces for instance.
PVDO: Power voltage detector output.

When the power voltage detector is enabled (PWRC_CR2.PVDE=1), this bit indicates when the VDDIO is lower
Bit 11 than the selected threshold (through PWRC_CR2.PVDLS bit field).

. 0: The VDDIO is not lower than threshold or PVD feature is not enabled
. 1: The VDDIO is lower than the selected threshold

Bit 10:9 Reserved, must be kept at reset value.

REGLPS: Low-power regulator ready status.
Bit 8 . 0: The low-power regulator is not ready
. 1: The low-power regulator is ready
IOBOOTVALZ2: I/Os value latched at POR.
. bit 3: PB15 input value latched at POR
. bit 2: PB14 input value latched at POR
bit 1: PB13 input value latched at POR
. bit 0: PB12 input value latched at POR

Note: This information may be used but the boot loader to manage boot on serial interfaces for instance.

Bits 7:4

Bit 3 Reserved, must be kept at reset value.

SMPSRDY: SMPS ready status.
Bit 2 . 0: SMPS regulator is not ready
. 1: SMPS regulator is ready

SMPSENR: SMPS RUN mode status.

This bit mirrors the internal ENABLE_3V3 control signal connected to the SMPS and driven by the hardware.
. 0: SMPS regulator is not regulating (in PRECHARGE or NOSMPS mode)
. 1: SMPS regulator is in RUN mode

Bit 0 SMPSBYPR: SMPS PRECHARGE mode status.
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This bit mirrors the PRECHARGE control state of the SMPS.
. 0: SMPS regulator is not in PRECHARGE mode
. 1: SMPS regulator is in PRECHARGE mode (VSMPS connected to VDDIO)
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5.6.7 Control register 5 (PWRC_CR5)
This register is used to configure the SMPS.
Address offset: 0x1C
Reset value: 0x0000 6014

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
)
=
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%) 3) n
a
=
n
w rw w w w rw w rw w w w rw w
Bits
. Reserved, must be kept at reset value.
31:15
SMPS_PRECH_CUR_SEL[1:0]: Select SMPS PRECHARGE limit current.
Bit . 00: 2.5 mA
its )
1413 ° 01: 5mA
. 10: 10 mA
. 11: 20 mA (default)
CLKDETR_DISABLE: Disables the SMPS clock detection.
The SMPS clock detection enables an automatic SMPS bypass switching in case of unexpected loss of the SMPS
Bit12  clock.
. 0: SMPS clock detection mechanism enabled (default)
. 1: SMPS clock detection mechanism disabled

SMPS_ENA_DCM: Discontinuous conduction mode enable.
Bit 11 . 0: SMPS DCM is disabled (default)
. 1: SMPS DCM is enabled

NOSMPS: No SMPS mode.
. 0: SMPS is enabled (default)
Bit10 . 1: SMPS is disabled

Note: This configuration (SMPS disabled) should be used only when the SMPS_FB pad is directly connected to
the VBATT (external voltage), without L/C BOM.

SMPSFBYP: Forces the SMPS in PRECHARGE mode.
. 0: No effect (default)
Bit 9 . 1: SMPS is disabled and bypassed

Note: When this bit is set, the VSMPS output is connected to the VDDIO. The actual state of the SMPS is visible in
the SMPS mode status bits in PWRC_SR2 register.

SMPSLPOPEN: Select OPEN mode instead of PRECHARGE mode for the SMPS during DEEPSTOP.
Bit 8 . 0: In DEEPSTOP, the SMPS is in PRECHARGE mode with output connected to VDDIO (default)
. 1: In DEEPSTOP, the SMPS is disabled with floating output

Bits 7:6  Reserved, must be kept at reset value.
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SMPSBOMSEL[1:0]: Select the SMPS BOM.

. 00: BOM1
. . 01: BOM2(default)

Bits 5:4 10: BOM3
. 11: Not applicable
Note: BOM correspondence/details is available in Table 10. SMPS BOM information.
SMPSLVL[3:0]: Select the SMPS output voltage level.
This bit field selects the SMPS voltage output level with a granularity of about 50 mV. The SMPS output voltage
level, Vgpps, must be configured such that VBAT- Vgyps = 0.2 V.
[e.g. For VBAT = 2V, Vgups must be no higher than 1.8 V]
. -0000: 1.2V
. -0001: 1.25V
. -0010: 1.3V
. -0011:1.35V
. -0100: 1.4V
. -0101: 1.45V
. -0110: 1.5V

Bits 3:0

-0111: 1.55 V
. -1000: 1.6 V
. -1001: 1.65V
. -1010: 1.7V
. -1011:1.75V
. -1100: 1.8 V
. -1101: 1.85V
. -1110: 1.9V
. -1111: 1.9V
Warning: The SMPS output voltage must not be changed by more than one step while the SMPS is in use.

The sequence to reprogram a new SMPS output voltage is described in Section 5.8.2 SMPS output level
re-programming.
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1/0 port A pull-up control register (PWRC_PUCRA)

This register is used to control the pull-up for the PAO to PA15 1/O when the PWRC_CR1.APC bit is set.

Caution: If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA registers for an
I/O, then pull-down is applied.

The user must take care to disable the pull-on I/O programmed in analog mode.
Address offset: 0x20

Reset value: 0x0000 OF07

31 30 29

Res. Res.

15 14 13

Res. Res.

Bits 31:12

Bit 11

Bit 10

Bit 9

Bit 8

Bit 7:4

Bit 3

Bit 2

Bit 1

Bit 0
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Res.

Res.

28

Res.

12

Res.

27 26 25 24 23 22 21 20 19 18 17
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
11 10 9 8 7 6 5 4 3 2 1
PUA11  PUA10  PUA9 PUA8 Res. Res. Res. Res. PUA3  PUA2 PUA1
w rw rw w rw rw rw

Reserved, must be kept at reset value.
PUA11: Pull-up enable for PA11 1/0O.
. 0: No pull-up

. 1: Pull-up enabled (default)
PUA10: Pull-up enable for PA10 /0.
. 0: No pull-up

. 1: Pull-up enabled (default)
PUAQ9: Pull-up enable for PA9 I/O.

. 0: No pull-up

. 1: Pull-up enabled (default)
PUAG&: Pull-up enable for PA8 1/0O.

. 0: No pull-up

. 1: Pull-up enabled (default)

Reserved, must be kept at reset value.

PUA3: Pull-up enable for PA3 1/0O.
. 0: No pull-up (default)

. 1: Pull-up enabled

PUA2: Pull-up enable for PA2 /0.
. 0: No pull-up

. 1: Pull-up enabled (default)
PUA1: Pull-up enable for PA1 1/0O.
. 0: No pull-up

. 1: Pull-up enabled (default)
PUAO: Pull-up enable for PAQ 1/0O.
. 0: No pull-up

. 1: Pull-up enabled (default)

16

Res.

PUAO
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5.6.9 1/0 port A pull-down control register (PWRC_PDCRA)
This register is used to control the pull-down for the PAO to PA15 1/O when the PWRC_CR1.APC bit is set.

Caution: If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA registers for an
I/O, then pull-down is applied.

The user must take care to disable the pull-on I/O programmed in analog mode.
Address offset: 0x24
Reset value: 0x0000 0008

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. | PDA11 PDA10 PDA9 PDA8 Res. Res. Res. Res. PDA3 PDA2 PDA1 PDAO

rw w rw rw w w rw w

Bits 31:12 Reserved, must be kept at reset value.

PDA11: Pull-down enable for PA11 1/O.
Bit 11 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA10: Pull-down enable for PA10 I/O.
Bit 10 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAJ: Pull-down enable for PA9 1/0.

Bit 9 . 0: No pull-down (default)
. 1: Pull-down enabled
PDA&8: Pull-down enable for PA8 1/0.
Bit 8 . 0: No pull-down (default)
. 1: Pull-down enabled
Bit 7:4 Reserved, must be kept at reset value.
PDA3: Pull-down enable for PA3 1/0.
Bit 3 . 0: No pull-down
. 1: Pull-down enabled (default)
PDA2: Pull-down enable for PA2 1/0.
Bit 2 . 0: No pull-down (default)
. 1: Pull-down enabled
PDA1: Pull-down enable for PA1 1/O.
Bit 1 . 0: No pull-down (default)
. 1: Pull-down enabled

PDAO: Pull-down enable for PAO 1/O.
Bit 0 . 0: No pull-down (default)
. 1: Pull-down enabled
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5.6.10 1/0 port B pull-up control register (PWRC_PUCRB)
This register is used to control the pull-up for the PBO to PB15 I/O when the PWRC_CR1.APC bit is set.

Caution: If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA registers for an
I/O, then pull-down is applied.

The user must take care to disable the pull-on I/O programmed in analog mode.
Address offset: 0x28
Reset value: 0x0000 FOFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PUB15 PUB14 PUB13 PUB12 Res. Res. Res. Res. PUB7 PUB6 PUB5 PUB4 PUB3 PUB2 PUB1 PUBO

rw rw w rw rw rw rw w w w w rw
Bits 31:16 Reserved, must be kept at reset value.
PUB15: Pull-up enable for PB15 1/O.
Bit 15 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB14: Pull-up enable for PB14 1/0.
Bit 14 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB13: Pull-up enable for PB13 1/O.
Bit 13 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB12: Pull-up enable for PB12 I/O.
Bit 12 . 0: No pull-up

. 1: Pull-up enabled (default)

Bit 11:8 PUB11: Reserved, must be kept at reset value
PUB?7: Pull-up enable for PB7 I/O.
Bit 7 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBG6: Pull-up enable for PB6 I/O.
Bit 6 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBS5: Pull-up enable for PB5 I/O.
Bit 5 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB4: Pull-up enable for PB4 I/O.
Bit 4 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB3: Pull-up enable for PB3 /0.
Bit 3 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB2: Pull-up enable for PB2 I/O.
Bit 2 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB1: Pull-up enable for PB1 I/O.

. 0: No pull-up

RM0491 - Rev 1 page 41/579

Bit 1



RM0491

PWRC register description

3

. 1: Pull-up enabled (default)

PUBO: Pull-up enable for PBO I/O.
Bit 0 . 0: No pull-up
. 1: Pull-up enabled (default)
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5.6.11 1/0 port B pull-down control register (PWRC_PDCRB)
This register is used to control the pull-down for the PBO to PB15 I/O when the PWRC_CR1.APC bit is set.

Caution: If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA registers for an
I/O, then pull-down is applied.

The user must take care to disable the pull-on I/O programmed in Analog mode.
Address offset: 0x2C
Reset value: 0x0000 FOFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PDB15 PDB14 PDB13 PDB12 Res. Res. Res. Res. PDB7 PDB6 PDB5 PDB4 PDB3 PDB2 PDB1  PDBO

rw rw w rw rw rw rw rw rw w w rw
Bits 31:16 Reserved, must be kept at reset value.

PDB15: Pull-down enable for PB15 /0.

Bit 15 . 0: No pull-down (default)
. 1: Pull-down enabled
PDB14: Pull-down enable for PB14 /0.

Bit 14 . 0: No pull-down (default)
. 1: Pull-down enabled

PDB13: Pull-down enable for PB13 1/0.

Bit 13 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB12: Pull-down enable for PB12 1/0.
Bit 12 . 0: No pull-down (default)

. 1: Pull-down enabled
Bit 11:8 Reserved, must be kept at reset value

PDB7: Pull-down enable for PB7 1/0O.
Bit 7 . 0: No pull-down (default)
. 1: Pull-down enabled

PDBG6: Pull-down enable for PB6 1/0O.

Bit 6 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB5: Pull-down enable for PB5 1/0O.
Bit 5 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB4: Pull-down enable for PB4 1/0O.
Bit 4 . 0: No pull-down (default)
. 1: Pull-down enabled

PDB3: Pull-down enable for PB3 1/0O.

Bit 3 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB2: Pull-down enable for PB2 1/0.
Bit 2 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB1: Pull-down enable for PB1 1/0O.
. 0: No pull-down (default)
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. 1: Pull-down enabled

PDBO: Pull-down enable for PBO 1/0.
Bit 0 . 0: No pull-down (default)

. 1: Pull-down enabled
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5.6.12 Control register 6 (PWRC_CRS6)

This register manages the selection of the wake-up sources to get out of DEEPSTOP mode.
Note: All wake-up sources are disabled by default after reset.

Address offset: 0x30

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. | Res. EWU19 EWU18 EWU17 | EwWU16 EWU15 | EWU14 EWU13  EWU12

w w w w w w w w
Bits 31:8 Reserved, must be kept at reset value.
EWU19: Enable wakeup on PB15 I/O event.
Bit 7 . 0: wakeup on PB15 1/O line is disabled (default)

. 1: wakeup on PB15 1I/O line is enabled

EWU18: Enable wakeup on PB14 |/O event.
Bit 6 . 0: Wakeup on PB14 1/0O line is disabled (default)
. 1: Wakeup on PB14 /O line is enabled

EWU17: Enable wakeup on PB13 I/O event.
Bit 5 . 0: Wakeup on PB13 1/O line is disabled (default)
. 1: Wakeup on PB13 I/O line is enabled

EWU16: Enable wakeup on PB12 I/O event.
Bit 4 . 0: Wakeup on PB12 1/O line is disabled (default)
. 1: Wakeup on PB12 /O line is enabled

EWU15: Enable wakeup on PA3 1/O event.
Bit 3 . 0: Wakeup on PA3 /O line is disabled (default)
. 1: Wakeup on PA3 1/O line is enabled

EWU14: Enable wakeup on PA2 1/O event.
Bit 2 . 0: Wakeup on PA2 I/O line is disabled (default)
. 1: Wakeup on PA2 /O line is enabled

EWU13: Enable wakeup on PA1 I/O event.
Bit 1 . 0: Wakeup on PA1 I/O line is disabled (default)
. 1: Wakeup on PA1 1/O line is enabled

EWU12: Enable wakeup on PAO I/O event.
Bit 0 . 0: Wakeup on PAO /O line is disabled (default)
. 1: Wakeup on PAO 1/O line is enabled
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5.6.13 Control register 7 (PWRC_CR?7)

This register manages the polarity for the 1/0s wake-up sources to get out of DEEPSTOP mode.
Note: The wake-up events are only edge detection, not level detection.

Address offset: 0x34

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. | Res. WUP19 WUP18 WUP17 | WUP16 WUP15  WUP14 WUP13 & WUP12

w rw rw rw rw rw rw rw
Bits 31:8 Reserved, must be kept at reset value.

WUP19: Wake-up polarity for PB15 10 event.

Bit 7 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP18: Wake-up polarity for PB14 10 event.

Bit 6 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP17: Wake-up polarity for PB13 10 event.

Bit 5 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP16: Wake-up polarity for PB12 10 event.

Bit 4 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP15: Wake-up polarity for PA3 1O event.

Bit 3 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP14: Wake-up polarity for PA2 |O event.

Bit 2 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP13: Wake-up polarity for PA1 1O event.

Bit 1 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
WUP12: Wake-up polarity for PAO 1O event.

Bit 0 . 0: Detection of wake-up event on rising edge (default)
. 1: Detection of wake-up event on falling edge
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5.6.14 Status register 3(PWRC_SR3)
This register provides some information about which source woke up the device after a DEEPSTOP.
Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res.  Res.  Res. Res. Res. Res. Res. Res. WUF19 WUF18 @ WUF17 | WUF16 WUF15 WUF14 WUF13 | WUF12

rc_wi rc_wi rc_wi1 rc_wi1 rc_wi1 rc_wi1 rc_wi rc_wi

Bits 31:8  Reserved, must be kept at reset value.

WUF19: PB15 1/0O wake-up flag.

Bit 7 . 0: No wakeup from PB15 I/O occurred since last clear
. 1: A wakeup from PB15 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF18: PB14 I/0O wake-up flag.

Bit 6 . 0: No wakeup from PB14 1/O occurred since last clear
. 1: A wakeup from PB14 I/O occurred since last clear. Cleared by writing 1 in this bit

WUF17: PB13 I/0O wake-up flag.
Bit 5 . 0: No wakeup from PB13 I/O occurred since last clear
. 1: A wakeup from PB13 I/O occurred since last clear. Cleared by writing 1 in this bit

WUF16: PB12 I/O wake-up flag.

Bit 4 . 0: No wakeup from PB12 I/O occurred since last clear
. 1: A wakeup from PB12 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF15: PA3 I/O wake-up flag.

Bit 3 . 0: No wakeup from PA3 1/O occurred since last clear
. 1: A wakeup from PA3 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF14: PA2 1/0O wake-up flag.

Bit 2 . 0: No wakeup from PA2 1/O occurred since last clear
. 1: A wakeup from PA2 I/O occurred since last clear. Cleared by writing 1 in this bit

WUF13: PA1 I/O wakeup flag.

Bit 1 . 0: No wakeup from PA1 1/O occurred since last clear
. 1: A wakeup from PA1 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF12: PAO I/O wakeup flag.

Bit 0 . 0: No wakeup from PAO 1/O occurred since last clear
. 1: A wakeup from PAO I/O occurred since last clear. Cleared by writing 1 in this bit
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5.6.15 Debug register (PWRC_DBGR)
This register is used for debug features.
Address offset: 0x84
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIS_PRECH][2:0] Res. Res. | Res. Res. Res. | Res. Res. Res.  Res. Res. Res. Res. DEEPSTOP2

w w w 'w

Bits 31:16 | Reserved, must be kept at reset value.

Bits 15:13 DIS_PRECH][2:0]: disable SMPS PRECHARGE during DEEPSTOP (debug only).

111: PRECHARGE and SMPS monitoring disabled
. 101: PRECHARGE enabled only at DEEPSTOP exit (PWRC_CR5.SMPSLPOPEN must be set)
. others values: DEEPSTOP PRECHARGE enabled

Bits 15:13

Bits 12:1 | Reserved, must be kept at reset value

DEEPSTOP2: DEEPSTOP2 low-power saving emulation enable.
Bit 0 . 0: Normal DEEPSTOP is applied
. 1: DEEPSTOP2 (debugger features not lost) is applied instead of DEEPSTOP
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5.6.16 Extended status and reset register (PWRC_EXTSRR)
This register provides flags about Bluetooth activity start and DEEPSTOP sequence occurrence or not.
Address offset: 0x88
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. RFPHA SEF DEEPSTOPF | Res. Res. Res. Res. Res. Res. Res. Res. Res.

rc_wi rc_w1

Bits 31:11 | Reserved, must be kept at reset value.

RFPHASEF: RFPHASE Flag.
. 0: The BLE IP does not require any attention
. 1: The BLE IP is awake and may require a system attention.
Bit10 This bit is set by hardware when a radio wake-up event occurs
This bit is reset by hardware when the BLE IP raises the “ready to sleep” information.
The software can reset this bit by writing 1 in it.
DEEPSTOPF: System DEEPSTOP Flag.
. 0: The device did not enter DEEPSTOP mode
Bit 9 . 1: The device entered a DEEPSTOP mode

This bit is set by hardware when a DEEPSTOP sequence occurred. The software can reset this bit by writing 1 in
it.

Bits 8:0 ' Reserved, must be kept at reset value.
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5.8 Programmer model

5.8.1 Reset reason management

The CPU has many reasons to be reset and executes its reset handler. Table 12. Flags versus CPU reboot
reason provides an overview of the flags that can help the embedded software to get the root cause of the CPU
reset.

Table 12. Flags versus CPU reboot reason

PWRC_ISCR | PWRC_EXT

LOCKUPRSTF | WDGRSTF | SFTRSTF | PORRSTF | PADRSTF | WAKEUP_ISC | DEEPSTOPF
1 1

POR/BOR reset

NRSTn pad reset 1
Watchdog reset 1 1
System reset (CPU 1 1
request)
LOCKUP reset 1 1

DEEPSTOP exit on
wake-up event

DEEPSTOP exit on
watchdog reset

DEEPSTOP exit on
NRSTn pad reset

DEEPSTOP exit on
POR/BOR

SHUTDOWN exit 1 1

If the reboot reason is a wakeup from DEEPSTOP, then the wake-up source(s) can be read in the PWRC_SR1
register as shown in Table 13. Wake-up reason flags.

Table 13. Wake-up reason flags

PWRC_SR1

1

Wakeup on BLE event

Wakeup on Host timer in MR_BLE event 1
Wakeup on RTC event 1
Wakeup on LPUART event 1
Wakeup on I/Os 1
Note: If several (enabled) wake-up events occur, several bits are high in the PWRC_SR1. The wake-up flags are

set as soon as a wake-up event (enabled in PWRC_CR3 register) occurs; the associated flag is set in the
PWRC_SR1 register even if the device is in active mode or in the sleep exit sequence (initiated by another
wake-up source).

Caution: Those flags have to be cleared by software knowing a DEEPSTOP entry sequence cannot happen if a
wake-up flag is already active when the system requests a DEEPSTOP mode.
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5.8.2 SMPS output level re-programming

The SMPS output voltage cannot be modified on-the-fly when the SMPS is in use for more than one step. When
the software needs to re-program the SMPS output voltage to another value, the following sequence must be
respected:

. Set PWRC_CR5.SMPSBYP =1

. Wait for PWRC_SR2.SMPSRDY =0

. Program the new targeted value in PWRC_CR5.SMPSLVL[3:0]

. Clear PWRC_CR5.SMPSBYP =0

. Wait for PWRC_SR2.SMPSRDY =1

Caution: This sequence must be launched when no radio activity only / RF transfer is on-going.
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6 Reset and clock controller (RCC)

The RCC block manages the clock and reset generation for all the peripherals of the BlueNRG-LPS device.

6.1 Reset management

6.1.1 General description
Figure 12. Reset generation shows the general principle of reset generation.

Figure 12. Reset generation

External
NRSTh PAD

Inside the SoC
— e — — — —_
oREs RCC—| NRSTn pad circuitry
PORESETn | .
POR/BOR reset |
WDOG reset | Spikes
I Ij‘

| |
|

Generator
20us ...80us

CPU LOCKUP reset

CPU SYSRESETREQ reset >

PADRESETNn |
h - — _— —_ _— _ _— —_— _— 1

Pulse Filter |

Note: The system reset information is output on the NRSTn pad to inform the external world and reset other elements
on the board if needed.

Two different resets are available in the design:

. PORESETN: this reset is provided by the LPMU analog block and corresponds to a POR or BOR root cause.
It is linked to power voltage ramp-up or ramp-down.

The PORESETN reset impacts all the resources of the device.

Note: A SHUTDOWN exit is equivalent to a POR/BOR situation and generates a PORESETn.
. PADRESETN (aka system reset): this reset is built through several sources:
— PORESETnN

—  the watchdog reset
—  the CPU LOCKUP reset
—  the CPU software system reset
—  the NRSTn external pad
Note: The system reset is called PADRESETn as when an internal reset source is activated (watchdog, software, efc.),
the NRSTn pad toggles to inform the external world a reset occurs.
This system reset resets all the resources of the device except:
. Debug features (SWD, test registers...)
. Flash controller key management part
. RTC timer
. Power controller (PWRC)
. Part of the RCC registers

The pulse generator guarantees a minimum reset pulse duration of 20 ys for each internal reset source. In case
of reset from the NRSTn external pad, the reset pulse is generated when the pad is asserted low.
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6.1.2 Power reset

The PORESETN signal is active when the power supply of the device is below a threshold value or when the
regulator does not provide the target voltage. The PORESETN resets all the resources of the device.

6.1.3 Watchdog reset

The BlueNRG-LPS device embeds a watchdog timer which may be used to recover from software crashes. See
Section 20 Independent watchdog (IWDG) for details about watchdog usage and programming.

6.1.4 LOCKUP reset

The Cortex-M0+ generates a LOCKUP to indicate the core is in the lock-up state resulting from an unrecoverable
exception. The LOCKUP reset is masked if a debugger is connected to the Cortex-MO+. The user can use the
SWD to reset or recover the code in this case.

6.1.5 System reset request

The system reset request is generated by the debug circuitry of the Cortex-M0+. The debugger sets the
SYSRESETREQ bit of the application interrupt and reset control register (AIRCR). This system reset request
through the AIRCR can also be done by the embedded software (in hard fault handler for instance). For more
details on the Cortex-M0+ system control and ID registers, refer to section B3.2.2 of the "ARMv6-M Architecture”
reference manual.

6.1.6 DEEPSTOP exit

The low-power DEEPSTOP state leads to switching off a part of the 1.2 V (power domain called V12i), while
keeping the rest of the 1.2 V at 1 V (power domain called V120) and the 3.3 V (VDDIO).

When the device exits the DEEPSTOP mode, only the V12i power domain is reset as it is the only power domain
that lost the power supply.

6.2 Clock management
Three different clock sources may be used to drive the system clock (CLK_SYS) in the BlueNRG-LPS:
. HSI: high speed internal 64 MHz RC oscillator (provided by the RC64MPLL analog block)
. PLL64M: 64 MHz PLL clock (provided by the RC64MPLL analog block)
. HSE (high speed external):
—  high speed 32 MHz external crystal
—  or provided by a single-ended 32 MHz input instead of a crystal.

The BlueNRG-LPS device has also a slow frequency clock tree used by some timers (RTC, watchdog, LPUART
and MR_BLE radio timer). Four different clock sources can be used for this slow clock tree:

. LSI: low speed low drift internal RC with a fixed frequency between 24 kHz and 49 kHz depending on the
sample. It is called 32 kHz clock inside this document to simplify.

. LSE:
—  32.768 kHz low speed external crystal.
—  or provided by a single-ended 32.768 kHz input instead of a crystal.

. The always 16 MHz clock divided by 512 (not available for LPUART). In this case, the slow clock is not
available in DEEPSTOP low-power mode

Figure 13. Clock tree generation provides an overview of the clock tree in the BlueNRG-LPS.
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6.2.1

Note:
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Figure 13. Clock tree generation
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System clock details

The HSI and the PLL64M clocks are provided by the same analog block called RC64MPLL. The 64 MHz clock

output by this block can be:
. a non accurate clock (target is 1% typical) when no external XO provides an input clock to this block
. an accurate clock when the external XO provides the 32 MHz and once its internal PLL is locked
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LKSLOWSEL

CLK_RTC

— CLK_WDG
CLK_BLEWKUP

CLK_TIM2

2

1 CLK_16MHz

SYSCLKDIV

SYSCLK PRE
11,12, ..,132

SYSCLK PRE
11,12, ..,164

SYSCLKDIV

LSE —

P» CLKTIM16
CLKTIM17

CLK_SYS:
To CPU,
1 AHBO,
APBO,
0 APB1,
SRAM,

PKA
HSESEL

CLK_LPUART

LPUCLKSEL

CLK_SMPS

CLKANA_ADC
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CLK_BLE16

SMPSDIV

HSESEL

v

CLK_FLASH
CLK_PWR
CLK_RNG
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BLECLKDIV
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CLK_SPI3/12S

" CLKDIG_ADC

SPI3I2SCLKSEL

The usage of PLL64M or HSE as clock source is mandatory for Bluetooth radio operations (need of a high

accuracy on the clock).

The software process to switch the system on the accurate clock is indicated in Section 6.8 Programmer model.

This fast clock source is used to generate all the fast clocks of the device through dividers as shown in
Figure 13. Clock tree generation.

After reset, the CLK_SYS is divided by four to provide a 16 MHz to the whole system (CPU, DMA, memories and

peripherals).

Then the software can program another system clock frequency in the following list:

. 1 MHz (forbidden when radio or ADC is in use)
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. 2 MHz (forbidden when radio or ADC is in use)
. 4 MHz (forbidden when radio or ADC is in use)
. 8 MHz (forbidden when radio is in use)

. 16 MHz
. 32 MHz
. 64 MHz
Note: Forbidden configuration means that the “in use” feature cannot work if the system clock runs at this frequency.

Special care must be taken when programming the CLK_SYS as some constraints need to be respected:
CLK_SYS frequency must be greater or equal to CLK_SYS_BLE.

6.2.2 Peripherals clock details
This fast clock source is also used to generate several internal fast clocks in the system:
. A TIM2, TIM16/17 kernel clock that is the maximum reachable frequency of the system (64 Mhz in
RC64MPLL configuration and 32 MHz in HSE configurations)
. An always 32 MHz requested by few peripherals such as: the MR_BLE radio IP for instance
. An always 16 MHz requested by few peripherals like serial interfaces (to maintain fixed baud rate while

system clock is switching from one frequency to another) or like Flash controller and MR_BLE radio IP (to
have a fixed reference clock to manage delays).

Most of the peripherals use the system clock only (CLK_SYS) except:
. I12C, USART:

—  In parallel with the system clock, they use an always 16 MHz clock to have a fixed reference clock
for baud rate management. The goal is to allow the CPU to boost or slow down the system clock
(depending on on-going activities) without impacting a potential on-going serial interface transfer on
external I/Os.

. LPUART:

— In parallel with the system clock, it uses an always 16 MHz clock to have a fixed reference clock for
baud rate management and LSE clock when active in DEEPSTOP. The goal is to allow the CPU to
boost or slow down the system clock (depending on on-going activities) without impacting a potential
on-going serial interface transfer on external 1/Os.

. SPI:
—  When using the I2S mode, the baud rate is managed through the always 16 MHz, always 32 MHz clock
or 64 MHz clock (available only when HSESEL=0).
Note: The CPU/system clock frequency must be equal or slower than the IS clock frequency.

. When running in modes other than the I2S, the baud rate is managed by the system clock. This implies the
baud rate is impacted by dynamic system clock frequency changes.
. RNG:
—  In parallel with the system clock, the RNG uses an always 16 MHz clock to generate at a constant
frequency the random number whatever the system clock frequency.
. Flash controller:
- In parallel with the system clock, the Flash controller uses an always 16 MHz clock to generate specific
delays required by the Flash memory during programming and erase operation for instance.
. MR_BLE IP:
—  MR_BLE IP does not use directly the system clock for its APB / AHB interfaces but the system clock

with a potential divider (1 or 2 or 4). Table 14. CPU versus MR_BLE clock dependency shows the
supported configurations.

- In parallel with the CLK_SYS_BLE, the MR_BLE uses an always 16 MHz and an always 32 MHz for
modulator, demodulator and to have a fixed reference clock to manage specific delays.
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Table 14. CPU versus MR_BLE clock dependency

1MHz /2 MHz /4 MHz / 8 MHz Not possible to use MR_BLE IP
16 MHz 16 MHz (CLKBLEDIV = 4)
16 MHz (CLKBLEDIV = 4)
32 MHz
or 32 MHz (CLKBLEDIV = 2)
16 MHz (CLKBLEDIV = 4)
64 MHz

or 32 MHz (CLKBLEDIV = 2)

. ADC

—  In parallel with the system clock, the ADC uses a 64 MHz prescaled clock (called CLKANA_ADC)
running at 16 MHz.

Note: When the ADC is used, the system clock must run at minimum 8 Mhz to be able to read the ADC sample before
they are overloaded by a new sample.

Note: To avoid SNR degradation of the ADC, SMPS and ADC clocks must be synchronous.

6.2.3 Slow clock frequency details

As explained at the beginning of the clock management sub-section, four different clock sources can be used for
this slow clock tree:

. LSI: low speed low drift internal RC with a fixed frequency between 24 kHz and 49 kHz depending on the
sample. It is called 32 kHz clock inside this document to simplify.

. LSE: 32.768 kHz low speed external crystal (or single-ended input frequency).
Note: If the external oscillator is used, the PB12/PB13 I/Os are automatically connected to this feature when
RCC_CR.LSEON bit is set (GPIO_MODERX configuration is overloaded).

Caution: If APC bit is set, the user has to disable the PUB12/PUB13/PDB12/PDB13 bits on PB12/PB13 by
software I/O Port B pull-up control register (PWRC_PUCRB) to have the feature working well. Otherwise, if APC
is reset, the pull-up, pull-down of PB12/13 are automatically configured.

. An always 32 kHz clock equal to HS1/2048 if HSESEL='0" or else HSE/1024. In this case, the slow clock is
not available in DEEPSTOP low-power mode

Only one source at a time drives the whole low speed clock tree.

Note: By default after a PORESETNn, all low speed sources are OFF. After a PADRESETn, the slow clock configuration
is the one programmed before the PADRESETn.
The slow clock activation and selection are relevant during the DEEPSTOP low-power mode and at wakeup as
they clock the timers involved in wake-up events generation.

Note: If LSI configuration is used, the software must measure the slow clock frequency to know the associated period
that is used by the timers. A slow clock measurement feature is available in the MR_BLE IP.

6.3 System frequency switch while MR_BLE is used

The CPU/system clock frequency can be from 1 MHz to 64 MHz while the MR_BLE clock frequency can be 16
MHz or 32 MHz.

When the radio is used on the device, the system clock frequency selection must respect some rules:

. the system clock frequency must be 16 MHz, 32 MHz or 64 MHz and greater than or equal to the MR_BLE
frequency. Other options make the radio not functional.

. changing the frequency of the system must be done through the RCC_CSCMDR register mechanism to
avoid any risk of crashing the radio scenarios.

This proper system frequency switch is managed through the collaboration of several blocks:
. the RCC (see Section 6.6.5 Clock switch command register (RCC_CSCMDR) )
. the AHBUPCONYV and the AHBDOWNCONYV blocks (see Section 3 AHB up/down converter)
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Using this safe mechanism, the software requests a system clock frequency change and is informed by the
hardware when the new frequency is really in place through a status bit (see Section 6.6.5 Clock switch
command register (RCC_CSCMDR) ) and an associated interrupt line on the CPU (see Section 2.3.2 Interrupts).

The software sequence is described in Section 6.8.3 Changing the system clock frequency while the MR_BLE is
enabled.

6.4 Clock observation on external pad
It is possible to output some internal clocks on external pads:
. the low speed clocks can be output on the LCO 1/O
. the high speed clocks can be output on the MCO I/0

This is possible by programming the associated I/O in the good alternate function (see Table 6. GPIO alternate
options AF0, AF1 and AF2 modes and Table 7. GPIOs AF3, AF4 and AF6 modes ).

The selection of the clock to output for each 1/0O is programmable through an RCC register (see Section 6.6 RCC
register description for more details).

Figure 14. LCO / MCO output clocks shows the possible configurations to output an internal clock.

Figure 14. LCO / MCO output clocks
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6.5 Miscellaneous

6.5.1 10 BOOSTER
Some analog switches are used to select the analog VINM/P pair input signals to be used by the ADC.

An |O BOOSTER block has been added to boost the voltage on the command of those analog switches when
the VBAT goes below a threshold (2.7 V) to guarantee the good behavior of those switches. This block has to be
enabled by the software when needed through RCC_CFGR.IOBOOSTEN bit.

RM0491 - Rev 1 page 60/579



RM0491

RCC register description

3

6.6 RCC register description

Refer to Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses for the RCC base
address location in the BlueNRG-LPS.
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6.6.1 Clock source control register (RCC_CR)
This register controls the enable on the different clock sources (low and high speed).

Note: The control bits linked to high speed clock source are reset on PADRESETn. The control bits linked to slow
speed clock source are reset on PORESETn only (identified by the table footnote). As this register is in V120

power domain, its content is not modified after a wakeup from DEEPSTOP and system clock is restored with
configuration present before DEEPSTOP mode entry.

Address offset: 0x00
Reset value: 0x0000 1400
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Bits 31:18 Reserved, must be kept at reset value.

HSERDY: External high speed clock flag.
This bit is set by hardware to indicate that HSE oscillator (32 MHz XO) is stable.

Bit 17
. 0: HSE oscillator is not ready
. 1: HSE oscillator is ready
HSEON: External high speed clock enable.
Bit 16 The software has to set the bit to start the XO 32 MHz and clear the bit to stop it.

. 0: HSE oscillator is OFF
. 1: HSE oscillator is ON

Bit 15 | Reserved, must be kept at reset value.

HSIPLLRDY: Internal high speed clock PLL flag.
This bit is set by hardware to indicate that the RC64MPLL pll is locked.

Bit 14
. 0: RC64MPLL pull is unlocked
. 1: RC64MPLL pull is locked
HSIPLLON: Internal high speed clock PLL enable.
Bit 13 The software has to set the bit to request an RC64MPLL lock on HSE and clear the bit to stop it.
. 0: RC64MPLL PLL is OFF
. 1: RC64MPLL PLL is ON
HSEPLLBUFON: External high speed clock buffer for PLL RF2G4 enable.
The software has to set the bit when the radio is used (to have the 2.4 GHz PLL working).
Bit12 | ° 0: HSE PLL RF2G4 buffer is OFF

. 1: HSE PLL RF2G4 buffer is ON

Warning: This bit must be set when the radio is used. The only reason to clear this bit would be to reduce
power consumption for application not using the radio on this device.

Bit 11 Reserved, must be kept at reset value.
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HSIRDY: Internal high speed clock flag.

This bit is set by hardware to indicate that internal 64 MHz RC is stable.
. 0: Internal 64 MHz RC is not ready
. 1: Internal 64 MHz RC is ready

Bit 10

LOCKDET_NSTOP: Defines a time window target for the counter of the lock detector block in charge to manage
the HSIPLLRDY information (PLL indicated as locked if the analog lock signal stays high and stable during this

Bits 97 time window).

The formula to define the time window target is the following:

time window target = (LOCKDET_NSTOP + 1) x 64.

LSEBYP: External low speed clock bypass.

This bit needs to be set when the slow clock is directly provided through SXTALI pin.

Bit 6 (1))
. 0: No LSE oscillator bypass

. 1: LSE oscillator bypass is enabled
LSERDY: External low speed clock flag.

This bit is set by hardware to indicate that the slow clock has started.
. 0: LSE oscillator is not ready
. 1: LSE oscillator is ready

Bit 5(

Note: This status bit is true whatever the chosen configuration (external 32 kHz oscillator -= LSEON or external
clock provided on SXTALI = LSEBYP).

LSEON: External low speed clock enable.

The software has to set the bit to start the XO 32 kHz and clear the bit to stop it.
. 0: LSE oscillator is OFF
. 1: LSE oscillator is ON

Bit 412

LSIRDY: Internal low speed clock flag.

Bit 30 This bit is set by hardware to indicate that internal low speed RC is stable.
. 0: Internal low speed RC is not ready

. 1: Internal low speed RC is ready
LSION: Internal low speed RC clock enable.

The software has to set the bit to start the internal slow clock RO and clear the bit to stop it.
. 0: LSIRC is OFF
. 1: LSIRC is ON

Bit 2(")

Bits 1:0 | Reserved, must be kept at reset value.

1. This bit is reset on PORESETn and when the low speed clock is disabled at runtime.

2. The LSEBYP and LSEON bits must not be used at the same time. If the user decides to dynamically change the slow clock
source between external XO and clock injection on SXTALI, they have to ensure both LSEON and LSEBYP are low at a
time to reset the LSERDY flag.
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6.6.2 Clocks configuration register (RCC_CFGR)

Note: The control bits linked to high speed clock source are reset on PADRESETn. The control bits linked to slow
speed clock source are reset on PORESETn only (identified by the table footnote).
Address offset: 0x08
Reset value: 0x0000 0240
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CCOPRE: Configurable clock output prescaler.
. 000: CCO clock is divided by 1
. 001: CCO clock is divided by 2
. 010: CCO clock is divided by 4
Bits 31:29 011: CCO clock is divided by 8
. 100: CCO clock is divided by 16
. 101: CCO clock is divided by 32
. others: Reserved

Note: Glitches propagation possible if CCOPRE[2:0] value is modified while MCO output is enabled on the 10.

MCOSEL: Main configurable clock output selection.

. 000: MCO output disabled. No clock on MCO pad

. 001: system clock

. 010: Reserved

. 011: HSI_64M = RC64MPLL block output clock (can be internal 64 MHz or PLL 64 MHz accuracy)

Bits 28:26 100: HSE (external 32 MHz oscillator)
. 101: HSI_64M divided by 2048 clock
. 110: SMPS clock
. 111: ADC clock
Note: Glitches propagation possible if MCOSEL[2:0] value is modified while MCO output is enabled on the 10.
Bits LCOSEL: Low speed configurable clock output selection.

25:2400 1. 00: LCO output disabled. No clock on LCO pad
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. 01: not used
. 10: LSI (internal slow clock RC) clock
. 11: LSE (external 32 kHz)

Note: Glitches propagation possible if LCOSEL[1:0] value is modified while LCO output is enabled on the |0.

SPI3I2SCLKSEL[1:0]: Selection of 12S clock for SPI3 IP.
. 00: 16 MHz peripheral clock (default)
01: 32 MHz peripheral clock
. 1x: 64 MHz peripheral clock (available only when HSESEL=0)

Bit 23:22

Note: The I2S clock frequency must be higher or equal to the system clock (configured through
RCC_CFGR.CLKSYSDIV[2:0] bit field).

Bits 21:20 = Reserved, must be kept at reset value.

LCOEN: LCO enable on PA10 also in deepstop.
Bit 1901 |« 0: LCO output on PA10 is disabled
. 1: LCO output on PA10 is enabled

IOBOOSTCKEN: 10 BOOSTER clock enable (see Section 6.5.1 |0 BOOSTER for details).
Bit 18 . 0: |10 BOOSTER block does not use RCC clock
. 1: 10 BOOSTER block uses RCC clock

IOBOOSTEN: IO BOOSTER enable (see Section 6.5.1 |0 BOOSTER for details).
Bit 17 . 0: |0 BOOSTER block is disabled
. 1: 10 BOOSTER block is enabled.

CLKSLOWSEL: Low speed clock source selection.

. 00: not used

. 01: LSE (external oscillator). This source can be kept during DEEPSTOP mode
. 10: LSI (internal RC). This source can be kept during DEEPSTOP mode

. 11: always 16 MHz divided by 512

Note: No glitch mechanism has been added so glitches may appear on slow clock when the user changes its
source.

Bits
16:15(1)

Bit 14 Reserved, must be kept at reset value.

LPUCLKSEL: Selection of LPUART clock
Bit13(1) | 0: 16 MHz peripheral clock (default)
. 1: LSE clock

SMPSDIV: SMPS clock prescaling factor.
Bit 12 . 0: SMPS clock is 8 MHz
. 1: SMPS clock is 4 MHz

Bit 11 Reserved, must be kept at reset value.

CLKSYSDIV_STATUS: system clock frequency status. Set and cleared by hardware to indicate the actual
system clock frequency. This register must be read to be sure that the new frequency, selected by CLKSYSDIV,
has been applied.

. 000: system clock frequency is 64 MHz
. 001: system clock frequency is 32 MHz
. 010: system clock frequency is 16 MHz
Bit10:8 011: system clock frequency is 8 MHz
. 100: system clock frequency is 4 MHz
. 101: system clock frequency is 2 MHz
. 110: system clock frequency is 1 MHz
. 111: not used.
The current clock frequency switching can be delayed of up to 128 system clock cycles, depending on the RCC
internal counter status at the moment the new CLKSYSDIV is applied.
CLKSYSDIV: System clock divided factor from HSI_64M.
Bits 7.5 000: System clock frequency is 64 MHz (not available when HSESEL=1)
. 001: System clock frequency is 32 MHz
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. 010: System clock frequency is 16 MHz
. 011: System clock frequency is 8 MHz*
. 100: System clock frequency is 4 MHz*
. 101: System clock frequency is 2 MHz*
. 110: System clock frequency is 1 MHz*
. 111: not used

*: If RCC_APB2ENR.MRBLEEN bit is set, writing in CLKSYSDIV one of those values is replaced by a 010b = 16
MHz writing at hardware level.

Warning:

. If the software programs the 64 MHz frequency target while the RCC_CFGR.HSESEL=1, the hardware
switches the system clock tree on HSI64MPLL again (and restarts HSIPLL64M analog block if
RCC_CFGR.STOPHSI=1).

. To switch the system frequency between 64 / 32 / 16 MHz without risk when the MR_BLE is used, prefer
the RCC_CSCMDR register to change the system frequency.

. the MR_BLE frequency must always be equal or less than the CPU/system clock to have functional radio.
Bit 4 Reserved, must be kept at reset value.
HSESEL_STATUS: Clock source selection status.

Bit 3 . 0: RC64MPLL clock source is selected (default)
. 1: Direct HSE clock source is selected

STOPHSI: RC64MPLL clock source stop request
. 0: RC64MPLL is enabled (default)
Bit 2 . 1: RC64MPLL disable requested

Note: If the CLKSYSDIV (from RCC_CFGR or RCC_CSCMDR registers) selects the 64 MHz frequency, the
hardware automatically restarts the RC64MPLL block and switches on the RC64MPLL clock source.

HSESEL: Clock source selection request.
. 0: RC64MPLL clock source is requested (default)

In this case, the fast clock tree is sourced by the RC64MPLL block. The clock can be either the HSI or the
Bit 1 PLL64M if the HSI PLL is locked.

. 1: Direct HSE clock source is requested

In this case, the RC64MPLL block is not used and the maximum available frequency for the system clock tree is
32 MHz.

Bit 0 Reserved, must be kept at reset value.

1. This bit is reset on PORESETn only.
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6.6.3 Clock interrupt enable register (RCC_CIER)
This register controls the enable on interrupt sources.
This register is reset on PADRESETN.
Address offset: 0x18
Reset value: 0x0000 0000
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Bits 31:10 Reserved, must be kept at reset value.

LPURSTIE: LPUART reset release interrupt enable.
Bit 9 . 0: LPUART reset release interrupt is disabled
. 1: LPUART reset release interrupt is enabled

WDGRSTIE: Watchdog reset release interrupt enable.

Bit 8 . 0: Watchdog reset release interrupt is disabled
. 1: Watchdog reset release interrupt is enabled
RTCRSTIE: RTC reset release interrupt enable.
Bit 7 . 0: RTC reset release interrupt is disabled
. 1: RTC reset release interrupt is enabled
HSIPLLUNLOCKDETIE: HSI PLL unlock detection interrupt enable.
Bit 6 . 0: HSI PLL unlocked detection interrupt is disabled

. 1: HSI PLL unlocked detection is enabled

HSIPLLRDYIE: HSI PLL ready interrupt enable.
Bit 5 . 0: HSI PLL locked interrupt is disabled
. 1: HSI PLL locked interrupt is enabled
HSERDYIE: HSE ready interrupt enable.
Bit 4 . 0: HSE ready interrupt is disabled
. 1: HSE ready interrupt is enabled
HSIRDYIE: HSI ready interrupt enable.
Bit 3 . 0: HSI ready interrupt is disabled
. 1: HSI ready interrupt is enabled

Bit 2 Reserved, must be kept at reset value.

LSERDYIE: LSE ready interrupt enable.
Bit 1 . 0: LSE ready interrupt is disabled
. 1: LSE ready interrupt is enabled
LSIRDYIE: LSI ready interrupt enable.
Bit 0 . 0: LSI ready interrupt is disabled
. 1: LSl ready interrupt is enabled
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6.6.4 Clock interrupt flag register (RCC_CIFR)
This register provides the status flag linked to clock source ready state or not. It is also used to clear the flags.
This register is reset on PADRESETN.
Address offset: 0x1C
Reset value: 0x0000 0008
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Bits
31:10 Reserved, must be kept at reset value.
LPURSTF: LPUART reset release flag.
. 0: no LPUART reset release event occurred
. 1: LPUART reset release event occurred. Cleared by writing 1 in this bit

Bit 9 Note: due to asynchronism slow clock/fast clock management, when the software request to release the LPUART
reset by writing in the RCC_APBORSTR.LPUARTRST, the reset release is effective only 2 slow clock periods
or 2 16 MHz clock periods after the APB writing, depending on how it's configured LPUCLKSEL bit in Clocks
Configuration register (RCC_CFGR). This interrupt allows the software to be informed when the reset release is
really done. Note: this flag is also set after any PORESETn.
WDGRSTF: Watchdog reset release flag.
. 0: No watchdog reset release event occurred
. 1: Watchdog reset release event occurred Cleared by writing 1 in this bit.

Bit8 Note: Due to asynchronism slow clock/fast clock management, when the software request to release the
Watchdog reset by writing in the RCC_APBORSTR.WDGRST, the reset release is effective only 2 slow clock
periods after the APB writing. This interrupt allows informing the software when the reset release is really done.

Note: This flag is also set after any PORESETn.

RTCRSTF: RTC reset release flag.

. 0: No RTC reset release event occurred

. 1: RTC reset release event occurred. Cleared by writing 1 in this bit

Bit7 Note: Due to asynchronism slow clock/fast clock management, when the software request to release the RTC
reset by writing in the RCC_APBORSTR.RTCRST, the reset release is effective only 2 slow clock periods after the
APB writing. This interrupt allows informing the software when the reset release is really done.

Note: This flag is also set after any PORESETn.
HSIPLLUNLOCKDETF: HSI PLL unlock detection flag.

Bit 6 . 0: No HSI PLL unlock event occurred
. 1: HSI PLL unlock event occurred. Cleared by writing 1 in this bit

HSIPLLRDYF: HSI PLL ready flag.
Bit 5 . 0: No HSI PLL locked event occurred
. 1: HSI PLL locked event occurred. Cleared by writing 1 in this bit

HSERDYF: HSE ready flag.
. 0: No HSE ready event occurred
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. 1: HSE ready event occurred. Cleared by writing 1 in this bit

HSIRDYF: HSI ready flag.
Bit 3 . 0: No HSI ready event occurred
. 1: HSI ready event occurred. Cleared by writing 1 in this bit

Bit 2 Reserved, must be kept at reset value.

LSERDYF: LSE ready flag.
Bit 1 . 0: No LSE ready event occurred
. 1: LSE ready event occurred. Cleared by writing 1 in this bit

LSIRDYF: LSI ready flag.
Bit 0 . 0: No LSI ready event occurred
. 1: LSI ready event occurred. Cleared by writing 1 in this bit

6.6.5 Clock switch command register (RCC_CSCMDR)
This register allows switching the CPU / system clock frequency safely while the MR_BLE is active.
Requesting a frequency clock switch holds the AHB/APB transfers between the MR_BLE and the rest of the
system to execute safely the clock switching and release AHB / APB transfers as soon as the new frequency is in
place.
A dedicated line of interrupt (instead of the RCC line) is used on the NVIC for the EOFSEQ_IRQ information (see
Table 5. Interrupt vectors).

Note: Anyway, the user must keep the CPU/system frequency at minimum 16 MHz clock when the radio is used.
This register is reset on PADRESETn.
Address offset: 0x20
Reset value: 0x0000 0080
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Bits 31:8 | Reserved, must be kept at reset value.

EOFSEQ_IRQ: End of sequence flag.
0: No end of sequence event occurred

1: End of sequence event occurred. Cleared by writing 1 in this bit.
It is necessary to clear this bit before setting EOFSEQ_IE.

Bit 7

EOFSEQ_IE: End of sequence interrupt enable.
Bit6 - 0: End of sequence interrupt is disabled
. 1: End of sequence interrupt is enabled

STATUS: Status of the switching sequence.

00: IDLE = no switch sequence requested /on-going
. 01: ONGOING = a system clock frequency switch is on-going
. 10: DONE = a system clock frequency switch is done
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. 11: Reserved
This bit field is cleared when EOFSEQ_IRQ bit is cleared.
CLKSYSDIV_REQ: System clock requested/targeted frequency.

Bits 3:1 | same format and same notes/warnings as SYSCLKDIV[2:0] bit field described in Section 6.6.2 Clocks
configuration register (RCC_CFGR).

REQUEST: request to switch the system clock frequency.
Write 1 in this bit to request a system clock frequency switch (using CLKSYSDIV_REQ[2:0] information).
Bito | This bitis cleared by hardware when the clock frequency switch is done.

Note: Writing 0 in this bit aborts the frequency switch sequence if it is not yet finished. This action must not be used
in the normal life of the application except if the end of sequence does not occur after a long time (to unblock the
situation) but this is not supposed to occur.
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6.6.6 AHBO macro cells reset register (RCC_AHBRSTR)

This register allows resetting individually by software each IP located in the AHBO mapping. This register is reset
on PADRESETN.

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RNGRST Res. = PKARST

rw w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. CRCRST Res. Res. Res. | Res. Res. Res. Res. Res. GPIOBRST GPIOARST Res. DMARST

w w w w
Bits 31:19 Reserved, must be kept at reset value.
RNGRST: RNG reset.
Bit 18 . 0: RNG IP is not under reset

. 1: RNG IP is under reset
Bit 17 Reserved, must be kept at reset value.

PKARST: PKA reset.
. 0: PKA IP is not under reset

Bit 16 . 1: PKA IP is under reset
Note: PKA RAM no longer accessible by CPU when this bit is set.
Bits 15:13 Reserved, must be kept at reset value
CRCRST: CRC reset.
Bit 12 . 0: CRC IP is not under reset
. 1: CRC IP is under reset
Bits 11:4 Reserved, must be kept at reset value.
GPIOBRST: 10 controller for port B reset.
Bit 3 . 0: GPIOB IP is not under reset

. 1: GPIOB IP is under reset

GPIOARST: IO controller for port A reset.
Bit 2 . 0: GPIOA IP is not under reset
. 1: GPIOA IP is under reset

Bit 1 Reserved, must be kept at reset value.

DMARST: DMA and DMAMUX reset.
Bit 0 . 0: DMA and DMAMUX IPs are not under reset
. 1: DMA and DMAMUX IPs are under reset

6.6.7 APBO0 macro cells reset register (RCC_APBORSTR)

This register allows resetting individually by software each IP located in the APBO mapping. This register is reset
on PADRESETN.

Note: Each bit is set and reset by the software.
Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
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WDGRST
Res
RTCRST
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Res
Res
2 SYSCFGRST
Res ~
Res o
Res S
Res ~
Res w
TIM17RST  ~
TIM16RST -
TIM2RST o

2
2
2
2
2

Bits 31:15 Reserved, must be kept at reset value.

WDGRST: Watchdog reset.
. 0: Watchdog IP is not under reset

. 1: Watchdog IP is under reset

Bit 14
! Note: Due to asynchronism slow clock/fast clock management, when the software requests to release the RTC

reset by writing 0 in the RCC_APBORSTR.RTCRST, the reset release is effective only 2 slow clock periods after
the APB writing. An interrupt/status flag is available to inform the software when the reset release is really done
(refer to Section 6.6.4 Clock interrupt flag register (RCC_CIFR)).

Bit 13 Reserved, must be kept at reset value.

RTCRST: RTC reset.

. 0: RTC IP is not under reset

. 1: RTC IP is under reset

Note: Due to asynchronism slow clock/fast clock management, when the software request to release the RTC
reset by writing in the RCC_APBORSTR.RTCRST, the reset release is effective only 2 slow clock periods after the

APB writing. An interrupt/status flag is available to inform the software when the reset release is really done (refer
to Section 6.6.4 Clock interrupt flag register (RCC_CIFR)).

Bit 12

Bits 11:9 ' Reserved, must be kept at reset value.

SYSCFGRST: System controller reset.
Bit 8 . 0: System controller IP is not under reset
. 1: System controller IP is under reset

Bits 7:3 | Reserved, must be kept at reset value.

TIM17RST: TIM17 reset.

Bit 2 . 0: TIM17 IP is not under reset
. 1: TIM17 IP is under reset
TIM16RST: TIM16 reset.

Bit 1 . 0: TIM16 IP is not under reset
. 1: TIM16 IP is under reset
TIM2RST: TIM2 reset.

Bit 0 . 0: TIM2 IP is not under reset
. 1: TIM2 IP is under reset

6.6.8 APB1 macro cells reset register (RCC_APB1RSTR)

This register allows resetting individually by software each IP located in the APB1 mapping. This register is reset
on PADRESETN.

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22

N
-

20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

I2C1RST
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w rw w w

Bits 31:22 Reserved, must be kept at reset value.

I12C1RST: 12C1 reset.
Bit 21 . 0: 12C1 IP is not under reset
. 1:12C1 IP is under reset

Bits 20:15 Reserved, must be kept at reset value.

SPI3RST: SPI3 reset.
Bit14 |- 0: SPI3 IP is not under reset
. 1: SPI3 IP is under reset

Bits 13:11  Reserved, must be kept at reset value.

USARTRST: USART reset.
Bit10 |- 0: USART IP is not under reset
. 1: USART IP is under reset

Bit 9 Reserved, must be kept at reset value.

LPUARTRST: LPUART reset.
. 0: LPUART IP is not under reset
. 1: LPUART IP is under reset

Note: due to asynchronism slow clock/fast clock management, when the software request to release the LPUART
reset by writing in the RCC_APB1RSTR.LPUARTRST, the reset release is effective only 2 slow clock periods after
the APB writing. An interrupt/status flag is available to inform the software when the reset release is really done
(see Section 6.6.4 Clock interrupt flag register (RCC_CIFR) registers).

Bit 8

Bits 7:5 | Reserved, must be kept at reset value.

ADCRST: ADC reset.
Bit 4 . 0: ADC IP is not under reset
. 1: ADC IP is under reset

Bits 3:0 | Reserved, must be kept at reset value.
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6.6.9 APB2 macro cells reset register (RCC_APB2RSTR)
This register allows resetting individually by software each IP located in the APB2 mapping (radio).
This register is reset on PADRESETN.
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. MRBLERST

rw
Bits 31:1 Reserved, must be kept at reset value.
MRBLERST: MR_BLE (Bluetooth radio) reset.
Bit 0 . 0: MR_BLE IP is not under reset
. 1: MR_BLE IP is under reset
6.6.10 AHBO macro cells clock enable register (RCC_AHBENR)
This register allows resetting individually by software each IP located in the AHBO mapping.
Note: Each IP clock gating is controlled by only 1 bit which gates both AHB clock and kernel clock when the IP uses
one.
This register is reset on PADRESETn.
Address offset: 0x50
Reset value: 0x0000 000C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res.  Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. RNGREN ' Res. PKAEN
rw w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. CRCREN Res. Res. Res. Res. Res. Res. Res. Res. GPIOBEN GPIOAEN | Res. DMAEN

rw rw w w
Bits 31:19 Reserved, must be kept at reset value.
RNGEN: RNG clock enable.
Bit 18 . 0: RNG IP is clock gated

. 1: RNG IP is clocked
Bit 17 Reserved, must be kept at reset value.

PKAEN: PKA enable.
. 0: PKA IP is clock gated

Bit16 1: PKA IP is clocked
Note: PKA RAM no longer accessible by CPU when this bit is set.
Bits 15:13 Reserved, must be kept at reset value.
CRCEN: CRC enable.
Bit 12 . 0: CRC IP is clock gated
. 1: CRC IP is clocked
Bits 11:4 Reserved, must be kept at reset value.
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GPIOBEN: 10 controller for port B enable.
Bit 3 . 0: GPIOB IP is clock gated
. 1: GPIOB IP is clocked (default)

GPIOAEN: |0 controller for port A enable.
Bit 2 . 0: GPIOA IP is clock gated
. 1: GPIOA IP is clocked (default)

Bit 1 Reserved, must be kept at reset value.

DMAEN: DMA and DMAMUX enable.
Bit 0 . 0: DMA and DMAMUX IPs are clock gated
. 1: DMA and DMAMUX IPs are clocked

6.6.11 APBO0 macro cell clock enable register (RCC_APBOENR)
This register allows gating individually by software the clock of each IP located in the APBO mapping.

Note: Each IP clock gating is controlled by only 1 bit, which gates both APB clock and kernel clock when the IP uses
one.

This register is reset on PADRESETn (except one bit identified with a table footnote).
Address offset: 0x54
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

z = E z zZ =z
» % ) L ) 1) » E » » 0 0 0 L,LJ ‘Eg w
o) Q O Q ] O o Q Q o) o} o} — — q
o4 a 4 = 4 o4 4 3 14 4 4 14 14 s s =
= © > = F =

@]
rw rw rw w w rw

Bits 31:15 Reserved, must be kept at reset value.

WDGEN: Watchdog enable.
. 0: Watchdog IP is clock gated
Bit14 | . 1: Watchdog IP is clocked

WARNING: The software has to wait 2 slow clock cycles before using the IWDOG IP after setting this bit due to a
double resynchronization on slow clock.

Bit 13 | Reserved, must be kept at reset value.
RTCEN: RTC enable.

. 0: RTC IP is clock gated
Bit 12(1) |« 1. RTC IP is clocked

WARNING: The software has to wait 2 slow clock cycles before using the RTC IP after setting this bit due to a
double resynchronization on slow clock.

Bit 11:9  Reserved, must be kept at reset value.

SYSCFGEN: System controller enable.
Bits8 0: System controller IP is clock gated
. 1: System controller IP is clocked

Bits 7:3 | Reserved, must be kept at reset value

TIM17EN: TIM17 enable
Bit 2 . 0: TIM17 IP is clock gated
. 1: TIM17 IP is clocked
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TIM16EN: TIM16 enable
Bit 1 . 0: TIM16 IP is clock gated
. 1: TIM16 IP is clocked

TIM2EN: TIM2 enable
Bit 0 . 0: TIM2 IP is clock gated
. 1: TIM2 IP is clocked

1. This bit is reset on PORESETn only.

6.6.12 APB1 macro cells clock enable register (RCC_APB1ENR)
This register allows gating individually by software the clock of each IP located in the APB1 mapping.

Note: Each IP clock gating is controlled by only 1 bit, which gates both APB clock and kernel clock when the IP uses
one.

This register is reset on PADRESETn.
Address offset: 0x58
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. I2C1EN Res. Res. Res. Res. Res.
w
15 14 13 12 1 10 9 8 7 6 4 3 2 1 0
Z z zZ
7 i e s o
Res. g Res. Res. Res. 5(: Res. EE Res. Res. E o Res. Res. Res. Res.
%) %) 2 (@) 8
) & 2 <
rw w rw w rw

Bits 31:2  Reserved, must be kept at reset value.

I12C1EN: 12C1 enable.
Bit 21 . 0: 12C1 IP is clock gated
. 1:12C1 IP is clocked

Bits 20:15 Reserved, must be kept at reset value.

SPI3EN: SPI3 enable.
Bit14 |- 0: SPI3 IP is clock gated
. 1: SPI3 IP is clocked

Bit 13:11  Reserved, must be kept at reset value.

USARTEN: USART enable.
Bit10 |- 0: USART IP is clock gated
. 1: USART IP is clocked

Bit 9 Reserved, must be kept at reset value.

LPUARTEN LPUART enable.
. 0: LPUART IP is clock gated
Bitg . 1: LPUART IP is clocked
WARNING: the software has to wait for 2 slow clock cycles before using the LPUART IP after setting this bit due to
a double resynchronization on slow clock.
Bits 7:6 | Reserved, must be kept at reset value.

ADCANAEN ADC clock enable for the analog part of the ADC block.
Bit 5 . 0: ADC analog IP is clock gated
. 1: ADC analog IP is clocked
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3

ADCDIGEN ADC clock enable for digital part of the ADC block.
Bit 4 . 0: ADC digital IP is clock gated
. 1: ADC digital IP is clocked

Bits 3:0 | Reserved, must be kept at reset value.
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6.6.13 APB2 macro cells clock enable register (RCC_APB2ENR)
This register allows gating by software the MR_BLE clock located in the APB2 mapping (radio) and programming
the frequency to be used by the MR_BLE IP.
Note: Gating the MR_BLE means both MR_BLE fast and slow clock trees (so including WAKEUP block).
This register is reset on PADRESETn.
Address offset: 0x60
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. | Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res. | Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res.  Res. CLKBLEDIV Res. MRBLEEN

rw w

Bits 31:3 | Reserved, must be kept at reset value.

CLKBLEDIV: MR_BLE (Bluetooth® Low Energy radio) clock frequency selection when
RCC_APB2ENR.MRBLEEN=1.
. 00: Reserved
Note: Writing “00” by software is replaced by a write “01” in hardware.
. 01: 32 MHz
. 10: 16 MHz

Bit2 . 11: Reserved
Warning:
. MR_BLE frequency must always be equal or less than the CPU/system clock to have functional radio.

. When the ratio between system clock frequency and MR_BLE frequency is modified, the AHBUPCONV block
must adapt the clock ratio on APB/AHB bus. Only dynamic CPU system clock switching is managed (see
Section 6.6.5 Clock switch command register (RCC_CSCMDRY))

For this reason, using a static MR_BLE clock configuration is strongly recommended.
Bit 1 Reserved, must be kept at reset value

MRBLEEN: MR_BLE (Bluetooth® Low Energy radio) enable.
Bit0 - 0: MR_BLE IP is clock gated
. 1: MR_BLE IP is clocked
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6.6.14 V33 reset status register (RCC_CSR)

This register provides the reset reason flags. It is set automatically by hardware on any new reset event and must
be cleared by software.

Table 12. Flags versus CPU reboot reason provides a summary of active flags versus reset reason.
This register is reset on PORESETn.

Address offset: 0x94

Reset value: 0x0C00 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

L

TR

2 5 £ o5k w
% o ¥ %] P n » » > % 1) » » » » %
o] =) 0] o @ o) o) s Q ol o) o) 0] o] o]
o < a E DOC <D( 14 o v x 14 14 [v4 o o o

8 = n o o

-

r r r r r rc_wi
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

Bit 31 Reserved, must be kept at reset value.

LOCKUPRSTF: CPU lock-up reset flag.

Bit30 Set by the hardware when a CPU lock-up reset occurs. Reset by writing 1 in RMVF bit.
Bit 29 WDGRSTF: Watchdog reset flag.
Set by the hardware when a watchdog reset occurs. Reset by writing 1 in RMVF bit.
) SFTRSTF: Software reset flag.
Bit28 Set by the hardware when a CPU system reset occurs. Reset by writing 1 in RMVF bit.
Bit 27 PORRSTF: Power-on reset flag.

Set by the hardware when a PORESETN or a BOR reset occurs. Reset by writing 1 in RMVF bit.
PADRSTF: NRSTn pad reset flag.

Bit26 | get by the hardware when a reset from external NRSTn pad occurs but also after any reset. This means the
source of the reset is the NRSTn pad only if all flags are low except this one. Reset by writing 1 in RMVF bit.

Bits 25:24 Reserved, must be kept at reset value.
Bit 23 RMVF: Remove flag reset.
i
Writing 1 in this bit clears all the reset flags of this register. This bit is auto-cleared by the hardware.

Bits 22:0 = Reserved, must be kept at reset value.
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6.6.15 RF software high speed external register (RCC_RFSWHSECR)
This register is reset on PADRESETn.
Address offset: 0x98

Reset value: 0x0000 0030

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res.  Res. SWXOTUNE[5:0] SWXOTUNEE N GMCJ[2:0] SATRG Res. Res. Res.

rw rw rw rw rw rw w rw rw rw rw
Bits 31:14 Reserved, must be kept at reset value.

Bi 3 suu)(o TUNE: RF HSE CapaCItO bank tun|ng value se l)y softw
its 8 are
stead of the trimn (¢} value loaded by W at reset if SWXOTUNEEN bit is set

SWXOTUNEEN: RF HSE software capacitor bank tuning enable.
0: Trimming value readable in RCC_RFHSECR.XOTUNE[5:0] bit field is used as trimming value on HSE

1: Trimming value written in RCC_RFSWHSECR.SWXOTUNE[5:0] bit field is used as trimming value on
HSE

Bit 7

GMC: High speed external 10 current control.

Bits 6:4

- 000:
—001:
—-010:
- 011:
—100:
- 101:
- 110:
- 111:

max. 0.18 mA/V

max
Max
Max
Max
Max

Max

. 0.57 mAlV
.0.78 mAlV
. 1.13 mAV
.0.61 mA/V
. 1.65 mA/V
.2.12 mANV

Max. 2.84 mA/V

Note: This value is set only by software.

SATRG: Sense amplifier threshold.
0: The bias current is confronted to a reference current with a ratio of 1/2
1: The bias current is confronted to a reference current with a ratio of 3/4

Bit 3

Bits 2:0 | Reserved, must be kept at reset value.
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6.6.16 RF high speed external register (RCC_RFHSECR)
This register is reset on PADRESETn.
Address offset: 0x9C

Reset value: 0x0000 0000 when BlueNRG-LPS flash is empty, or else depends on trimmed values flashed in the
sample.

Note: The XOTUNE value depends on the choice of the external XO component. For this reason, the
RCC_RFSWHSECR.SWXOTUNE bit field is the one to program and select before starting the XO.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. XOTUNE[5:0]

r r r r r r

Bits 31:6 | Reserved, must be kept at reset value.
XOTUNE: RF-HSE capacitor bank tuning.

Bits 5:0 | This value is loaded by HW at reset as soon as the Flash controller achieves the reading of the information in Flash
memory.
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6.7 RCC register map

Refer to Section 2.2.2 Memory map and register boundary addresses for the RCC base address location in the
BlueNRG-LPS.

The green cells indicate the register is in the V120 power domain and the salmon cell indicates the register is in
the VBAT (aka V33) power domain. This implies those registers are not reset on DEEPSTOP exit.

Table 15. RCC register map and reset values
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6.8 Programmer model

The BlueNRG-LPS embeds up to 192 kBytes of internal Flash memory. A Flash interface implements instruction
access and data access based on the AHB protocol. It implements the logic necessary to carry out the Flash
memory operations (Program/Erase) controlled through the Flash registers.

6.8.1 Switch the system on the PLL64M clock tree
To switch the system from the HSI clock source to the PLL64M clock source, the user has to:
1. Enable the HSE (32 MHz external crystal)
2. Wait for the HSE ready flag information (through interrupt or by polling)
3. Request to enable the PLL
4.  Wait for the PLL ready flag information (through interrupt or by polling). From this point, the clock source for
the whole fast clock tree is the accurate PLL64M source.

Note: A status flag and an associated interrupt are available to inform the software in case of HSIPLL64M unlock
event. See RCC_CIER and RCC_CIFR registers.

6.8.2 Use the direct HSE instead of the RC64MPLL block

If the application does not target to use the 64 MHz system clock frequency, the system can be configured to use
directly the 32 MHz provided by the external XO (HSE).

This configuration choice is supposed to be static and to be used when 64 MHz is never used.

In this case, the software has to:

1. Ensure the RCC_CR.CLKSYSDIV bit field is programmed with a system frequency less than 64 MHz
2 Enable the external XO (by setting the RCC_CR.HSEON if not yet done)

3.  Wait for the HSE ready flag information (through interrupt or by polling)
4

Set the RCC_CFGR.HSESEL bit to switch the fast clock tree on HSE path. If both clocks (HSI and HSE) are
present, the switch should take around 4 clock cycles

5.  To save power, the software can stop the RC64MPLL analog block by setting the RCC_CFGR.STOPHSI bit.

Note: A hardware mechanism is in place to restart the RC64MPLL and switch back the clock tree on it if the HSERDY
is low or if the CLKSYSDIV bit field has been programmed to request 64 MHz.
The HSE configuration is not lost on a DEEPSTOP sequence. So at wakeup, the system restarts the HSE (thanks
to HEON bit) and clock tree switches HSE back on as soon as the HSERDY flag is set. In the meantime, the clock
tree is run on the RC64MPLL block. If the STOPHSI was high before the DEEPSTOP, the RC64MPLL analog is
switched off as soon as the clock tree is back on HSE path.
Caution: The HSE configuration is not lost on a DEEPSTOP sequence. So at wakeup, the system restarts the
HSE (thanks to HEON bit). However, the SW has to switch the system clock back to HSI or PLL64M path to be
able to enter in DEEPSTOP/SHUTDOWN, so at wakeup:

. the clock tree runs on RC64MPLL block (HSI orPLL64M)

. the SW has to reprogram the HSE mode. However, it is important to avoid the switch of clock tree between
HSI and HSE while the MR_BLE already triggered a wake-up event and started its sequence. The SW has
to anticipate the CPU wakeup to ensure the final clock source is restored before the radio starts any activity.
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6.8.3 Changing the system clock frequency while the MR_BLE is enabled

As long as the MR_BLE is enabled (by setting the RCC_APB2ENR.MRBLEEN), the application software has no
guarantee the radio is running or about to start a sequence that makes the MR_BLE IP perform an AHB access to
the RAM. Changing the system clock, and by this action changing the ratio between MR_BLE clock domain and
system clock domain, could instigate a crash if not managed carefully.

For this reason, a hardware mechanism has been put in place and must be used to change the system frequency
when MR_BLE is ON.

The sequence to execute to change the system clock is the following:

1. Ensure the targeted frequency is greater than or equal to the MR_BLE frequency (visible in
RCC_APB2ENR.CLKBLEDIV[1:0])

2. Program the wanted frequency in the RCC_CSCMDR.CLKSYDIV bit field and set the
RCC_CSCMDR.REQUEST bit

3. Wait for the RCC_CSCMDR.EOFSEQ_IRQ flag information (through interrupt or by polling)

4.  When the flag (and the interrupt if enabled) is set, the system is running on the new frequency

5.  The RCC_CFGR.CLKSYSDIV[1:0] bit field has been updated by hardware to the new frequency value.
Note: If the software requested a frequency below 16 MHz, the current final frequency is 16 MHz (associated value

is readable in the RCC_CFGR.CLKSYSDIV[1:0]). If the software requested a frequency at 16 MHz while the
MR_BLE is clocked at 32 MHz, the wanted frequency is used but the radio scenario is no longer functional.

RM0491 - Rev 1 page 88/579



‘W RM0491

General-purpose 1/0 (GPIO)

7 General-purpose 1/0 (GPIO)

71 Introduction

Each general-purpose I/O port has four 32-bit configuration registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR and GPIOx_PUPDR), two 32-bit data registers (GPIOx_IDR and GPIOx_ODR) and a 32-bit
set/reset register (GPIOx_BSRR). In addition all GPIOs have a 32-bit locking register (GPIOx_LCKR) and two
32-bit alternate function selection registers (GPIOx_AFRH and GPIOx_AFRL).

7.2 GPIO main features

. Output states: push-pull or open drain +pull-up/down

. Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)
. Speed selection for each 1/0

. Input states: floating, pull-up/down, analog

. Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)

. Bit set and reset register (GPIOx_ BSRR) for bitwise write access to GPIOx_ODR

. Locking mechanism (GPIOx_LCKR) provided to freeze the 1/0 port configurations

. Analog function

. Alternate function selection registers

. Fast toggle capable of changing every clock cycle

. Highly flexible pin multiplexing allows the use of I/O pins as GPIOs or as one of several peripheral functions

7.3 GPIO functional description

Subject to the specific hardware characteristics of each I/O port listed in Section 4 1/0 operating modes, each
port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software in several modes:

. Input floating

. Input pull-up

. Input pull-down
. Analog

. Output open-drain with pull-up or pull-down capability

. Output push-pull with pull-up or pull-down capability

. Alternate function push-pull with pull-up or pull-down capability

. Alternate function open-drain with pull-up or pull-down capability

Each 1/0O port bit is freely programmable, however the 1/O port registers have to be accessed as 32-bit words,
half-words or bytes. The purpose of the GPIOx_BSRR and GPIOx_BRR registers is to allow atomic read/modify
accesses to any of the GPIOx_ODR registers. In this way, there is no risk of an IRQ occurring between the read
and the modify access.

Note: Open-drain and analog features are not available on all the I/Os of the BlueNRG-LPS. Refer to Table 6. GPIO
alternate options AF0, AF1 and AF2 modes and Table 7. GPIOs AF3, AF4 and AF6 modes footnotes.

Figure 15. Basic structure of a mixed analog/digital five-volt tolerant I/O port bit and Figure 16. Basic structure
of a digital only five-volt tolerant I/O port bit show the basic structures of a mixed analog/digital 5 V tolerant I/0O
port bit and a digital only 5 V tolerant, respectively. Table 16. Port bit configuration gives the possible port bit
configurations.
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Figure 15. Basic structure of a mixed analog/digital five-volt tolerant I/O port bit
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Figure 16. Basic structure of a digital only five-volt tolerant 1/O port bit
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Table 16. Port bit configuration

MODE(i) [1:0] OSPEED(i) [1:0] PUPD(i) [1:0] 1/0 configuration
0 0 0

GP output PP

0 0 1 GP output PP + PU
0 1 0 GP output PP + PD
0 1 1 Reserved

01 SPEED [1:0]
1 0 0 GP output oD
1 0 1 GP output OD + PU
1 1 0 GP output OD + PD
1 1 1 Reserved (GP output OD)
0 0 0 AF PP
0 0 1 AF PP + PU
0 1 0 AF PP+ PD
0 1 1 Reserved

10 SPEED [1:0]
1 0 0 AF oD
1 0 1 AF OD + PU
1 1 0 AF OD + PD
1 1 1 Reserved
X X X 0 0 Input Floating
X X X 0 1 Input PU

00
X X X 1 0 Input PD
X X X 1 1 Reserved (input floating)
X X X 0 0 Input/output Analog
X X X 0 1

11
X X X 1 0 Reserved
X X X 1 1

Note: GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate function.
Note: Open-drain and analog features are not available on all the I/Os of the BlueNRG-LPS. Refer to Table 6. GPIO

alternate options AF0, AF1 and AF2 modes and Table 7. GPIOs AF3, AF4 and AF6 modes .

7.31 General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and most of the I/O ports are configured in GPIO
input pull-up mode except the SWD debug pins. The debug pins are in AF0 pull-up/pull-down after reset:

. PA2: SWDIO in pull-up
. PA3: SWDCLK in pull-down

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is output on the
I/0 pin. It is possible to use the output driver in push-pull mode or open-drain mode (only the low level is driven,
high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the 1/0O pin at every AHB clock cycle.

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or not depending on the
value in the GPIOx_PUPDR register.
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7.3.2 I/0 pin alternate function multiplexer and mapping

The device I/O pins are connected to on-board peripherals/modules through a multiplexer that allows only one
peripheral alternate function (AF) connected to an I/O pin at a time. In this way, there can be no conflict between
peripherals available on the same I/O pin.

Each 1/0 pin has a multiplexer with up to six alternate function inputs (AF0, AF1, AF2, AF3, AF4, AF6) that can be
configured through the GPIOx_AFRL (for pin 0 to 6) and GPIOx_AFRH (for pin 8 to 15) registers:

. After reset the multiplexer selection is alternate function 0 (AFQ). The 1/Os are configured in alternate
function mode through GPIOx_MODER register.
. The specific alternate function assignments for each pin are detailed in .
In addition to this flexible 1/0O multiplexing architecture, each peripheral has alternate functions mapped onto
different 1/O pins to optimize the number of peripherals available in smaller packages.
To use an /O in a given configuration, the user has to proceed as follows:
. Debug function: after each device reset these pins are assigned as alternate function pins immediately
usable by the debugger host
. System function: MCO and LCO pins have to be configured in alternate function mode
. GPIO: configures the desired I/O as output, input or analog in the GPIOx_MODER register
. Peripheral alternate function:
—  Connect the I/O to the desired AFx in one of the GPIOx_AFRL or GPIOx_AFRH registers.
—  Select the type, pull-up/pull-down and output speed via GPIOx_OTYPER, GPIOx_PUPDR and
GPIOx_OSPEEDER registers, respectively.
—  Configure the desired I/O as an alternate function in the GPIOx_MODER register.
. Additional functions:

—  For the ADC, configure the desired I/O in analog mode in GPIOx_MODER register and configure the
required function in the ADC registers

Note: The user has to disable the pull-up/pull-down, through PWRC registers, on I/Os he configures in analog mode,
in case PWRC_CR1.APC is set.
For the additional functions like Wakeup 1/Os, LSE oscillator, LCO configure the required function in the
related PWRC, RCC, RTC registers. These functions have priority over the configuration in the standard GPIO
registers.
Please refer to Table 9. I/O additional function mapping for the detailed mapping of the alternate function 1/O
pins.

7.3.3 1/0 port control registers
Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 1/0s. The GPIOx_MODER register is used to select
the 1/0 mode (input, output, AF, analog). The GPIOx_OTYPER and GPIOx_OSPEEDR registers are used to
select the output type (push-pull or open-drain) and speed. The GPIOx_PUPDR register is used to select the
pull-up/pull-down whatever the 1/O direction.

7.34 1/0 port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers (GPIOx_IDR and
GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write accessible. The data input through the
I/O are stored into the input data register (GPIOx_IDR), a read-only register. See Section 7.4.9 GPIOA port input
data register (GPIOA_IDR) and Section 7.4.11 GPIOA port output data register (GPIOA_ODR).

7.3.5 1/0 data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register, which allows the application to set and reset
each individual bit in the output data register (GPIOx_ODR). The bit set reset register has twice the size of
GPIOx_ODR.

To each bit in GPIOx_ODR, two control bits in GPIOx_BSRR: BS(i) and BR(i) correspond. When written to 1, bit
BS(i) sets the corresponding ODR(i) bit. When written to 1, bit BR(i) resets the ODR(i) corresponding bit.

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR. If there is
an attempt to both set and reset a bit in GPIOx_BSRR, the set action takes priority.
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Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is a “one-shot” effect that
does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always be accessed directly. The GPIOx_BSRR
register provides a way of performing atomic bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit level: it is
possible to modify one or more bits in a single atomic AHB write access.

7.3.6 GPIO locking mechanism

It is possible to freeze the GPIO control registers by applying a specific write sequence to the GPIOx_LCKR
register. The frozen registers are GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When the right LOCK
sequence is applied to bit 16 in this register, the value of LCKR[15:0] is used to lock the configuration of the
I/Os (during the write sequence the LCKR[15:0] value must be the same). When the LOCK sequence has
been applied to a port bit, the value of the port bit can no longer be modified until the next MCU reset or
peripheral reset. Each GPIOx_LCKR bit freezes the corresponding bit in the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.

The LOCK sequence (refer to GPIO port bit set/register (GPIOxB_BSRR)) can only be performed using a word
(32-bit long) access to the GPIOx_LCKR register due to the fact that GPIOx_LCKR bit 16 has to be set at the
same time as the [15:0] bits.

For more details please refer to LCKR register description in GPIO port bit set/register (GPIOxB_BSRR).

7.3.7 1/0 alternate function input/output

Two registers are provided to select one of the alternate function inputs/outputs available for each 1/0. With these
registers, the users can connect an alternate function to some other pin as required by their application.

This means that a number of possible peripheral functions are multiplexed on each GPIO using the GPIOx_AFRL
and GPIOx_AFRH alternate function registers. The application can thus select any one of the possible functions
for each 1/0. The AF selection signal being common to the alternate function input and alternate function output, a
single channel is selected for the alternate function input/output of a given 1/O.

To know which functions are multiplexed on each GPIO pin, refer to Section 4 /O operating modes.

7.3.8 External interrupt/wake-up lines

All ports have external interrupt capability. To use external interrupt lines, the 10 port must be configured in
input mode. The interruption configuration (level/edge, polarity, mask) has to be done in the system controller
(SYSCFG). See Section 8 System controller (SYSCFG).

7.3.9 Input configuration
When the 1/O port is programmed as input:
. The output buffer is disabled
. The Schmitt trigger input is activated
. The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR register
. The data present on the I/O pin are sampled into the input data register every AHB clock cycle
. A read access to the input data register provides the 1/O state.
Figure 17. Input floating/pull-up/pull-down configurations shows the input configuration of the /O port bit.
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Figure 17. Input floating/pull-up/pull-down configurations
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7.3.10 Output configuration

When the 1/O port is programmed as output:
. The output buffer is enabled:

—  Open drain mode: A “0” in the Output register activates the N-MOS whereas a “1” in the Output register
leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-pull mode: A “0” in the Output register activates the N-MOS whereas a “1” in the Output register
activates the P-MOS

. The Schmitt trigger input is activated

. The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR register
. The data present on the 1/O pin are sampled into the input data register every AHB clock cycle

. A read access to the input data register gets the I/Ostate

. A read access to the output data register gets the last written value

Figure 18. Output configuration shows the output configuration of the I/O port bit.

Figure 18. Output configuration
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7.3.11 Alternate function configuration
When the 1/O port is programmed as alternate function:
. The output buffer can be configured in open-drain or push-pull mode
. The output buffer is driven by the signals coming from the peripheral (transmitter enable and data)
. The Schmitt trigger input is activated
. The weak pull-up and pull-down resistors are activated or not depending on the value in the GPIOx_PUPDR
register
. The data present on the 1/O pin are sampled into the input data register every AHB clock cycle
. A read access to the input data register gets the I/O state.

Figure 19. Alternate function configuration shows the alternate function configuration of the I/O port bit.

Figure 19. Alternate function configuration
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7.3.12 Analog configuration

When the 1/O port is programmed as analog configuration:
. The output buffer is disabled

. The Schmitt trigger input is deactivated, providing zero consumption for every analog value of the 1/O pin.
The output of the Schmitt trigger is forced to a constant value (0).

. The pull-up and pull-down resistors have to be disabled by the software or else the associated analog
feature does not work as expected.

. Read access to the input data register gets the value“0”.

Figure 20. High impedance-analog configuration shows the high-impedance, analog-input configuration of the 1/0
port bit.
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Figure 20. High impedance-analog configuration
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7.3.13 Using the LSE oscillator pins as GPIOs

When the LSE oscillator is switched OFF (default state after reset), the related oscillator pins can be used as
normal GPIOs.

When the oscillator is configured in user external clock mode, only the OSC32_IN pin is reserved for clock input
and the OSC32_OUT pin can still be used as normal GPIO.

Note: The high speed oscillator (HSE) OSC_IN and OSC_OUT pins are dedicated oscillator pins and can not be used
as GPIO.
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7.4 GPIO registers

This section gives a detailed description of the GPIO registers.

For a summary of register bits, register address offsets and reset values, refer to Table 17. GPIO register map
and reset values . The peripheral registers can be written in word, half word or byte mode.

741 GPIOA port mode register (GPIOA_MODER)
Address offset: 0x00
Reset values:
. 0x0000 00A0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. Res. | MODE11[1:0] MODE10[1:0] MODE9[1:0] MODES[1:0]
rw rw rw rw rw rw rw rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. MODES3[1:0] MODEZ2[1:0] MODE1[1:0] = MODEO[1:0]

rw rw rw w rw rw rw w

MODEy[1:0]: Port A configuration bits (y = 0..15).
These bits are written by software to configure the 1/0 mode.
00: Input mode
Bits 01: General purpose output mode
2y+1:2y
10: Alternate function mode

11: Analog mode
Note: When configuring a pad in analog mode, the user must take care to disable the associated pull-up/down to
avoid pollution on the analog signal.

7.4.2 GPIOB port mode register (GPIOB_MODER)
Address offset: 0x00
Reset values:
. 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] MODE14[1:0] MODE13[1:0] MODE12[1:0] Res. Res. Res. Res. Res. Res. Res. Res.
rw w 'w w w w w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] = MODE6[1:0] = MODES5[1:0] = MODE4[1:0] MODE3[1:0] MODE2[1:0] MODE1[1:0] MODEO[1:0]

rw w rw w w rw rw rw rw rw rw rw w rw rw rw

MODEy[1:0]: Port B configuration bits (y = 0..15).
These bits are written by software to configure the 1/0 mode.
00: Input mode
Bits 01: General purpose output mode
2y+1:2y
10: Alternate function mode

11: Analog mode
Note: When configuring a pad in analog mode, the user must take care to disable the associated pull-up/down to
avoid pollution on the analog signal.
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743 GPIOA port output type register (GPIOA_OTYPER)
Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. | Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. | Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. | Res. Res.  OT11  OT10 OT9 OT8 Res.  Res. Res. Res. OT3 | OT2 OT1 OT0

rw rw rw rw rw w rw rw

Bits 31:16 Reserved, must be kept at reset value.
OTy: Port A configuration bits (y = 0..15).

These bits are written by software to configure the 1/0 output type.

Bits 15:0
0: Output push-pull (reset state)
1: Output open-drain
744 GPIOB port output type register (GPIOB_OTYPER)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OT15  OT14 OT13 OT12 Res. Res. Res. | Res. OT7 OT6 OT5  OT4 OT3 OT2 OT1 OTO
rw w w rw w rw w w rw w w rw

Bits 31:16 Reserved, must be kept at reset value.

OTy: Port B configuration bits (y = 0..15).
Bits 15:0 These bits are written by software to configure the 1/0 output type.
its 15:

0: Output push-pull (reset state)

1: Output open-drain
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7.4.5 GPIOA port output speed register (GPIOA OSPEEDR)
Address offset: 0x08
Reset values:
. 0x0000 0030

31 30 29 28 27 | 26 | 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. OSPEED11[1:0] OSPEED10 [1:0] OSPEED9 [1:0] OSPEEDS [1:0]

rw rw rw rw rw rw rw rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. OSPEED3[1:0] OSPEED2[1:0] OSPEED1 [1:0] OSPEEDO [1:0]

rw w rw w rw w rw w

) OSPEEDy[1:0]: Port A configuration bits (y = 0..15).
Bits 2y+1:2y
These bits are written by software to configure the I/O output speed.

7.4.6 GPIOB port output speed register (GPIOB_OSPEEDR)
Address offset: 0x08
Reset values:
. 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

OSPEED15 OSPEED14 OSPEED13 OSPEED12
[1:0] [1:0] [1:0] [1:0] Res. Res. Res. Res. Res. Res. Res. | Res.

rw rw rw rw rw rw rw rw
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0

OSPEED? OSPEED6 OSPEED5 OSPEED4 = OSPEED3 = OSPEED2 = OSPEED1 = OSPEEDO
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]

'w 'w 'w rw 'w 'w 'w 'w w w w w w w w w

OSPEEDy[1:0]: Port B configuration bits (y = 0..15).

Bits 2y+1:2y
These bits are written by software to configure the I/O output speed.
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7.4.7 GPIOA port pull-up/pull-down register (GPIOA_PUPDR)
Address offset: 0x0C
Reset values:
. 0x0055 0095
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. | Res. Res. | Res. Res. PUPD11[1:0] PUPD10[1:0] PUPD9[1:0] PUPD8[1:0]
rw rw rw rw rw rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. Res. Res. | Res. Res. | Res.  Res. PUPD3J[1:0] PUPD2[1:0] PUPD1[1:0] PUPDO[1:0]
rw rw rw rw rw rw rw rw
PUPDy[1:0]:Port A configuration bits (y = 0..15).
These bits are written by software to configure the 1/O pull-up or pull-down.
00: No pull-up, pull-down
Bits 2y+1:2y P PP
01: Pull-up
10: Pull-down
11: Reserved
Note: When PWRC_CR1[4] = APC bit is set, GPIOA_PUPDR has no effect on the behavior. When PWRC_CR1[4] =
APC bit is not set, GPIOA_PUPDR pull configuration is not effective under low power modes.
7.4.8 GPIOB port pull-up/pull-down register (GPIOB_PUPDR)
Address offset: 0xOC Reset values:
. 0x0055 5555
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPD15[1:0] = PUPD14[1:0] @ PUPD13[1:0] A PUPD12[1:0] @ Res. | Res. | Res. Res. Res. Res. Res. Res.
w rw rw rw rw rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PUPD7[1:0] PUPD6[1:0] PUPD5[1:0] PUPD4[1:0] = PUPD3[1:0] PUPD2[1:0] @ PUPD1[1:0] | PUPDO[1:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
PUPDy[1:0]: Port B configuration bits (y = 0..15).
These bits are written by software to configure the 1/O pull-up or pull-down.
00: No pull-up, pull-down
Bits 2y+1:2y P PP
01: Pull-up
10: Pull-down
11: Reserved
Note: When PWRC_CR1[4] = APC bit is set, GPIOB_PUPDR has no effect on the behavior. When PWRC_CR1[4] =

APC bit is not set, GPIOB_PUPDR pull configuration is not effective under low power modes.
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74.9 GPIOA port input data register (GPIOA_IDR)
Address offset: 0x10
Reset value: 0x0000 XXXX (where X means undefined)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. | Res. [ID12 ID11  ID10 | ID9 ID8 @ Res.  Res. Res.  Res. ID3 ID2 ID1 IDO
r r r r r r r r r
Bits 31:16 | Reserved, must be kept at reset value.
IDy: Port A input data bit (y = 0..15).
Bits 15:0 y P v )
These bits are read-only. They contain the input value of the corresponding I/O port.
7.4.10

GPIOB port input data register (GPIOB_IDR)
Address offset: 0x10

Reset value: 0x0000 XXXX (where X means undefined)

31 30 29 28 27 26 25 24 23 22

21 20 19 18 17 16
Res. | Res. | Res. Res. Res. Res.

Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8

ID15 ID14 | ID13 ID12 Res. Res. Res.

Res. ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

r r r r r r r

Bits 31:16 | Reserved, must be kept at reset value.
IDy: Port B input data bit (y = 0..15).
Bits 15:0 y P v )

These bits are read-only. They contain the input value of the corresponding 1/O port.
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7.4.11 GPIOA port output data register (GPIOA_ODR)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. | Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. | Res. Res. | OD11  OD10  OD9 OD8 Res. Res. Res. Res. OD3 OD2 OD1 ODO

rw rw rw rw rw rw rw w

Bits 31:16  Reserved, must be kept at reset value.
ODy: Port A output data bit (y = 0..15).

Bits 15:0 = These bits can be read and written by software.
Note: For atomic bit set/reset, the OD bits can be individually set and/or reset by writing to the GPIOx_BSRR or
GPIOx_BRR registers (x = A, B).

7.412 GPIOB port output data register (GPIOB_ODR)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

OD15 OD14 | OD13 OD12 Res. Res. Res. Res. OD7 OD6 OD5 OD4 OD3 OD2 OD1 ODO

rw w rw rw rw 'w rw w rw rw w rw

Bits 31:16 Reserved, must be kept at reset value.
ODy: Port B output data bit (y = 0..15).

Bits 15:0 = These bits can be read and written by software.
Note: For atomic bit set/reset, the OD bits can be individually set and/or reset by writing to the GPIOx_BSRR or
GPIOx_BRR registers (x = A, B).
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7413 GPIOA port bit set/reset register (GPIOA_BSRR)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. BR11 BR10 BR9 BR8 Res. Res. Res. | Res. BR3 BR2 BR1 BRO

w w w w w w w w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. BS11 BS10 BS9 BS8 Res. Res. Res. | Res. BS3 BS2 BS1 BSO

w w w w w w w w

BRy: Port A reset bity (y = 0..15).

These bits are write-only. A read to these bits returns the value 0x0000.
Bits 31:16 0: No action on the corresponding ODx bit

1: Resets the corresponding ODx bit

Note: If both BSx and BRx are set, BSx has priority.

BSy: Port A set bit y (y= 0..15).
Bits 15:0 These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODx bit

1: Set the corresponding ODx bit

7.414 GPIOB port bit set/reset register (GPIOB_BSRR)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 BR13 BR12 | Res. Res. Res. | Res. BR7 BR6 BR5 BR4 BR3 BR2  BR1 BRO
w w w w w w w w w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
BS15 BS14 BS13 | BS12 Res. Res. Res. Res. BS7 BS6  BS5 BS4 | BS3 BS2 BS1 BSO

w w w w w w w w w w w w

BRYy: Port B reset bit y (y = 0..15).

These bits are write-only. A read to these bits returns the value 0x0000.
Bits 31:16 0: No action on the corresponding ODx bit

1: Resets the corresponding ODx bit

Note: If both BSx and BRx are set, BSx has priority.

BSy: Port B set bit y (y=0..15).
Bits 15:0 These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODXx bit

1: Set the corresponding ODx bit
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7.4.15 GPIOA port configuration lock register (GPIOA_LCKR)

This register is used to lock the configuration of the port bits when a correct write sequence is applied to bit 16
(LCKK). The value of bits [15:0] is used to lock the configuration of the GPIO. During the write sequence, the
value of LCKR[15:0] must not change. When the LOCK sequence has been applied on a port bit, the value of this
port bit can no longer be modified until the next MCU reset or peripheral resets.

Note: A specific write sequence is used to write to the GPIOX_LCKR register. Only word access (32-bit long) is
allowed during this locking sequence.

Each lock bit freezes a specific configuration register (control and alternate function registers).
Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. LCKK

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. LCK11 LCK10 LCK9 LCK8 Res. Res. Res. Res. LCK3  LCK2 LCK1 LCKO

'w r'w w 'w 'w 'w w w

Bits

31:17 Reserved, must be kept at reset value.

LCKK: Lock key.

This bit can be read any time. It can only be modified using the lock key write sequence. 0: Port configuration lock
key not active

0: Port configuration lock key not active

1: Port configuration lock key active. The GPIOx_LCKR register is locked until the next MCU reset or peripheral
reset. LOCK key write sequence:

WR LCKR[16] = ‘1’ +LCKR[15:0]
WR LCKR[16] = ‘0’ + LCKR[15:0]
WR LCKR[16] = ‘1’ + LCKR[15:0]
RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)

Note: During the LOCK key write sequence, the value of LCK[15:0] must not change. Any error in the lock
sequence aborts the lock. After the first lock sequence on any bit of the port, any read access on the LCKK bit
returns ‘1’ until the next MCU reset or peripheral reset.

LCKy: Port A lock bit y (y=0..15).

] These bits are read/write but can only be written when the LCKK bit is ‘0, using the specific sequence described in
Bits | |CKK bit description.

Bit 16

15:0
0: Port configuration not locked
1: Port configuration locked
7.4.16 GPIOB port configuration lock register (GPIOB_LCKR)

This register is used to lock the configuration of the port bits when a correct write sequence is applied to bit 16
(LCKK). The value of bits [15:0] is used to lock the configuration of the GPIO. During the write sequence, the
value of LCKR[15:0] must not change. When the LOCK sequence has been applied on a port bit, the value of this
port bit can no longer be modified until the next MCU reset or peripheral resets.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access (32-bit long) is
allowed during this locking sequence.
Each lock bit freezes a specific configuration register (control and alternate function registers).
Address offset: 0x1C
Reset value: 0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. |Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. LCKK

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15  LCK14 LCK13 LCK12 Res. Res. Res. Res. LCK7 LCK6 LCK5 LCK4 LCK3 LCK2 LCK1  LCKO

'w 'w w 'w 'w 'w 'w 'w 'w w 'w 'w

Bits

31:17 Reserved, must be kept at reset value.

LCKK: Lock key.

This bit can be read any time. It can only be modified using the lock key write sequence. 0: Port configuration lock
key not active

0: Port configuration lock key not active

1: Port configuration lock key active. The GPIOx_LCKR register is locked until the next MCU reset or peripheral
reset. LOCK key write sequence:

WR LCKR[16] = ‘1’ +LCKR[15:0]
WR LCKR[16] = ‘0’ + LCKR[15:0]
WR LCKR[16] = ‘1’ + LCKR[15:0]
RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)

Note: During the LOCK key write sequence, the value of LCK[15:0] must not change. Any error in the lock
sequence aborts the lock. After the first lock sequence on any bit of the port, any read access on the LCKK bit
returns ‘1’ until the next MCU reset or peripheral reset.

LCKYy: Port B lock bit y (y=0..15).

These bits are read/write but can only be written when the LCKK bit is ‘0, using the specific sequence described in

Bits | | CKK bit description.
15:0

Bit 16

0: Port configuration not locked

1: Port configuration locked
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7.417 GPIOA alternate function low register (GPIOA_AFRL)
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFSEL3([3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
rw rw rw rw rw w w w w rw rw rw rw rw w w

y[3:0]: Alternate function selection for port A piny (y = 0..7).

These bits are written by software to configure alternate function 1/Os.
AFSELy selection:

0000: AFO

0001: AF1

0010: AF2

0011: AF3

0100: AF4

0110: AF6

Bits 31:0

others: Reserved

7.4.18 GPIOB alternate function low register (GPIOB_AFRL)
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSELA4[3:0]
w rw rw rw rw rw w w w w w rw rw rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
w w rw rw rw rw w w 'w w w rw rw rw w 'w

y[3:0]: Alternate function selection for port B pin y (y = 0..7).

These bits are written by software to configure alternate function 1/Os.
AFSELy selection:

0000: AFO

0001: AF1

0010: AF2

0011: AF3

0100: AF4

0110: AF6

others: Reserved

Bits 31:0
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7.4.19 GPIOA alternate function high register (GPIOA_AFRH)
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELB8[3:0]
rw rw rw rw rw w w w w rw rw rw rw rw rw w

y[3:0]: Alternate function selection for port A piny (y = 8..15).

These bits are written by software to configure alternate function 1/Os.
AFSELy selection:

0000: AFO

0001: AF1

0010: AF2

0011: AF3

0100: AF4

0110: AF6

Bits 31:0

others: Reserved

7.4.20 GPIOB alternate function high register (GPIOB_AFRH)
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]
w rw rw rw rw rw w w w w rw rw rw rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

'w rw w w w w rw w w 'w rw w rw w w rw

y[3:0]: Alternate function selection for port B pin y (y = 8..15).

These bits are written by software to configure alternate function 1/Os.
AFSELy selection:

0000: AFO

0001: AF1

0010: AF2

0011: AF3

0100: AF4

0110: AF6

Others: Reserved

Bits 31:0

7.4.21 GPIOA port bit reset register (GPIOA_BRR)
Address offset: 0x28
Reset value: 0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. | Res. Res. BR11 BR10 BR9 BR8 Res. | Res. Res. Res. BR3 | BR2 BR1 BRO

w w w w w w w w

BRYy: Port A reset bity (y = 0..15).

These bits are write-only. A read to these bits returns the value 0x0000.

Bits 15:0
0: No action on the corresponding ODx bit
1: Resets the corresponding ODx bit
7.4.22 GPIOB port bit reset register (GPIOB_BRR)

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. | Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BR15 BR14 | BR13 BR12 Res. | Res. Res. Res. BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

w w w w w w w w w w w w

BRYy: Port B reset bity (y = 0..15).
Bits 15:0 These bits are write-only. A read to these bits returns the value 0x0000.
its 15:
0: No action on the corresponding ODx bit

1: Resets the corresponding ODx bit
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7.5

The following table gives the GPIO register map and reset values.

Table 17. GPIO register map and reset values
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3

Refer to Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses for the register
boundary addresses.
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System controller (SYSCFG)

8 System controller (SYSCFG)

The system controller is a set of registers (configuration, control and status) linked to system features of the
BlueNRG-LPS device.

8.1 SYSCFG main features
The system controller set of registers are mainly linked to:
. Provide the JTAG_ID, Die ID and cut version
. Manage the interrupts linked to GPIO feature
. Manage the interrupts linked to the power controller (PWRC)
. Manage the interrupt linked to MR_BLE reception and transmission sequences
. Enable/disable 12C fast-mode plus driving capability on some 1/Os

Note: This peripheral is in the non-retained power domain so all settings done in the associated registers are lost after
a DEEPSTOP.

8.2 System controller register description

8.21 Die ID register (DIE_ID)

This register provides the device version and cut information.
Address offset: 0x00
Reset value: 0x0000 0120

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. | Res. PRODUCT][3:0] VERSIONI[3:0] REVISION[3:0]
r r r r r r r r r r r r
Bits 31:12 Reserved, must be kept at reset value
Bits 11:8 PRODUCT: Product version
Bits 7:4 VERSION: Cut version
Bits 3:0 REVISION: Cut revision (metal fix)
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System controller register description

8.2.2 JTAG ID register (JTAG_ID)
This register provides the JTAG ID of the BlueNRG-LPS.

Note: The same information is also available through direct SWD access to test registers.
Address offset: 0x04
Reset value: 0x0202 8041

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VERSION_NUMBER][3:0] PART_NUMBER[15:4]

r r r r r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PART_NUMBERJ3:0] MANUF_ID[10:0] Res.
r r r r r r r r r r r r r r r r

Bits 31:28 VERSION_NUMBER: Version.

Bits 27:12 PART_NUMBER: Part number

Bits 11:1 MANUF_ID: Manufacturer ID
Bit 0 RESERVED
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System controller register description

8.2.3 12C Fast-Mode Plus pin capability control register (12C_FMP_CTRL)
This register allows activating the fast-mode Plus driving capability on 12C open-drain pads.
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
o o o o
= = = =
[V [T [T [T
! o | o
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. o o < <
n.l n.l n.I n.l
13 13 3) 13
N N N N
w rw w rw

Bits 31:4 | Reserved, must be kept at reset value.

12C1_PB7_FMP: 12C1 Fast-Mode Plus driving capability for I2C1_SDA on PB7 1/O.
Bit 3 . 0: PB7 pin operated in standard mode

. 1: FM+ mode is enabled on PB7 pin, and speed control is bypassed

12C1_PB6_FMP: 12C1 Fast-Mode Plus driving capability for I2C1_SCL on PB6 I/O.
Bit 2 . 0: PB6 pin operated in standard mode

. 1: FM+ mode is enabled on PB6 pin, and speed control is bypassed

12C1_PA1_FMP: I12C1 Fast-Mode Plus driving capability for I2C1_SDA on PA1 I/O.
Bit 1 . 0: PA1 pin operated in standard mode

. 1: FM+ mode is enabled on PA1 pin, and speed control is bypassed

12C1_PAO_FMP: I12C1 Fast-Mode Plus driving capability for I2C1_SCL on PAO I/O.

Bit 0 . 0: PAO pin operated in standard mode
. 1: FM+ mode is enabled on PAO pin, and speed control is bypassed
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8.24 I/0O interrupt detection type register (I0_DTR)
Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
= = = = = = = = = = = =
& S I~ & @ @ @ @ S, 5, 5, e, 5, e, 5, e,
© 3 ® o Q Q Q Q ~ © rey < ™ N — o
o o o o o o o o m @ m m i) m @ M
o o s o o o o o o o o o
rw w w rw rw rw w rw rw w rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

= = = = = = = =
1) 7] @ 7] D| D| a o @ 7] » @ o o o o
8 8 8 8 - o o o 8 @ 8 8 - o _l o

< g & & & & & &

rw rw rw rw rw rw rw rw

PBx_DT (x=15 to 0): Interrupt detection type for port B I/Os.
Bits 31:16 . 0: Edge detection

. 1: Level detection

PAx_DT (x=15 to 0): Interrupt detection type for port A 1/Os.

Bits 15:0 . 0: Edge detection
. 1: Level detection

RM0491 - Rev 1 page 118/579



m RM0491

System controller register description

8.2.5 1/0 interrupt edge register (I0_IBER)
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

w L w L
@ @ @ @ . . @ @ @ @ &0 @ @ @
! ' ! ' 3 3 3 2 N = ~ ~ = = = =
0 A ® o i h ¥ h ~ © 7o) < ) o - o
o o o o m M m M m m m s}
& a & a o o o o a o a a
rw rw rw w rw w rw w rw rw rw rw
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Ea L w w w w w w

. o o .

S S " S e T e T T S N S " S N e T A O R T
4 o 4 (04 = - ] Q 4 o 4 (04 « N = 2
g < & = & & = =
rw w rw w rw rw rw rw

PBx_IBE (x=15 to 0): Interrupt edge selection for port B I/Os.
Bits 31:16 . 0: Single edge detection

. 1: Both edges detection

PAx_IBE (x=15 to 0): Interrupt edge selection for port A I/Os.
Bits 15:0 . 0: Single edge detection

. 1: Both edges detection
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8.2.6 1/0O interrupt polarity event register (I0_IEVR)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
> > > >
W w w w . @ 0 4 @ 4 0 o 0
! ' ! ! 3 3 3 3 ~ ~ ~ - = = = =
0 ) ® o 4 & 4 e ~ © 0 < ) N - o
o o o 2 0 M M m m s} m s}
a a a & o [on a o a o a [on
rw rw w rw w rw rw rw rw w rw w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
> >
. . if ] @ o . o o @ @
3 2 3 4 ! o ) = 3 2 4 4 ) - I -
4 4 (4 4 = - ] © o o 4 4 « N = 2
sz & & £ 8 & £
rw rw w rw rw rw rw w rw w rw w

PBx_IEV (x=15 to 0): Interrupt polarity event for port B I/Os.
Bits 31:16 . 0: Falling edge / low level

. 1: Rising edge / high level

PAx_IEV (x=15 to 0): Interrupt polarity event for port A 1/Os.
Bits 15:0 . 0: Falling edge / low level

. 1: Rising edge / high level
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8.2.7 1/0O interrupt enable register (I0_IER)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
£ < £ £ . w w w w w w w w
o < o ~ @ @ @ @ I I I I I I _ I
= = 5 = 4 @ @ 4 o @ @ > 3 o o 2
o a a o a o o o o a o o
rw rw rw rw rw rw rw rw w rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
. w w w L . L ww i L
g & 8 & < 2 4 & & & & & o & 2 <
14 o [h4 [h4 E & E E [h4 o o [h4 E E E E
rw rw rw rw w rw rw rw
PBx_IE (x=15 to 0): Interrupt enable for port B 1/Os.
Bits 31:16 . 0: Interrupt is disabled
. 1: Interrupt is enabled
PAx_IE (x=15 to 0): Interrupt enable for port A 1/Os.
Bits 15:0 . 0: Interrupt is disabled

. 1: Interrupt is enabled
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8.2.8 I/O Interrupt status and clear register (I0_ISCR)
Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
O O O O
2 2 2 ° . . L, 4, & @ @ ¥ @ 3 3 3
S S S
o o o o m m m m m m m m
a a o a o o a o o o o o
rc wl  rc_wl rc_wl rc_wi rc wl rcwl rcwl rcwl rcwl rcwl rcwl rcwi
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Q Q ) [$) @) [$) [$) [$)
. . 2] N )
s | s || 2213 53|85 2225
o o h4 o - -~ > @ [h4 o [h4 o @ N > 2
g g g & & & & &
rc wl  rc_wl rc_wl rcwi rc wl  rcwl rcwl rcwi
PBx_ISC (x=15 to 0): Interrupt status (before mask) for port B 1/Os.
Bits 31:16 0: No pending interrupt
. 1: Event occurred on corresponding I/O / interrupt occurred (if enabled).
Cleared by writing 1 in the bit
PAx_ISC (x=15 to 0): Interrupt status (before mask) for port A 1/Os.
Bits 15:0 . 0: No pending interrupt
st . 1: Event occurred on corresponding 1/O / interrupt occurred (if enabled).

Cleared by writing 1 in the bit
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8.2.9 Power controller interrupt enable register (PWRC_IER)
This register allows control of the enable or mask on the interrupt sources of the power controller (PWRC) block.
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

; = w )
1)) (72} (2] 2] 1] " 1] [%2] [%2] [%2] 1] 1] [%2] o | [%2]
[0] [0) [0) [0] [0] [0] [0) 0] 0] [0] [0) [0) 0] =) [a)] [0]
14 14 14 14 4 14 14 14 04 14 14 14 14 Z S (4
; o
w rw

Bits 31:3 Reserved, must be kept at reset value.

WKUP_IE: Power controller wake-up event interrupt enable.
Bit 2 . 0: Interrupt on wake-up event seen by the PWRC is disabled
. 1: Interrupt on wake-up event seen by the PWRC is enabled

PVD_IE: Programmable voltage detector interrupt enable.
Bit 1 . 0: PVD interrupt is disabled
. 1: PVD interrupt is enabled

Bit 0 Reserved, must be kept at reset value.
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8.2.10 Power controller interrupt status and clear register (PWRC_ISCR)
This register allows checking the status and clear the interrupt sources of the power controller (PWRC) block.
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

3 %)
17 17 17 17 7 17 7 17 ) 17 17 17 7 — <2 17
o) o) o} o} o) o) o} o} o) o) o) o} o) o I o}
1 o x 04 [v4 [1d x 14 04 1 o x [v4 D g 04
< a
rc wl | rc_wi

Bits 31:3 Reserved, must be kept at reset value.
WKUP_ISC: Indicates the power controller receives a wake-up event.

. 0: No pending interrupt
Bit2 . 1: Wake-up event on PWRC occurred / interrupt occurred (if enabled). Cleared by writing 1 in the bit.

This flag is read at 1 if a wake-up event arrives so close to the low-power mode entry requests that the PWRC
aborts before shutting down the system.

PVD_ISC: Programmable voltage detector status.
. 0: No pending interrupt
Bit 1 . 1: Voltage went under programmed threshold / interrupt occurred (if enabled).

Cleared by writing 1 in the bit.
See Section 5.3.2 Power voltage detection (PVD) for details.

Bit 0 Reserved, must be kept at default value.
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8.2.11 MR_BLE RX or TX sequence information detection type register (BLERXTX_DTR)

This register allows selecting the type of detection (level or edge) on RX_SEQUENCE and TX_SEQUENCE
coming from the MR_BLE IP.

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. RX DT TXDT

Bits 31:2 Reserved, must be kept at reset value.
RX_DT: Detection type on RX_SEQUENCE signal:
Bit 1 . 0: Detection on edge (default)
. 1: Detection on level
TX_DT: Detection type on TX_SEQUENCE signal:
Bit 0 . 0: Detection on edge (default)
. 1: Detection on level
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8.2.12 MR_BLE RX or TX sequence information detection type register (BLERXTX_IBER)

This register is used to activate RX_SEQUENCE and TX_SEQUENCE signal detection on single edge or both
edges when edge detection type is active.

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RX_IBE | TX_IBE

Bits 31:2 Reserved, must be kept at reset value.

RX_IBE: Interrupt edge register on RX_SEQUENCE signal:
Bit 1 . 0: Detection on single edge (default)
. 1: Detection on both edges

TX_IBE: Interrupt edge register on TX_SEQUENCE signal:
Bit 0 . 0: Detection on single edge(default)
. 1: Detection on both edges
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8.2.13 MR_BLE RX or TX sequence information detection event register (BLERXTX_IEVR)
This register defines the polarity of the RX_SEQUENCE and TX_SEQUENCE signals detection.
Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RX_IEV | TX_IEV

Bits 31:2 Reserved, must be kept at reset value.

RX_IEV: Interrupt polarity event on RX_SEQUENCE signal:

Bit 1 . 0: Detection on falling edge / low level (default)

. 1: Detection on rising edge / high level

TX_IEV: Interrupt polarity event on TX_SEQUENCE signal:
Bit 0 . 0: Detection on falling edge / low level (default)

. 1: Detection on rising edge / high level
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8.2.14 MR_BLE RX or TX sequence information detection interrupt enable register (BLERXTX_IER)
This register defines the interrupt enable of the RX_SEQUENCE and TX_SEQUENCE signals.
Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. | Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RX_IE RXE

Bits 31:2 Reserved, must be kept at reset value.

RX_IE: RX_SEQUENCE interrupt enable on RX_SEQUENCE signal:
Bit 1 . 0: RX_SEQUENCE interrupt disabled (default)
. 1: RX_SEQUENCE interrupt enabled

TX_IE: TX_SEQUENCE interrupt enable on TX_SEQUENCE signal:
Bit 0 . 0: TX_SEQUENCE interrupt disabled (default)
. 1: TX_SEQUENCE interrupt enabled
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8.2.15 MR_BLE RX or TX sequence information detection status and clear register (BLERXTX_ISCR)

This register allows checking the status and clear the interrupt linked to the RX_SEQUENCE and
TX_SEQUENCE information provided by the MR_BLE IP.

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L L
. Q 9 9) &)
» ] 1) » ] ) » » ) % » ] w ] 2} 2]
[0) Q Q [0) Q Q [0 Q Q [0) [0) Q %) | |
4 14 14 (24 4 14 14 4 14 14 4 14 2} @ = <
x| o =
% i~
r r rc_wcl | rc_wrl

Bits 31:4 | Reserved, must be kept at reset value

RX_ISEDGE: interrupt edge status on RX_SEQUENCE signal:
Bit3 . 0: falling edge on RX_SEQUENCE detected
. 1: rising edge on RX_SEQUENCE detected

TX_ISEDGE: interrupt edge status on TX_SEQUENCE signal:
Bit2 . 0: falling edge on TX_SEQUENCE detected
. 1: rising edge on TX_SEQUENCE detected

RX_ISC: Interrupt status on RX_SEQUENCE signal (can be a rising or a falling edge depending on
BLERXTX_IEVR and BLERXTX_IBER):

Bit1 . 0. No activity on RX_SEQUENCE detected
. 1: Activity on RX_SEQUENCE occurred
TX_ISC: Interrupt status on TX_SEQUENCE signal (can be a rising or a falling edge depending on
BLERXTX_IEVR and BLERXTX_IBER):

Bit 0

. 0: No activity on TX_SEQUENCE detected
. 1: Activity on TX_SEQUENCE occurred
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8.3 System controller register map

Refer to Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses for the system
controller base address location in the BlueNRG-LPS.

Table 18. SYSCFG register map and reset values
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u L

0x20 PWRC_IER
Reset value
0x24 PWRC_ISCR
Reset value
0x28
BLERXTX_DTR
0x2c
BLERXTX_IBER
0x30
BLERXTX_IEVR
0x34
BLERXTX_IER
0x38
BLERXTX_ISCR
0x3C
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o RX_ISEDGE
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o WKUP_ISC o WKUP_I
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PVD_|I
Res.

o

PVD_ISC
Res

o

Re
o RX_DT
o TX DT

Res.
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Res.

o TXIB o TX_IBV
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o RXIE o RXIEV o RXIBE

TX_ISC

o TX_ISEDGE

RX_ISC

o
o
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9 Embedded Flash memory

The Flash controller implements the erase and programs Flash memory operation. The Flash controller also
implements the read and write protection.

9.1 Flash main features
Flash memory features:
. Up to 192 kbytes of Flash memory single bank architecture.
. Memory organization: 1 bank
—  main memory: up to 192 kbytes
—  page size: 2 kBytes
. 32-bit wide data read
. 32-bit wide data write
. Page erase (2 kbytes) and mass erase.
Flash controller features:
. Flash memory read operations
. Flash memory write operations: single data write or 4x32-bits burst write (to reduce programming time by 4)
. Flash memory erase operations
. Flash readout protection and disable of debug access
. Page write protect mechanism

9.2 Description
The Flash memory is organized as follows:
. Main memory block containing 96 pages of 2 kBytes. Each page is made of 8 rows of 256 bytes (64 words).

Erasing the whole Flash results in every bit cell of the Flash.

In parallel, the Flash controller manages 1 kB OTP (one-time programmable) for user data. The OTP data cannot
be erased. The OTP data area can no longer be written only as soon as the last word (address 0x1000_1BFC) is
different from OxFFFF_FFFF and a system reset occurred.

The Flash is mapped on the AHB-Lite bus with the range described below.

Table 19. Flash memory section address

m Flash AHB start address Flash AHB end address

main Flash 0x1004_0000 0x1006_FFFF("
User OTP 0x1000_1800 0x1000_1BFF

1. Depends on Flash size. See Table 22. Flash size information.
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Refer to Table 3. BlueNRG-LPS memory map and peripheral register boundary addresses for the Flash controller
base address location in the BlueNRG-LPS.

Table 20. Flash APB registers

Address Description
offset i

0x00

0x04

0x08

0x0C

0x10

0x14

0x18

0x24

0x34

0x38

0x3C

0x40

Ox44

0x48

0x4C

COMMAND

CONFIG

IRQSTAT

IRQMASK

IRQRAW

FLASH_SIZE

ADDRESS

LFSRVAL

PAGEPROTO

PAGEPROT1

RESERVED

DATAO

DATA1

DATA2

DATA3

16

14

32

32

32

32

32

32

32

32

RwW

RC

RwW

RC

RO

RwW

RO

Rw

RwW

RwW

RwW

RwW

RwW

RwW

0x0000_0000

0x000_0018

0x0000_0000

0x0000_003F

0x0000_0001

0x000- ----
(depends on the
device)

0x0000_0000

OXFFFF_FFFF

0x0000_0000

0x0000_0000

0x0000_0000

OXFFFF_FFFF

OXFFFF_FFFF

OXFFFF_FFFF

OXFFFF_FFFF

Commands for the module. See Section 9.4.1 Command
register (COMMAND)

Configure the wrapper. See Section 9.4.2 Configuration
register (CONFIG)

Flash status interrupts (masked). See
Section 9.4.3 Interrupt status register (IRQSTAT).

Mask for interrupts. See Section 9.4.4 Interrupt mask
register (IRQMASK).

Status interrupts (unmasked). See Section 9.4.5 Raw
status register (IRQRAW).

Indicates the last usable address of the main Flash and the
RAM size. See Section 9.4.6 SIZE register.

Address for programming Flash, auto-increments. See
Section 9.4.7 Address register (ADDRESS).

LFSR register needed for check after MASS READ
command. See Section 9.4.8 Linear feedback shift register
(LFSRVAL).

Write/page erase protection management register. See
Section 9.4.9 Main Flash page protection registers
(PAGEPROTXx) (PAGEPRTO).

Write/page erase protection management register. See
Section 9.4.9 Main Flash page protection registers
(PAGEPROTX) (PAGEPRT1).

UNUSED

Program cycle data. See Section 9.4.10 Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10 Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10 Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10 Data registers
(DATAO-DATA3).

1. Acronym meaning: RW: read and write RC: read and write to clear RO: read only.
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94 Flash controller register description

9.4.1 Command register (COMMAND)
Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. COMMAND

w

Bits 31:8 | Reserved, must be kept at reset value.

COMMAND: Command opcode to launch any operation on Flash memory. Refer to Table 21. Command list

Bit 7:0 available for customer

Table 21. Command list available for customer

Command | Flash sector Description Command
Opcode

ERASE Main memory | Erase page defined by register ADDRESS 0x11
WRITE" Main memory | Program one location (defined by registers DATA and ADDRESS) 0x33

Read all locations and compare with DATA register value or produce

MASSREAD | Main memory LFSR signature

0x55

Put Flash in sleep mode.

Warning: Once this command is launched, no access (read) nor

SLEEP Whole memory | action (any command except WAKE) on the Flash component is OxAA
possible until the WAKE command is requested (and associated
CMDDONE status is returned)

WAKEUP Whole memory Get Flash out of sleep mode. 0xBB

Program 4 locations (ADDRESS — ADDRESS+3) with data in DATAO-

BURSTWRITE | Main memory DATAS3 registers

0xCC

One time writable 1 kBytes for customer
OTPWRITE User OTP OxEE
No erase nor second programming is possible

KEYWRITE | Main memory @ Write the customer key used to protect the main Flash OxFF

1. Each address can be programmed only twice without erase operation in between.

Status bit behavior versus commands:

. Writing to the COMMAND register starts the action that is performed on the Flash
. The CMDSTART flag goes and stays high until it is cleared

. When the command has finished the CMDDONE flag goes high

. When a MASS READ command was given and when CMDDONE is high, the READOK flag can be checked
or the LFSRVAL register can be read (contains the signature of the mass read)

The sequences to use the different commands are described in Section 9.5 Programmer model.
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Configuration register (CONFIG)

Address offset: 0x04
Reset value: 0x0000 0018

9.4.2
31 30 29
Res. Res. Res.

15 14 13

Res
Res.
Res

28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
12 11 10 9 8 7 6 5 4 3 2 1 0

L
=
(%) [
z 5 s
% » » » @ @» % [ @ o < »
o) o) o) Q o) o) Q n Q ) = Q
14 14 14 12 14 14 14 | 14 (e} i} x
: 5 F
= QI
o
w w rw w

Bits 31:6 | Reserved, must be kept at reset value.

Bits 5:4

Bit 3

Bit 2

Bit 1
Bit0

WAIT_STATES: Number of wait states to be inserted on Flash read (AHB accesses).

The Flash embedded in the BlueNRG-LPS device in Section 6.8 Programmer model requires 1 wait_state when
system clock frequency is 64 MHz.

Reserved, must be kept at reset value.
DIS_GROUP_WRITE:

. 0: Burst write operations areallowed/enabled
. 1: Burst write operations are blocked and result on a single write

Note: If this bit is set during an on-going burst write operation, the Flash controller stops the write operation at the
end of the current word writing even if some words are still to be written.

REMAP: Bit to redirect boot area on SRAMO.

Reserved, must be kept at reset value.

The Flash can be read in one system clock cycle (the best for power consumption) when the system clock is 32
MHz maximum.
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9.4.3 Interrupt status register (IRQSTAT)
The interrupt status register shows the masked version of the interrupt raw register.
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2 %)

= s = [ [

! [ ! bk g

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. o) g % 15 %
<D): &] o 1] 8

@ = 3 S =

[v4 = O 5 )

rc_wi1 rc_w1 rc_wi1 rc_wi1 rc_wi1

Bits 31:5 | Reserved, must be kept at reset value.

READOK_MIS: Mass read OK masked interrupt status.
This bit is set at the end of a MASSREAD operation if all the words read in the memory match the DATAO register

Bit4 value.
Cleared by writing 1.
Bit3 ILLCMD_MIS: lllegal command masked interrupt status.
This bit is set when a bad opcode command is written in the COMMAND register. Cleared by writing 1.
) CMDERR_MIS: Command error masked interrupt status.
Bit2 This bit is set if a command opcode is written in COMMAND register while the Flash is busy. Cleared by writing 1.
) CMDSTART_MIS: Command started masked interrupt status.
Bt This bit is set once the requested command execution has started. Cleared by writing 1.
Bito CMDDONE_MIS: Command done masked interrupt status.

This it is set once the requested command execution is completed. Cleared by writing 1.

The CMDDONE and CMDSTART bits are updated a few clock cycles after the requested command has been
started by writing to the COMMAND register.

Note: Clearing a bit by writing in IRQSTAT (respectively IRQRAW) register also cleared the same bit in IRQRAW
(respectively IRQSTAT) register as they are referring to a common condition/event.

RM0491 - Rev 1 page 136/579



m RM0491

Flash controller register description

9.4.4 Interrupt mask register (IRQMASK)

The mask bit in IRQMASK masks the condition in the status register IRQSTAT and prevents the generation from
the interrupt.

Address offset: 0x0C
Reset value: 0x0000 003F

31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. READOKM ' ILLCMDM  CMDERRM CMDSTARTM CMDDONEM

rw rw w rw rw
Bits 31:5 Reserved, must be kept at reset value.
READOKM: Mass read OK mask.
Bit 4 . 0: Enable interrupt on “Mass read OK” event
. 1: Disable interrupt on “Mass read OK” event
ILLCMDM: lllegal command mask.
Bit 3 . 0: Enable interrupt on “illegal command”event
. 1: Disable interrupt on “illegal command”event
CMDERRM: Command error mask.
Bit 2 . 0: Enable interrupt on “command error” event
. 1: Disable interrupt on “command error” event
CMDSTARTM: Command started mask.
Bit 1 . 0: Enable interrupt on “command started” event
. 1: Disable interrupt on “command started” event
CMDDONEM: Command done mask.
Bit 0 . 0: Enable interrupt on “command done” event
. 1: Disable interrupt on “command done” event
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9.4.5 Raw status register (IRQRAW)
The raw status register shows the unmasked condition of interrupt events.
Address offset: 0x10
Reset value: 0x0000 0001

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 % 2 2
74 x o I I
v [ o' K g
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. o) % % ,‘E %
<D( ] [a) 1] 8
4 = (&) s )
rc_wi1 rc_w1 rc_wi1 rc_wi1 rc_wi1

Bits 31:5 | Reserved, must be kept at reset value.
READOK_RIS: Mass read OK raw/unmasked interrupt status.

This bit is set at the end of a MASSREAD operation if all the words read in the memory match the DATAO register
value.

Bit 4
Cleared by writing 1.
ILLCMD_RIS: lllegal command raw/unmasked interrupt status.
Bit3 | This bit is set when a bad opcode command is written in the COMMAND register.
Cleared by writing 1.
Bit 2 CMDERR_RIS: Command error raw/unmasked interrupt status.
This bit is set if a command opcode is written in COMMAND register while the Flash is busy. Cleared by writing 1.

CMDSTART_RIS: Command started raw/unmasked interrupt status. This bit is set once the requested command
Bit1  execution has started.

Cleared by writing 1.
CMDDONE_RIS:
Bit0  Command done raw/unmasked interrupt status. This it is set once the requested command execution is completed.

Cleared by writing 1.

The CMDDONE and CMDSTART bits are updated a few clock cycles after the requested command has been
started by writing to the COMMAND register.

Note: Clearing a bit by writing in IRQSTAT (respectively IRQRAW) register also cleared the same bit in IRQRAW
(respectively IRQSTAT) register as they are referring to a common condition/event.
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9.4.6 SIZE register
Address offset: 0x14
Reset value: 0x000- ---- (depends on the device)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. SWD_DISABLE FLASH_SECURE Res. Res.

%5 14 13 12 M 10 9 8 7 6 5 4 3 2 1.0
FLASH_SIZE[15:0]

r

Bits 31:19  Reserved, must be kept at reset value.

SWD_DISABLE: Flash +SWD protection:
Bit20 - 0: No SWD protection (refer to FLASH_SECURE)
. 1: FLASH and SWD protected
FLASH_SECURE: Flash memory protection:
Bit19 |- 0: The main FLASH is not protected
. 1: The main FLASH is protected through a customer key

Bit 18:16 | Reserved, must be kept at reset value.

FLASH_SIZE: Indicates the last usable address of the Flash using memory component address format. See
Table 22. Flash size information for relation between address at Flash component level and AHB address

mapping.

Bits 15:0  ° 0x3FFF: 64 kB of main Flash are available on this device
. 0x7FFF: 128 kB of main Flash are available on this device
. O0x9FFF: 160 kB of main Flash are available on this device
. O0xBFFF: 192 kB of main Flash are available on this device.

Table 22. Flash size information

Main flash size Highest usable address at Flash level) Highest usable address at AHB level

64 kB Ox3FFF 0x1004_4FFC
128 kB Ox7FFF 0x1005_5FFC
160 kB O0x9FFF 0x1006_7FFC
192 kB OxBFFF 0x1006_FFFC

1. Value seen in FLASH_SIZE bit field.
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9.4.7 Address register (ADDRESS)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
XADDR[9:0] YADDRI5:0]
w w
Bits 31:16 Reserved, must be kept at reset value.
XADDR][9:0]:

Bits 15:6 . XADDR][9:3]: Page number (from 0 to 95)
. XADRR[2:0]: Row number (from 0 to 7)

Bits 5:0 YADDR[5:0]: Word number inside the selected row (from 0 to 63)

Address to provide to the Flash is not the AHB device mapping address but the address respecting Flash
component format.

The main Flash is composed of 96 pages containing 8 rows each with 64 words = 256 bytes by row.
To program the ADDRESS register, the formula is the following:

. XADDRJ[9:0] = AHB address bit [17:8]

. YADDR([5:0] = AHB address bit [7:2]

Example 1: To program a word (32-bit) at AHB address 0x1005_0454:

. XADDR][9:0] = AHB address bit [17:8] = 0x104

. YADDR([5:0] = AHB address bit [7:2] = 0x15

. ADDRESS register = 0x4115
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9.4.8 Linear feedback shift register (LFSRVAL)
The LFSRVAL register contains the signature issued by a MASSREAD command.

The LFSRVAL register is initialized with all ones when the MASS READ command is written to the COMMAND
register. Then every read value is put through the LFSR.

The final signature can be read in this register once the CMDDONE information is set.
Address offset: 0x24
Reset value: OXFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LFSRVAL[31:16]

r r r r r r r r r r r r r r r r
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LFSRVAL[15:0]

r r r r r r r r r r r r r r r r

Bits 31:0  LSFRVAL: Signature after a MASSREAD command, generated through a linear feedback shift register block.

9.4.9 Main Flash page protection registers (PAGEPROTX)

The PAGEPROTX register allows protecting from accidental write a contiguous set of pages called segment in the
following description. A maximum of four segments can be defined.

An example of usage is available in Section 9.5.7: Write page protection example.
PAGEPROTO

Address offset: 0x34

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEG1[15:0]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEGO[15:0]
w
Bits

31:16 SEG1: Second segment definition. See SEGO description for details on SEG1[15:0] content.

SEGO: First segment definition.

A segment SEGx is built as follows:
. SEGXx[15]: Reserved
. SEGx[14:8] = OFFSET: Page number to start the write protection (value between 0 and Ox5F)
. SEGX[7]: Reserved
Bit 15:0  ° SEGx[6:0] = SIZE: number of 2 kB pages to protect including the starting page (provided in SEGx[14:8])

Note: . SIZE=0 means no segment defined so if all segments have SIZE=0, then no write protection
is applied on the whole FLASH.
. The segments can overlap, the protection on a page is guaranteed if at least one segment

covers this page.

. If OFFSET + SIZE > 95d so exceeds the maximum size of the FLASH, the end of the
segment is positioned on the maximum allowed address.

PAGEPROTO01
Address offset:0x38

RM0491 - Rev 1 page 141/579



RM0491

Flash controller register description

3

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEG3[15:0]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEG2[15:0]
'w

Bits 31:16 A SEG3: Fourth segment definition. See PAGEPROTO SEGO description for details on SEG3[15:0] content.
Bit 15:0 | SEG2: Third segment definition. See PAGEPROTO0 SEGO description for details on SEG2[15:0] content.
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9.4.10 Data registers (DATA0-DATA3)
The DATAO register needs to be written with:
. The desired value written to the Flash location (for single write or mass write).

. The desired compare value for a (mass) read operation, the flag READOK indicates if there was a match or
not. For mass read, all read values must match for READOK.

The DATA1-DATAS registers need to be written only for burst write.
DATAO0

Address offset: 0x40
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 2 19 18 17 16
DATAO[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATAO[15:0]
w

DATAO: This register has several uses:
. Data to write in Flash in single write mode
Bits 31:0 * First data to be written in Flash on a burst write
. Compared value for a MASSREAD command (useful only if Flash is fully written with the same word)

Note: In this last case, the flag READOK indicates whether there was a match or not at the end of the mass read.

DATA1

Address offset: 0x44
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA1[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA1[15:0]
w

Bits 31:0 DATAA1: Data that are written at ADDRESS+1 during a BURSTWRITE command.
its 31:
Note: This register is used only on burst write.

DATA2

Address offset: 0x48
Reset value: OxFFFF FFFF
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA2[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA2[15:0]
w

Bits 31:0 DATAZ2: Data that are written at ADDRESS+2 during a BURSTWRITE command.
its 31:
Note: This register is used only on burst write.

DATA3

Address offset: 0x4C
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 2 19 18 17 16
DATA3[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA3[15:0]
w

Bits 31:0 DATAZ3: Data that are written at ADDRESS+3 during a BURSTWRITE command.
its 31:
Note: This register is used only on burst write.

9.5 Programmer model

The BlueNRG-LPS embeds up to 192 kBytes of internal Flash memory. A Flash interface implements instruction
access and data access based on the AHB protocol. It implements the logic necessary to carry out the Flash
memory operations (Program/Erase) controlled through the Flash registers.

9.5.1 General information

Writing to Flash only allows clearing bits from ‘1’ to ‘0’. This means any write from ‘0’ to ‘1’ implies erasing before
performing a write.

Flash memory is composed of 96 pages containing 8 rows of 64 words (96 x 8 x 64 = 49152 words). Each word is
32-bit = 4 byte long, which means 192 kB of Flash.

The address inside the Flash controller ADDRESS register is built as follows: ADDRESS[15:0] = XADRJ[9:0] &
YADR([5:0] with:

. XADRJ9:3] = page address

. XADRJ[2:0] = row address

. YADR[5:0] = word address (one word = four bytes)

Note: One specific address can be written only twice between two erase actions even if each writing only clears bit 1.
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9.5.2 Read function examples
There are two possible read accesses:

. Read one single word: simple read as if SRAM memory: read the desired Flash address and get read data
on the bus

. MASSREAD command: read the full Flash memory and compare with expected content
There are two ways of using MASSREAD:

. Full Flash contains a fixed 32-bit pattern: indicate the expected pattern (value to be compared with each
read value inside Flash) in the Flash controller DATA register and check the READOK flag in the Flash
controller interrupt register once the command is completed

. Otherwise: request a MASSREAD command without specifying any expected read value and check the
LFSRVAL register once the command is completed. This LFSRVAL register contains a signature of the
memory read

MASSREAD sequence:

. Write in the Flash controller DATA register the expected value (if MASSREAD is used in combination with
the READOK flag)

. Write the MASSREAD command (0x55) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1" in the Flash controller IRQSTAT register

. Then, wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that
the command is completed

. Check the READOK flag (expected high) in the IRQSTAT register or the LFSRVAL register value to ensure
Flash memory content is the expected result

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register.

9.5.3 Erase function examples
The Flash controller allows erasing one page.

ERASE sequence (erase one page):

. Write the page address to be erased by writing in the Flash controller ADDRESS register the following value:
—  ADDRESS[15:9] = XADR[9:3] = page address to erase
— ADDRESSJ8:0] = 9'b0 (row and word addresses at zero)

. Write the ERASE command (0x11) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating command
is taken into account and under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register
. After this command, the erased page contains bits set to ‘1’ only.

9.5.4 Write function examples

The Flash controller allows writing one word (WRITE), up to 4 words (BURSWRITE) or the full main Flash
memory (with a single fixed word).

Note: As a write can only program to ‘0’ on bits already set to ‘1’, it is necessary to erase the page and request that the
bits are set to ‘1’ (instead of ‘0’) in order to re-write to ‘0.

RM0491 - Rev 1 page 145/579



m RM0491

Programmer model

WRITE sequence:

. Indicate the location to write by filling the Flash controller ADDRESS register with the targeted address
(page, row and word number)

. Write the value to program in the Flash controller DATA register
. Write the WRITE command (0x33) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1" in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register.
BURSTWRITE sequence:

. Indicate the location to write by filling the Flash controller ADDRESS register with the targeted address of
the first data to write (page, row and word number). DATAO is written at ADDRESS, DATA1 at ADDRESS+1,
etc.

. Write the values to program in the Flash controller DATAOQ-3 registers. To write less than four words, write
OxFFFFFFFF in the unused DATA1-3 registers

. Write the BURSTWRITE command (0xCC) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register.
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9.5.5 Enabling protection example

The device offers three levels of protection to prevent application cloning and/or altering of application code. The
different levels are described in Table 23. System memory protection. It is important to note that disabling of SWD
access is an irreversible operation.

Table 23. System memory protection

Debugger can access and modify Flash
None OxFFFFFFFF OxFFFFFFFF Not applicable memory and RAM content. This is the default
configuration.

Debugger cannot read or modify both Flash

Readout O0xAAAAAAAA OxAAAAAAAA | Perform mass erase
memory and RAM content.

This selection is

SWD 0xABACABAD O0xABACABAD . )
irreversible

Debugger connection is not possible.

This configuration is forbidden and can lead to

Not specified Any other value | Any other value Not applicable unrecoverable damage of the device.

In order to activate the desired level of protection, the following KEYWRITE sequence should be used:
. Write DATAO (LSB key) and DATA1 (MSB key) registers with the value to program

. Write OXC7EF584D to DATA2 and 0xB3A21096 to DATA3

. Write the KEYWRITE command (0OxFF) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode), indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register.
The keys are activated (and Flash and RAM banks are protected) after a reset.

9.5.6 OTP function example
OTPWRITE sequence:

. Write DATAO register with the value to program (no burst write feature is available as only few bytes to be
written once only)

. Write ADDRESS register according to the following rule:
—  ADDRESS[15:9] = do not care (page number frozen by hardware on this command)
— ADDRESS[8:6]=0,1,20r3
—  ADDRESS[5:0] = full area possible (from 0x00 to 0x3F)

. Write the OTPWRITE command (OxEE) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode), indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the FlashController IRQSTAT register.

Note: The OTP locations are following Flash memory rules, that is, a second write only flips bit from 1 to 0. If the
user wishes to lock the OTP values and prevent any further modification in the OTP area, they must write the

last OTP word (address 0x10001BFC) with a value different from OxFFFFFFFF and perform system reset. The
operation of locking the OTP area is irreversible.
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9.5.7 Write page protection example

Example to write protect against accidental programming knowing the Flash starts at address 0x1004_0000 and
contains 96 pages of 2 kB (pages 0 to 95)

. the address ranges 0x1004C000-0x1004FFFF
Starting page: 0xC000 / 0x800 = 0x18

. SEGO0[14:8] = 0x18 (OFFSET = 0x18)

Number of pages: (0x10000 - 0xC000) / 0x800 = 0x8

. SEGO0[6:0] = 0x8 (SIZE = 0x8)

. and the address ranges 0x1005E000-0x1005FFFF
Starting page: Ox1E000 / 0x800 = 0x3C

. SEG1[14:8] = 0x3C (OFFSET = 0x3C)

Number of pages: (0x20000 - 0x1E000) / 0x800 = 0x4
Conclusion: program the PAGEPROTO = 0x3C041808.
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10 DMA controller (DMA)

10.1 DMA introduction

Direct memory access (DMA) is used in order to provide high-speed data transfer between peripherals and
memory as well as memory-to-memory. Data can be quickly moved by DMA without any CPU actions. This keeps
CPU resources free for other operations.

The DMA has an arbiter to handle the priority between DMA requests.

10.2 DMA main features

. Eight independently configurable channels (requests)

. Each of the eight channels is connected to dedicated hardware DMA requests, software trigger is also
supported on each channel. This configuration is done by software

. Priorities between requests from channels of the DMA are software programmable (4 levels consisting of
very high, high, medium, low) or hardware in case of equality (request 1 has priority over request 2, etc.)

. Independent source and destination transfer size (byte, half word, word), emulating packing and unpacking.
Source/destination addresses must be aligned on the data size

. Support for circular buffer management

. 3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error) logically ORed together
in a single interrupt request for each channel

. Memory-to-memory transfer (SRAMO/SRAM1)

. Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral transfers

. Access to SRAMs, APB0 and APB1 peripherals as source and destination

. Programmable number of data to be transferred: up to 65536.

10.3 DMA functional description

The DMA controller performs a direct memory transfer by sharing the system bus with the other masters of the
device. The DMA request may stop the CPU access to the system bus for some bus cycles, when the CPU

and DMA are targeting the same destination (memory or peripheral). The bus matrix implements round-robin
scheduling, thus ensuring at least half of the system bus bandwidth (both to memory and peripheral) for the CPU.

10.3.1 DMA transactions

After an event, the peripheral sends a request signal to the DMA controller. The DMA controller serves the
request depending on the channel priorities. As soon as the DMA controller accesses the peripheral, an
acknowledge is sent to the peripheral by the DMA controller. The peripheral releases its request as soon as

it gets the acknowledge from the DMA controller. Once the request is deasserted by the peripheral, the DMA
controller releases the acknowledge. If there are more requests, the peripheral can initiate the next transaction. In
summary, each DMA transfer consists of three operations:

. The loading of data from the peripheral data register or a location in memory addressed through an
internal current peripheral/memory address register. The start address used for the first transfer is the base
peripheral/memory address programmed in the DMA_CPARXx or DMA_CMARX register

. The storage of the data loaded to the peripheral data register or a location in memory addressed through an
internal current peripheral/memory address register. The start address used for the first transfer is the base
peripheral/memory address programmed in the DMA_CPARx or DMA_CMARX register

. The post-decrementing of the DMA_CNDTRX register, which contains the number of transactions that has
still to be performed.

RM0491 - Rev 1 page 149/579



‘,_l RM0491

DMA functional description

10.3.2 Arbiter

The arbiter manages the channel requests based on their priority and launches the peripheral/memory access
sequences.

The priorities are managed in two stages:
. Software: each channel priority can be configured in the DMA_CCRX register. There are four levels:
—  Very high priority
—  High priority
—  Medium priority
—  Low priority
. Hardware: if 2 requests have the same software priority level, the channel with the lowest number gets the
priority versus the channel with the highest number. For example, channel 2 gets the priority over channel 4

10.3.3 DMA channels

Each channel can handle DMA transfer between a peripheral register located at a fixed address and a memory
address. The amount of data to be transferred (up to 65535) is programmable. The register which contains the
amount of data items to be transferred is decremented after each transaction.

Programmable data sizes

Transfer data sizes of the peripheral and memory are fully programmable through the PSIZE and MSIZE bits in
the DMA_CCRXx register.

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after each transaction
depending on the PINC and MINC bits in the DMA_CCRXx register. If incremented mode is enabled, the address
of the next transfer is the address of the previous one incremented by 1, 2 or 4 depending on the chosen

data size. The first transfer address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current transfer addresses (in the
current internal peripheral/memory address register) are not accessible by software.

If the channel is configured in non circular mode, no DMA request is served after the last transfer (that is once the
number of data items to be transferred has reached zero). In order to reload a new number of data items to be
transferred into the DMA_CNDTRX register, the DMA channel must be disabled.

Note: If a DMA channel is disabled, the DMA registers are not reset. The DMA channel registers (DMA_CCRX,
DMA_CPARx and DMA_CMARYX) retain the initial values programmed during the channel configuration phase.

In circular mode, after the last transfer, the DMA_CNDTRX register is automatically reloaded with the initially
programmed value. The current internal address registers are reloaded with the base address values from the
DMA_CPARx/DMA_CMARX registers.

Channel configuration procedure
The following sequence should be followed to configure a DMA channelx (where x is the channel number).

1. Set the peripheral register address in the DMA_CPARX register. The data are moved from/to this address
to/from the memory after the peripheral event.

2.  Setthe memory address in the DMA_CMARX register. The data are written to or read from this memory after
the peripheral event.

3.  Configure the total number of data to be transferred in the DMA_CNDTRXx register. After each peripheral
event, this value is decremented.

4.  Configure the channel priority using the PL[1:0] bits in the DMA_CCRX register.

5.  Configure data transfer direction, circular mode, peripheral and memory incremented mode, peripheral and
memory data size, and interrupt after half and/or full transfer in the DMA_CCRX register.

6. Activate the channel by setting the ENABLE bit in the DMA_CCRX register.
As soon as the channel is enabled, it can serve any DMA request from the peripheral connected on the channel.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is generated if the
half-transfer interrupt enable bit (HTIE) is set. At the end of the transfer, the transfer complete flag (TCIF) is set
and an interrupt is generated if the transfer complete interrupt enable bit (TCIE) is set.

Circular mode
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Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC scan mode). This
feature can be enabled using the CIRC bit in the DMA_CCRX register. When circular mode is activated, the
number of data to be transferred is automatically reloaded with the initial value programmed during the channel
configuration phase, and the DMA requests continue to be served.

Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral. This mode is called
memory-to-memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers as soon as it is enabled
by software by setting the enable bit (EN) in the DMA_CCRXx register. The transfer stops once the DMA_CNDTRXx
register reaches zero. Memory-to-memory mode may not be used at the same time as circular mode.

10.3.4 Programmable data width, data alignment and endians

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 24. Programmable data width and endian behavior (when PINC=MINC=1 and NDT=4).

Note that NDT means number of data items to transfer.

Table 24. Programmable data width and endian behavior (when PINC=MINC=1 and NDT=4)

Transfer operation

Dest content

addr / data

@0x0 /B0 Read BO[7:0] @0x0 then write BO[7:0]@0x0 @O0x0 /B0
@O0x1/B1 Read B1[7:0] @0x1 then write B1[7:0] @0x1 @O0x1/B1
8=>8 @0x2 /B2 Read B2[7:0] @0x2 then write B2[7:0] @0x2 @0x2 /B2
@0x3 /B3 Read B3[7:0] @0x3 then write B3[7:0] @0x3 @O0x3 /B3
@O0x0 /B0 Read B0[7:0] @0x0 then write 00B0[15:0] @0x0 @O0x0 /00B0
8 => 16 @O0x1/B1 Read B1[7:0] @0x1 then write 00B1[15:0] @0x2 @0x2 /00B1
@0x2 /B2 Read B2[7:0] @0x2 then write 00B2[15:0] @0x4 @O0x4 / 00B2
@0x3 /B3 Read B3[7:0] @0x3 then write 00B3[15:0] @0x6 @0x6 / 00B3
@0x0 /B0 Read BO[7:0] @0x0 then write 000000B0[31:0] @0x0 @0x0 / 000000B0
g > 32 @0x1/B1 Read B1[7:0] @0x1 then write 000000B1[31:0] @0x4 @0x4 / 000000B1
@O0x2 /B2 Read B2[7:0] @0x2 then write 000000B2[31:0] @0x8 @0x8 / 000000B2
@O0x3 /B3 Read B3[7:0] @0x3 then write 000000B3[31:0] @0xC @O0xC / 000000B3
@0x0/B1B0 Read B1B0[15:0] @0x0 then write BO[7:0] @0x0 @0x0 /B0
1628 @0x2 / B3B2 Read B3B2[15:0] @0x2 then write B2[7:0] @0x1 @O0x1/B2
@O0x4 / B5B4/ Read B5B4[15:0] @0x4 then write B4[7:0] @0x2 @0x2 / B4
@O0x6 / B7B6 Read B7B6[15:0] @0x6 then write B6[7:0] @0x3 @0x3 / B6
@0x0 / B1BO Read B1B0[15:0] @0x0 then write B1B0[15:0] @0x0 @O0x0/B1B0
16 => 16 @0x2 / B3B2 Read B3B2[15:0] @0x2 then write B3B2[15:0] @0x2 @0x2 / B3B2
@0x4 / B5B4/ Read B5B4[15:0] @0x4 then write B5B4[15:0] @0x4 @0x4 / B5B4
@O0x6 / B7B6 Read B7B6[15:0] @0x6 then write B7B6[15:0] @0x6 @O0x6 / B7B6
@0x0/B1B0O Read B1B0[15:0] @0x0 then write 0000B1B0[31:0] @0x0 @0x0 /0000B1B0O
16 2> 32 @0x2 / B3B2 Read B3B2[15:0] @0x2 then write 0000B3B2[31:0] @0x4 @0x4 / 0000B3B2
@O0x4 / B5B4/ Read B5B4[15:0] @0x4 then write 0000B5B4[31:0] @0x8 @0x8 / 0000B5B4
@O0x6 / B7B6 Read B7B6[15:0] @0x6 then write 0000B7B6[31:0] @0xC @0xC / 0000B7B6
@O0x0/B3B2B1B0 Read B3B2B1B0[31:0] @0x0 then write BO[7:0] @0x0 @O0x0 /B0
3258 @O0x4 / B7TB6B5B4  Read B7B6B5B4[31:0] @0x4 then write B4[7:0] @0x1 @O0x1/B4
@O0x8 / BBBAB9B8 Read BBBAB9BS8[31:0] @0x8 then write B8[7:0] @0x2 @0x2 / B8
@OxC/BFBEBDBC ' Read BFBEBDBC[31:0] @0xC then write BC[7:0] @0x3 @0x3/BC
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Port width Dest content
Transfer operation
addr / data addr / data

@0x0 / B3B2B1B0  Read B3B2B1B0[31:0] @0x0 then write B1B0[15:0] @0x0 @0xo /B1BO
@0x4 / B7B6B5B4 Read B7B6B5B4[31:0] @0x4 then write B5B4[15:0] @0x2 @0x2 / B5B4

32216 @0x8 / BBBAB9B8 Read BBBABIB8[31:0] @0x8 then write BOB8[15:0] @0x4 @0x4 / B9BS
@O0xC/BFBEBDBC | Read BFBEBDBC[31:0] @O0xC then write BDBC[15:0] @0x6 @O0x6 / BDBC
@0x0/ B3B2B1B0 Read B3B2B1B0[31:0] @0x0 then write B3B2B1B0[31:0] @0x0 @O0x0 / B3B2B1B0

sposg, | (@0X4/BTBOBSB4  Read BTBGBSBA(31:0] @0x4 then write B7TBOBSBA(31:0] @0x4 @0x4 / B7B6B5B4

@0x8 / BBBAB9B8 Read BBBAB9B8[31:0] @0x8 then write BBBAB9B8[31:0] @0x8 @0x8 / BBBAB9B8
@OxC/BFBEBDBC | Read BFBEBDBC[31:0] @0xC then write BFBEBDBC[31:0] @0xC = @O0xC/BFBEBDBC

Addressing an AHB peripheral that does not support byte or halfword write operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the unused lanes

of the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte or halfword write
operations (when HSIZE is not used by the peripheral) and does not generate any error, the DMA writes the 32
HWDATA bits as shown in the two examples below:

. To write the halfword “OXABCD”, the DMA sets the HWDATA bus to “OXxABCDABCD” with HSIZE = HalfWord
. To write the byte “OxAB”, the DMA sets the HWDATA bus to “OXxABABABAB” with HSIZE = byte

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the HSIZE data into
account, it transforms any AHB byte or halfword operation into a 32-bit APB operation in the following manner:

. an AHB byte write operation of the data “0xB0” to 0x0 (or to 0x1, 0x2 or 0x3) is converted to an APB word
write operation of the data “0OxBOBOB0BO0” to 0x0

. an AHB halfword write operation of the data “0xB1B0” to 0x0 (or to 0x2) is converted to an APB word write
operation of the data “0xB1B0B1B0” to 0x0

For instance, if you want to write the APB backup registers (16-bit registers aligned to a 32-bit address boundary),
you must configure the memory source size (MSIZE) to “16-bit” and the peripheral destination size (PSIZE) to
“32-bit”.

10.3.5 Error management

A DMA transfer error can be generated by reading from or writing to a reserved address space. When a DMA
transfer error occurs during a DMA read or a write access, the faulty channel is automatically disabled through

a hardware clear of its EN bit in the corresponding channel configuration register (DMA_CCRXx). The channel
transfer error interrupt flag (TEIF) in the DMA_IFR register is set and an interrupt is generated if the transfer error
interrupt enable bit (TEIE) in the DMA_CCRX register is set.

10.3.6 Interrupts

An interrupt can be produced on a half-transfer, transfer complete or transfer error for each DMA channel.
Separate interrupt enable bits are available for flexibility.

Table 25. DMA interrupt requests

Interrupt event Event flag Enable control bit

Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE
10.3.7 DMA request mapping

A DMAMUX is present in the BlueNRG-LPS device and allows selecting which requester is connected to which
DMA channel. See Table 29. DMAMUX register map and reset values.
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10.4 DMA registers

Refer to Section 1.2 Acronyms for a list of abbreviations used in register descriptions. The peripheral registers
must be accessed by words (32-bit) only.

10.4.1 DMA interrupt status register (DMA_ISR)
Address offset: 0x000
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TEIF8 HTIF8 TCIF8 GIF8 | TEIF7 | HTIF7 | TCIF7 GIF7 TEIF6 HTIF6 TCIF6 GIF6 TEIF5 HTIF5 | TCIFS GIFS
r r r r r r r r r r r r r r r r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TEIF4 HTIF4 TCIF4 GIF4 TEIF3 HTIF3  TCIF3 GIF3 TEIF2 HTIF2 TCIF2 GIF2 TEIF1  HTIF1 TCIF1 GIF1

r r r r r r r r r r r r r r r r

Bits 31:28 Reserved, must be kept at reset value.

TEIFx: Channel x transfer error flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 31, 27, 23, 19, )
register.

15,11,7.3 0: No transfer error (TE) on channel x

1: A transfer error (TE) occurred on channel x

HTIFx: Channel x half transfer flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 30, 26, 22, 18, )
register.

14,10.6,2 0: No half transfer (HT) event on channel x

1: A half transfer (HT) event occurred on channel x
TCIFx: Channel x transfer complete flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 29, 25, 21, 17, )
register.

139,51 0: No transfer complete (TC) event on channel x

1: A transfer complete (TC) event occurred on channel x
GIFx: Channel x global interrupt flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR
register.

0: No TE, HT or TC event on channel x

Bits 28, 24, 20, 16,
12,8,4,0

1: ATE, HT or TC event occurred on channel x
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10.4.2 DMA interrupt flag clear register (DMA_IFCR)
Address offset: 0x004
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
g & ¢ & T L g g & & g & & £ p
H T = Q i T = Q H T = Q H T 2 Q
($) ) ) O o ) (3 o ($) &) ) O o ) (3 o
w w W W w w w w W W w w

15 14 13 12 1 10 9 8 6 5 4 3 2 1

0 & 0y & 2 & p X K & g L I & g
EoZ g g E XX B g ¥ £ 2 o B £ 2 g
&) @) &) o 5 @) ) © $) &) &) o 5 @) ) o
w w w w w w w w w w w w w w w w

Bits 31:28 Reserved, must be kept at reset value.

CTEIFx: Channel x transfer error clear (x = 1..8). This bit is set and cleared by software.
0: No effect

Bits 31, 27, 23, 19,

15,11,7,3
1: Clears the corresponding TEIF flag in the DMA_ISR register

CHTIFx: Channel x half transfer clear (x = 1..8). This bit is set and cleared by software.
0: No effect
1: Clears the corresponding HTIF flag in the DMA_ISR register

Bits 30, 26, 22, 18,
14,10, 6, 2

CTCIFx: Channel x transfer complete clear (x = 1..8). This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TCIF flag in the DMA_ISR register

Bits 29, 25, 21, 17,
13,9,5,1

CGIFx: Channel x global interrupt clear (x = 1..8). This bit is set and cleared by software.
0: No effect
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA_ISR register

Bits 28, 24, 20, 16,
12,8,4,0
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10.4.3 DMA channel x configuration register (DMA_CCRXx) (x = 1..8, where x = channel number)
Address offset: 0x008 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res.  MEM2 MEM PL[1:0] MSIZE[1:0] = PSIZE[1:0] MINC PINC CIRC DIR | TEIE HTIE TCIE EN

rw w w rw w rw rw w rw rw w rw rw rw w

Bits 31:15 Reserved, must be kept at reset value.
MEM2MEM: Memory-to-memory mode. This bit is set and cleared by software.
Bit 14 0: Memory-to-memory mode disabled
1: Memory-to-memory mode enabled
PL[1:0]: Channel priority level.
These bits are set and cleared by software.
00: Low
01: Medium
10: High
11: Very high
MSIZE[1:0]: Memory size.
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
PSIZE[1:0]: Peripheral size.
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits

Bits 13:12

Bits 11:10

Bits 9:8

11: Reserved

MINC: Memory increment mode.
) This bit is set and cleared by software.
Bit7 0: Memory increment mode disabled
1: Memory increment mode enabled
PINC: Peripheral increment mode. This bit is set and cleared by software.
Bit 6 0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
CIRC: Circular mode.
Bit5 This bit is set and cleared by software.
0: Circular mode disabled
1: Circular mode enabled
DIR: Data transfer direction.

Bit 4
This bit is set and cleared by software.
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3

0: Read from peripheral

1: Read from memory

TEIE: Transfer error interrupt enable. This bit is set and cleared by software.
Bit 3 0: TE interrupt disabled

1: TE interrupt enabled

HTIE: Half transfer interrupt enable. This bit is set and cleared by software.
Bit 2 0: HT interrupt disabled

1: HT interrupt enabled

TCIE: Transfer complete interrupt enable. This bit is set and cleared by software.
Bit 1 0: TC interrupt disabled

1: TC interrupt enabled

EN: Channel enable.

This bit is set and cleared by software.

0: Channel disabled

1: Channel enabled

Bit 0
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10.4.4 DMA channel x number of data register (DMA_CNDTRXx) (x = 1..8, where x = channel number)
Address offset: 0x00C + 0d20 x (channel number - 1)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]
w w w w w w rw rw rw w w w w w w rw
Bits

31:16 Reserved, must be kept at reset value.

NDT[15:0]: Number of data to transfer.

Number of data to be transferred (0 up to 65535). This register can only be written when the channel is disabled.
Once the channel is enabled, this register is read-only, indicating the remaining bytes to be transmitted. This
Bits 15:0 | register decrements after each DMA transfer.

Once the transfer is completed, this register can either stay at zero or be reloaded automatically by the value
previously programmed if the channel is configured in auto-reload mode.

If this register is zero, no transaction can be served whether the channel is enabled or not.
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10.4.5 DMA channel x peripheral address register (DMA_CPARX) (x = 1..8, where x = channel number)
Address offset: 0x010 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000
This register must not be written when the channel is enabled.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA [31:16]

w w rw rw rw w 'w w w w w rw rw rw rw 'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA [15:0]
rw rw rw rw rw rw w w w rw rw rw rw rw w w

PA[31:0]: Peripheral address.

Bits | Base address of the peripheral data register from/to which the data is read/written. When PSIZE is 01 (16-bit), the
31:0 | PAJO] bit is ignored. Access is automatically aligned to a half-word address.

When PSIZE is 10 (32-bit), PA[1:0] are ignored. Access is automatically aligned to a word address.
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10.4.6 DMA channel x memory address register (DMA_CMARX) (x = 1..8, where x = channel number)
Address offset: 0x014 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000
This register must not be written when the channel is enabled.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MA [31:16]

w w rw rw rw w 'w 'w w w rw rw rw rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA [15:0]
rw rw rw rw rw w w w w rw rw rw rw rw w w

MA[31:0]: Memory address.
Bits 31:0 Base address of the memory area from/to which the data are read/written.
its 31:
When MSIZE is 01 (16-bit), the MA[0] bit is ignored. Access is automatically aligned to a half-word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored. Access is automatically aligned to a word address.
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10.5 DMA register map

The following table gives the DMA register map and the reset values.

Table 26. DMA register map and reset values

F7
7
F5

© © @ o N © © © o T R A I R N N R N R N P o
DMA ISR ooy o o W W) Wy W Wy,
0x000 - FERofERotERopr ol RoERopr ol ERoO
Resetvalue 0/ 0 O 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOOOO
PEEpibibpfielilfpddid P00 PR 80 LLL g
DMA_IFCR W E O @ W E O g WuWE O @mWEO@WEO@mWEOGQRWEOGQRWEDOLOGQR
- I I I I I I I I
0x004 5606356068606 860686068606386063860
Resetvalue 0/ 0 0O 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOODOO
= =) g
DMACCR1T ¢ ¢ © © ¢ © © © @ & 0 © O & © O O N = H L ZZE—E}ZGE
0x008 DCCKDfMII(I!IIIIDCCKDﬁMIIDﬁMDCEE o N§Q_OD|—I|_
= s 2
Reset value 000 O0OO0OOOOO0OO0OOTO0OTO0OTGO0ODO
DMACNDTRT & 8 8 8 8 8 8 8 8 88 88 8 8 8 NDT[15:0]
0Xx00C X oroeoeeoe e e ee e e
Reset value 00 O0O0OOO0OOOOOOOOTOTQ OO
DMA_CPAR1 PA[31:0]
0x010
Resetvalue 0/ 0 0O 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOODOO
DMA_CMAR1 MA[31:0]
0x014
Resetvalue 0/ 0 0O 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOOOO
= =) g
dwwwmwwwwwwwmcfi‘ﬂwwgs = iooorx'—”‘-‘-"—”
DMACCR2 ¢ © ¢ © © & © © ©® © © © © & 2 0 o N = NI w ZZX=0E o5
0x01C D:ZZID:D:DCMIIZZID:KID:EE o %§ELODI—II—
= s o
Reset value 0 000 0OO0OOOOO0OOOTOTOTGO0ODO
DMACNDTR2 § 8 8 & 8 8 8 8 8 88 88 8 3 ¢ NDT[15:0]
0x020 rYoroerooeo oo oo oo
Reset value 00 O0O0OO0OOOOOOTOOOOQ OO
DMA_CPAR2 PA[31:0]
0x024
Resetvalue 0/ 0 0O 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOOOO
DMA_CMAR2 MA[31:0]
0x028
Resetvalue 0/ 0 0 0 0 0 0O OO0 O OO O OO OOOOOOOOOOOOOOODOO
= =) S
uimmwwwrnmmwmm’wwmwwgs = iOOOmLULou
DMACCR3 © 9 © © ¢ © © 0 @ © 0 0 © O 0 @& O & = w L ZZD_:—LTJI:GE
0x030 recrrrreoecrrrreeca=s 4 N N SFECOFIF
= s g
Reset value 0 000 O0O0OOOOO0OOOTOTOTGO0ODO
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L A B S S B S S, B B, SR S S A B

DMACNDTR3 ¢ ¢ ¢ @ & © @ @& © ¢ @& & © O @ O NDT[15:0]
0x034 rroroeodow ¢¥oeoer oo oo
Reset value 0 0 0 0O O0O0OOOTOOTO0OO0OTUO0OTGO0OO0
DMA_CPAR3 PA[31:0]
0x038
Resetvalue 0/ 0 0 0 O 0 00O/ 0 O O O O O/ O O OO O OOOOOOOOOOO0OO0ODO
DMA_CMAR3 MA[31:0]
0x03C
Resetvalue 0 0 O 0 0 0 00 0O 0 OO O OO OO OOOOOOOOOOOTOOOO
= 2 g
1] [%2] [%2] [%2] w un [%2] [%2] [} 1] [%2] [%2] » 1] 2} [} 1] g 8 = : S) o 9 x w o w
DMACCR4 ¢ ¢ ¢ © © & © & & ¢ ¢ © © & 2 & &9 = NI UJZZD_:—EIZGE
0x044 - e errrrrere oo s o N %EQ_ODFI._
= s o
Reset value 0 00 0O0OOOOOOOOO0O0OO0
DMACNDTR § 8 8 & 8 8 8 8 8 88 88 8 3 8 NDT[15:0]
0x048 ¥reYoeoeeoeooeorooereyoro
Reset value 000 O0O0OOOOOOOOOOTQO0OO
DMA_CPAR4 PA[31:0]
0x04C
Resetvalue 0 0 O 0 0 0 00 O 0 OO O O O OO OOOOOOOOOOOTOOOO
DMA_CMAR4 MA[31:0]
0x050
Resetvaue 0/ 0 0 0 O 0 00O/ 0 O O O O O/ O OO OO OOOOOTOOOOOO0OO0ODO
0x054 Reserved
= 2 g
AR R R AR R AR AR R AR R AR A R AR R g e = : SRECRES) o W
DMACCRS ¢ © © © © & © © © © © © © & 2 & o & = w w ZZX=mOE oG5
0x058 CErereerrreeerrers o N N ST o0 FIF
= s 8
Reset value 0 0 0 O0OOOOOOOOTO OO OTO0OO
DMACNDTR5 & 8 8 8 8 8 8 8 8 888 88 3 8 NDT[15:0]
0X05C X eeeoo o ooeoooereoeoo
Reset value 00 O0O0OOOOOOOOOO0OO0OO0
DMA_CPAR5 PA[31:0]
0x060
Resetvaue 0/ 0 0 0 O 0 0O/0O/ 0 O O O O O/O0O O O OO OOOOOOOOOOO0OO0ODO
DMA_CMARS5 MA[31:0]
0x064
Resetvalue 0/ 0 0 0 O 0 0/0O/ 0 O O O O O/ O O OO O OOOOOOOOOOO0OO0ODO
0x068 Reserved
= - 2 &
; ; Q = = 0 0o W W w
DMACCRe § 8§ 8 8 88488888 8¢8¢8888 = W o zZz&ZLEEg?Z
0x06C - IICKDCIDCII!IIIIIICKDCIDCKED{EE o N§D_OD|—I|—
= s 2
Reset value 0 000 O0O0OOOOOOOTOOOO
AR R R R R AR R R AR R R R B B .
oc70 omachotRe § £ 8 8§ 88 EEEEEEEEE NDTI15:0]
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0x070 | Reset value 000 0O0OOOOOOOO0O0OTO0OO
DMA_CPARG PA[31:0]
0x074
Resetvalue 0/ 0 O 0 0 O 0O 00 OO OOOOOOOOOOOOOOOOGOSOOOO
DMA_CMARG MA[31:0]
0x078
Resetvalue 0/ 0 O 0 0 O O OO0 O O O OOOOOOOOOOOOOOOGOSOOOO
0x07C Reserved
= 2 g
AR R R AR R AR AR R AR R AR A R R AR R % 8 = : Q O 9 he W
DMACCR7 ¢ ¢ ¢ © 0 & © & & ¢ ¢ © 0 0 2 o & d = H w Z2Z X% =0E o5
0x080 - I!IDCDCOCIKL‘CQCOCCCDCDCD:KDCEE o %EQ_ODFIF
= s o
Reset value 0 000 0O0OOOOOOOT® 0O 0O
DMACNDTR? & 8 8 8 8 8 8 8 8 88 88 8 8 8 NDT[15:0]
0x084 - XYoo eoeoe oo ooy oo
Reset value 00 0O0OOOOOOOOOOTGOTQOO
DMA_CPAR? PA[31:0]
0x088
Resetvalue 0/ 0 O 0O 0 O O 00 O O O OOOOOOOOOOOOOOOOSOOOO
DMA_CMAR? MA[31:0]
0x08C
Resetvalue 0 0 0 0 0 0O 0O/0 0 0O O OO O O O OOOOOOOOOOOOOOO0OO
0x090 Reserved
= 2 g
n o o o un nu nu u u u u R R ) g 8 = : Q O 9 o W w
DMACCRE ¢ ¢ ¢ © © & © © ©® © © © © & 2 0 o N = NI w ZZX=0E o5
0x094 Crereerrereeeree = 40 0N %§Q_QD._I._
= s o
Reset value 0 00 0O0OO0OOOOO0OO0OOTO0OO0OTO OO
DMACNDTRS § & 8 & 8 8 8 8 8 88 88 8 3 ¢ NDT[15:0]
0x098 X eYoeoeoeoooyooeryeyoro
Reset value 000 O0O0OOOOOOOO0TO0OTO0OO
DMA_CPARS8 PA[31:0]
0x09C
Resetvalue 0 0 0 0 0 0O 0O/0 0 0O O O O O O OO OOOOOOOOOOOOOO0OO
DMA_CMARS MA[31:0]
0x0A0
Resetvalue 0/ 0 O 0 0 O O OO0 OO OOOOOOOOOOOOOOOOTOSOOOO
x0A4
to Reserved
0x31C

Refer to Section 2.2.2 Memory map and register boundary addresses for the register boundary addresses.
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11 DMA request multiplexer (DMAMUX)

11.1 Introduction

A peripheral indicates a request for DMA transfer by setting its DMA request signal. The DMA request is pending
until it is served by the DMA controller which generates a DMA acknowledge signal and the corresponding DMA
request signal is deasserted.

For simplicity, the functional description of the DMA request/acknowledge protocol and its associated control
signals are abstracted in this document and globally named as DMA request lines. The DMA controller response
signals are not shown in figures nor described in the text.

The DMAMUX request multiplexer allows routing a DMA request line between the peripherals and the DMA
controller of the product. The routing function is ensured by a programmable multi-channel DMA request line
multiplexer. Each channel selects a unique DMA request line.

11.2 DMAMUX main features

. 8-channel programmable DMA request line multiplexer output
. Per DMA request line multiplexer channel output:

— 25 input DMA request lines from peripherals

—  One DMA request line output

1.3 DMAMUX implementation

11.3.1 DMAMUX instantiation
DMAMUX is instantiated with the following hardware configuration parameters.

Table 27. DMAMUX instantiation

Number of DMAMUX output request channels 8
Number of DMAMUX request generator channels 25
Number of DMAMUX request trigger inputs 1
Number of DMAMUX synchronization inputs 1
Number of DMAMUX peripheral request inputs 1
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11.3.2 DMAMUX mapping
The mapping of resources to DMAMUX is hardwired.

Table 28. DMAMUX map

1 14

Reserved LPUART_RX

2 SPI3_RX 15 LPUART_TX
3 SPI3_TX 16 ADC_CHO (DS channel)
4 Reserved 17 Reserved
5 Reserved 18 TIM2_CH1
6 Reserved 19 TIM2_CH2
7 Reserved 20 TIM2_CH3
8 12C1_RX 21 TIM2_CH4
9 12C1_TX 22 TIM2_UP
10 Reserved 23 TIM16_CH1
11 Reserved 24 TIM16_UP
12 USART_RX 25 TIM17_CH1
13 USART_TX 26 TIM17_UP

1.4 DMAMUKX functional description

11.4.1 DMAMUX block diagram

Figure 21. DMAMUX block diagram shows the DMAMUX block diagram.

Figure 21. DMAMUX block diagram
32-bit AHB Bus
CEE—

dmamux_hclk

DMAMUX AHB Slave Request ﬁultiplexer
Interface Channel M
/ Channel 1
. - M -
DMA requests e mm—— . " DMA requests

from peripherals:
dmamux_req_inx —H

oy

to DMA
1 controllers:
dmamux_req_outx

DMAMUX_COCR

vy

dmamux_reqx

\J

DMA channels
events:
Not used

Yy

Synchronization inputs:
none

The implementation assigns:
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. DMAMUX request multiplexer sub-block inputs (dmamux_reqgx) from peripherals (dmamux_req_inx)
. DMAMUX requests outputs to channels of DMA controllers (dmamux_req_outx)

11.4.2 DMAMUX channels

A DMAMUX channel is a DMAMUX request multiplexer channel which may include, depending on the selected
input of the request multiplexer.

A DMAMUX request multiplexer channel is connected and dedicated to one single DMA controller(s) channel.

Channel configuration procedure

The following sequence should be followed to configure both a DMAMUX x channel and the related DMA channel
y:

1. Set and configure completely the DMA channel y, except enabling the channel y.

2. Set and configure completely the related DMAMUX y channel.

3. Activate the DMA channel y by setting the EN bit in the DMA y channel register.

11.4.3 DMAMUX request line multiplexer

The DMAMUX request multiplexer with its multiple channels ensures the actual routing of DMA request/
acknowledge control signals, named as DMA request lines.

Each DMA request line is connected in parallel to all the channels of the DMAMUX request line multiplexer.

A DMA request is sourced from the peripherals.

The DMAMUX request line multiplexer channel x selects the DMA request line number as configured by the 8-bit
DMAREQ_ID field in the DMAMUX_CxCR register.

Note: The null value in the field DMAREQ_ID corresponds to no DMA request line selected. A same non-null
DMA_REQ_ID value shall not be programmed to different x and y DMAMUX request multiplexer channels
(via DMAMUX1_CxCR and DMAMUX CyCR). It is not allowed to configure a same non-null DMAREQ_ID to two
different channels of the DMAMUX request line multiplexer.

On top of the DMA request selection, the synchronization mode and/or the event generation may be configured
and enabled, if required.
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11.5 DMAMUX registers

Refer to the table about register boundary addresses for the DMAMUX base address. The registers can only be
accessed by words (32-bits).

11.51 DMAMUX request line multiplexer channel x configuration register (DMAMUX_CxCR)
Address offset: 0x04 * x (x =0 to )
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RESERVED DMAREQ_ID[4:0]

w

Bits 31:5 Reserved, must be kept at reset value.
DMAREQ_ID[4:0]: DMA request identification.

Bits 4:0
Selects the input DMA request. DMAMUX table about assignments of multiplexer inputs to resources.
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11.6 DMAMUX register map

The following table summarizes the DMAMUX registers and reset values. Refer to the register boundary address
table for the DMAMUX register base address.

Table 29. DMAMUX register map and reset values

S
i
a
R R R Y S R N S ST ST S 7 S S S S Y B B/ |
DMAMUX COCR & 8 8 8 8 8 8 8 ¢ ¢ ¢ ¢ ¢ ¢ ¢ 03383888 8cceceaog o
0x000 - revre oo e ooe ooy oy ey ylXoeo E
<
=
[a)
Reset value 0O 0 0 0 ©O
2
X
o
R R B Y S R R ST ST ST ST S S S S 7 B B/ |
DMAMUX C1CR 8 8 8 8 &8 8 8 8 ¢ 2 ¢ ¢ 2 ¢ 0 2 8 338338 cvaaey o
0x004 - roeorcerorrerrorrer ryrr ¥ ¥ygeo oy @y XL ‘ﬁ':J
<
=
[a)
Reset value 0O 0 0 0 O
g
X
o
L R T R R T R Y R S BT S W B W7 S S W I
DMAMUX C2CR & 8 8 8 &8 8 8 8 ¢ 2 ¢ ¢ 2 ¢ 0 ¢ 8 33833 ¢vaaey o
0x008 - reccererrerrorrer ryrrr ¥ ¥ygeoeoow vy XL oL ‘ﬁ':J
<
=
[a)
Reset value 0O 0 0 0 ©O
g
X
Qo
AR AR AR A AR AR AR AR AR AR R AR AR AR A A A AR A A AR A B R AR |
DMAMUX C3CR & & 8 8 & 8 8 8 ¢ 2 ¢ 0 2 ¢ 0 2 8 33833 ¢ceaaey o
0x00C - recve e ooy X e ooy oy %
<
=
[a)
Reset value 0O 0 0 0 O
g
X
)
O NN DN N DD BB H D DD DD |
DMAMUX C4CR & & 8 8 &8 8 8 8 ¢ 2 ¢ ¢ 2 0 0 2 8 33833 ¢ceaaey o
0x010 - revryreyy oy ¥y oo ooy oy XXX Xo %
<
=
o
Reset value 0O 0 0O 0 O
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=)
s
o
n LN NN NN Dy nmnmnon N D DD N |
DMAMUX C5CR & 8 8 8 8 8 8 8 0 © ¢ 0 0 ¢ ¢ ¢ 3§ 8 8 8 8 8o o e o e
0x014 - recreocreodr ¥y ey Xy i
<
=
a
Reset value 0O 0 0O 0 O
=)
s
o
O NN DN N DD nB BB H DD DD D |
DMAMUX C6CR & 8 8 8 8 8 8 8 0o © ¢ 0 0 ¢ ¢ ¢ 3 8 8 8 8 8 2o o e o g
0x018 - recreeor ¥y ey Xy It
<
=
a
Reset value 0O 0 0O 0 O
=)
s
o
) [ I 7, B B, 7 B, R B R R, N R AR R R R R B |
DMAMUX C7CR 8 8 8 8 8 8 8 8 v © ¢ ¢ 0 ¢ ¢ ¢ 3§ 8 88 8 8 oo oac o e
0x01C - recreoreor ey ey ¥y i
<
=
a
Reset value 0O 0 O o0 O
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12 Analog digital converter (ADC)

The BlueNRG-LPS embeds a 12-bit ADC. The ADC consists of a 12-bit successive approximation analog-to-
digital converter (SAR) with 2 x 8 multiplexed channels allowing measurements of up to eight external sources
and up to two internal sources.

12.1 Features

. Conversion frequency is up to 1 Msps

. Three input voltage ranges are supported (0 > 1.2V,0—24V,0— 3.6V)

. Up to eight analog single-ended channels or four analog differential inputs or a mix of both
. Temperature sensor conversion

. Battery level conversion up to 3.6 V

. Continuous or single acquisition

. ADC mode conversion only available, programmable in continuous or single mode

. ADC down sampler for multi-purpose applications to improve analog performance while off-loading the CPU
(ratio adjustable from 1 to 128)

. A watchdog feature to inform when data is outside thresholds
. DMA capability
. Interrupt sources with flags.

12.2 ADC presentation

Figure 22. ADC top level diagram shows the top level diagram of the ADC.

The analog ADC can be configured to interface with the following inputs:

. External signals through ADC_VINPx and ADC_VINMx, where x = 0,1,2 or 3
—  Up to 4 differential inputs
—  Up to 8 single-ended inputs

. Temperature sensor

. Battery level detector up to 3.6 V
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Figure 22. ADC top level diagram
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The input of the data path can come from the analog ADC through the possible inputs mentioned previously.
The conversion data path can go through a downsampler (for static or low frequency input signals).

Caution: Do not change the configuration registers related to the function in use. Any change done by the user
on the different bits are applied immediately, with an immediate effect on the on-going process (conversion,
decimator filter or downsampler). This action can lead to unexpected results.

For VBAT < 2.7 V, the 10 booster needs to be activated to maintain linearity.

12.2.1 Temperature sensor subsystem

The temperature sensor can be used to measure the junction temperature (Tj) of the device. The temperature
sensor is internally connected to the ADC input channels, which are used to convert the sensor output voltage to
a digital value.
The temperature sensor output voltage changes linearly with temperature. The offset of this line varies from
chip-to-chip due to process variation. The uncalibrated internal temperature sensor is more suited for applications
that detect temperature variations instead of absolute temperatures. To improve the accuracy of the temperature
sensor measurement, calibration values are stored in system memory for each device by ST during production.
During the manufacturing process, the calibration data of the temperature sensor and the internal voltage
reference are stored in the system memory area. The user application can then read them and use them to
improve the accuracy of the temperature sensor or the internal reference. In this way the temperature can be
calculated with this formula:

Temperature in Celsius = (Cmeas — C30 + TCK) /10 (1)
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Where:

TCK is the chuck temperature in 0.1 °C (e.g. 30 °C = 300) readable @0x10001E5C.

C30 is the temperature sensor calibration value acquired at 30 °C readable @0x10001E60.
Cmeas is the actual temperature sensor output value converted by ADC.

Note: ADC gain and offset calibration are left as default values, OxFFF.

12.2.2 ADC input mode conversion

The ADC is designed to deliver a digital value corresponding to the ratio between the voltage applied on the
converted channel and the reference voltage, VDDA. Note that VDDA is also the ADC’s power supply.

The formula for ADC digital converted data after calibration and offset is the following:
. Single-ended input mode

Code = Integer(Slope* VIN) [clamped at 4095]

where Slope for single-ended input mode has the following value:

3.6 V mode: Slope = 4096/3.6 [calibrated gain = 1/3]

2.4 V mode: Slope = 4096/2.4 [calibrated gain = 1/2]

1.2 V mode: Slope = 4096/1.25 [calibrated gain = 0.96, gain clamped at 1]
. Differential input mode

Code = Integer(Slope * (VINP - VINN)) + 2048 [clamped at 4095]

where Slope for differential input mode has the following value:

3.6 V. mode: Slope = 2048/3.6 [calibrated gain = 1/3]

2.4V mode: Slope = 2048/2.4 [calibrated gain = 1/2]

1.2 V mode: Slope = 2048/1.25 [calibrated gain = 0.96, gain clamped at 1]

12.2.3 Steady-state input impedance
As the input nature of the ADC is a switched-capacitor, its steady-state input impedance is defined as the

impedance seen in DC. It depends only on the analog sampling frequency, Fs, and the input capacitor, Cin: Zin =
1/(Cin*Fs).

12.2.4 Input signal sampling transient response

As represented in Figure 24. Effect of analog source resistance, the analog signal path consists of a series
resistance (Rext) between source and pin, the internal switch resistor (Rin), and the internal sampling capacitor
(Cin). The charging of the capacitor is controlled by Rin. When there is Rext in series, the effective value of
charging of Cin is governed by Rin+Rext. So, the charging time constant becomes (Rin+Rext)*Cin and the
necessary time to reach a given accuracy is longer. The ADC’s sampling time, Tsw, is a function of the ADC’s
frequency, 1/Ts as follows:

Tsw = Ts — 825 x 1079
Figure 23. ADC sampling time Tsw and sampling period Ts
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Figure 24. Effect of analog source resistance
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Knowing that: Rin=550 Q, Cin=4 pF, and imposing a maximum sampling error of 1/2 bits, we can determine the
maximum input resistance as below:

€ = (Vs-Vin)/Vin = -e(/RC)

In| € | < t/(Rext+Rin)*Cin
(Rext+Rin)*Cin <t/In| € |
(Rext+Rin)*Cin < 125e-9/ In(122e-6)
(Rext+Rin)*Cin < 14 ns

Rext < 14 ns/4 pF - 550 Q

Rext <2950 Q

Where:

|€]<1/213

| €1]=<122e-6

12.2.5 Down sampler (DS)
This down sampler is a simple averaging filter, which can divide the ADC frequency by 1 to 128 by power of 2.
The goal is to handle multiple ADC samples and average them into a single data with increased data width
ranging from 12-bit to 16-bit.
The down sampler increases the data precision but reduces the output data rate.

Note: A constraint on the ratio between APB system clock (Fpcyk) and the output data rate (DRout) must be
respected:
. In ADC mode, the ratio to respect is Fpc k / DRout> 4.

Example: FpcLk must be at least 2 MHz to have a DRout = 500 kHz.

If the DMA is not used to get the data output by the down sampler filter path, the CPU needs to be clocked at a
frequency ratio high enough (taking into account bus matrix latency) to avoid missing samples.
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12.3 Interrupts

There are 5 maskable interrupts generated by the ADC block. These interrupts are combined to produce one
single interrupt output, which is the only interrupt line from the ADC to the CPU.

Table 30. ADC interrupt requests

Interrupt event Event flag Interrupt / flag clearing method | Interrupt enable control bit

ADC end of Conversion (Test mode only) EOC_IRQ Write 1 on EOC_IRQ bit EOC_IRQ_ENA
Down sampler end of conversion EODS_IRQ Write 1 on EODS_IRQ bit EODS_IRQ_ENA
End of conversion sequence EOS_IRQ Write 1 on EOS_IRQ bit EOS_IRQ_ENA
Analog watchdog event AWD_IRQ Write 1 on AWD_IRQ bit AWD_IRQ_ENA

Down sampler overrun OVR_DS_IRQ Write 1 on OVR_DS_IRQ bit OVR_DS_IRQ_ENA

12.4 DMA interface
The ADC has one DMA channel interface to get down sampler data output value.
The DMA feature is enabled by software through the CONF register by DMA_DS_ENA bit.
When DMA feature is disabled, the CPU reads the data through the corresponding APB register.

12.5 ADC mode
ADC is the only conversion mode available for BlueNRG-LPS.
The input signal can come from:
. 8 single external channels (or 4 when coupled as differential)
. VBAT
. Temperature sensor
The conversion can be continuous or single mode.

Table 31. ADC mode summary

. 8 single external channels (or 4 when coupled as differential) )
Continuous or
ADC - VBAT DS
single
. Temperature sensor

1. Down Sampler

12.5.1 ADC mode overview

Presentation

The ADC mode has the following characteristics:

. The input in the ADC mode can be the eight external channels and the two internal sources (VBAT and
temperature sensor)

. The data path goes from the ADC to the down sampler
. The converted data is output in the DS_DATAOUT register
. The output data rates are in the range 117 ksps to 1 Msps

. The12-bit converted data can be extended up to 16-bit data thanks to the down sampler. However, in this
case, the output data rate is decreased
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. A regular sequence of conversion can be executed in single of continuous mode
— Aregular sequence consists of chaining ADC conversions on any ADC input channel and in any order.
— Aregular sequence can chain up to 16 conversions.

—  The source of the input for each conversion of the sequence is selected through SEQx bit field in
SEQ_1 and SEQ_2 registers.

—  This regular sequence can be run once or repeated continuously by setting the CONT bit in the CONF
register.

ADC mode usage

This paragraph describes the process to use the ADC mode:
. Enable the LDO of the ADC by setting the ADC_LDO_ENA bit in the CTRL register
Note: This LDO enable bit must not be set when QFN32 devices are used because the VDDA pin used to supply the
ADC LDO is not available on this package.
. Power on the ADC if not yet done by setting the ADC_ON_OFF bit in the CTRL register
. Program the targeted data rate through SAMPLE_RATE and DS_CONF registers
. Program the input voltage selections through the SWITCH register
. Program the COMP_1 to COMP_4 and the COMP_SEL registers
. Program the ADC mode through the OP_MODE bit field in the CONF register

. Program the targeted regular sequence (up to 16 chained conversions) through SEQ_1 and SEQ_2
registers

. Specify the length of the sequence in SEQ_LEN bit field in CONF (from O for one conversion to OxF for
sixteen conversions).
Note: To have more than one conversion, ensure the bit SEQUENCE is well at 1 in CONF register.
. Program the CONT bit and the SEQ_LEN bit field in the CONF register, considering SEQUENCE bit is
always set) depending on the wished sequence:
— CONT =0and SEQ_LEN = 0 to have a single conversion on a single channel.

— CONT =0 and SEQ_LEN > 0 to have a single run of a sequence chaining several conversions on
different channels/sources.

— CONT =1and SEQ_LEN = 0 to have a continuous conversion of a single channel/source.

— CONT =1 and SEQ_LEN > 0 to have a continuous run of sequence chaining several conversions on
different channels/sources.

. Launch the programmed regular sequence by setting the START_CONYV bit in CTRL register

. Each time a data is available at the output of the down sampler, the data is stored in the DS_DATAOUT
register and the EODS flag is set (as analog mode goes through the down sampler)

. To get the converted values:

—  Either the DMA is enabled on DS data path (through DMA_DS_ENA bit inCONF register) and DMA
copies the converted data in RAM at the end of each data conversion

—  Or the software has enabled the EODS_IRQ interrupt and is able to get the data from DS_DATAOUT
register before a new converted data is generated.

Note: If the CPU does not manage to get the converted data before a new converted data is generated, the
OVR_DS_IRQ flag is raised to inform a data has been lost. The software can program the hardware behavior in
case of overrun through the OVR_DS_CFG bit in CONF register:

. If O, the previous data is kept, the new one is lost.
. If 1, the previous data is lost, the new one is kept.

. Each time the regular sequence is completed, the EOS_IRQ flag is raised (and may generate an interrupt if
enabled)

. If the sequence is a single sequence (SEQ_LEN=0), the ADC stops at the end of the sequence and does
not restart until START_CONV bit is not set again

. The data conversion goes on until the software stops it by setting the STOP_OP_MODE bit in the CTRL
register: in this case, the conversion stops immediately and on-going conversion data are not issued.
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12.6 ADC register description

12.6.1 Version register (VERSION_ID)
Address offset: 0x00
Reset value: 0x0000 0030

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. H Res. Res. Res.  Res. Res. Res. Res. VERSION_IDI[7:0]
r
Bits 31:8 Reserved, must be kept at reset value.
Bit 7:0 VERSION_ID[7:0]: Version of the embedded IP.
12.6.2 ADC configuration register (CONF)

Address offset: 0x04
Reset value: 0x0002 0002
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Bits 31:24 Reserved, must be kept at reset value.
SAMPLE_RATE_MSB: Sample Rate MSB

Bits 23:21 ' Thjs field is an extension of SAMPLE_RATE definition in bits 12,11 of CONF register. It impacts the conversion
rate of ADC (F_ADC). See SAMPLE_RATE bits for the full description.

Bit 20 Reserved, must be kept at reset value.

ADC_CONT_1V2: Select the input sampling method:
Bit19 |- 0: Sampling time is 125 ns regardless of the sampling period

. 1: Sampling time is a function of the sampling period
BIT_INVERT_DIFF: Invert bit-to-bit the ADC data output (1’s complement) when a differential input is connected to
) the ADC:
Bit18 1, 0: No inversion (default)
. 1: Enable the inversion
BIT_INVERT_SN: Invert bit-to-bit the ADC data output (1’s complement) when a single negative input is
connected to the ADC:
Bit 17 . .
. 0: No inversion
. 1: Enable the inversion (default)

Bit 16 | Reserved, must be kept at reset value.

Bit 15 OVR_DS_CFG: Down sampler overrun configuration:
i
. 0: The previous data is kept, the new one is lost (default)
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. 1: The previous data is lost, the new one is kept
Bit 14 | Reserved, must be kept at reset value.

DMA_DS_EN: Enable the DMA mode for the down sampler data path:
Bit13 |- 0: DMA mode is disabled
. 1: DMA mode is enabled

SAMPLE_RATE[1:0]: Conversion rate of ADC (F_ADC):
Bits 12:11  F_ADC = F_ADC_CLK/(16 + 16*SAMPLE_RATE_MSB + 4*SAMPLE_RATE),where F_ADC_CLK is the analog
ADC clock frequency. By default F_ADC_CLK is 16MHz frequency.

Bits 10:7 = Reserved, must be kept at reset value.
SMPS_SYNCHRO_ENA: Synchronize the ADC start conversion with a pulse generated by the SMPS:

. 0: SMPS synchronization is disabled for all ADC clock frequencies
1: SMPS synchronization is enabled

Note: SMPS_SYNCHRO_ENA must be 0 when PWRC_CR5.NOSMPS=1.

Bit 6

SEQ_LEN[3:0]: Number of conversions in a regular sequence:
. 0000: 1 conversion, starting from SEQ 0
Bits 5:2 | ° 0001: 2 conversions, starting from SEQ 0

. 1111: 16 conversions, starting from SEQ 0

SEQUENCE: Enable the sequence mode (active by default):
. 0: Sequence mode is disabled, only SEQO is selected
Bit 1 . 1: Sequence mode is enabled, conversions from SEQO to SEQx with x=SEQ_LEN (default)

Note: Clearing this bit is equivalent to SEQUENCE=1 and SEQ_LEN=0000. Ideally, this bit can be kept high as
redundant with keeping high and setting SEQ_LEN=0000.
CONT: Regular sequence runs continuously when ADC mode is enabled:
Bit 0 0: Enable the single conversion: when the sequence is over, the conversion stops
. 1: Enable the continuous conversion: when the sequence is over, the sequence starts again until the
software sets the CTRL.STOP_OP_MODE bit
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12.6.3 ADC control register (CTRL)
Address offset: 0x08
Reset value: 0x0000 0000
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Bits 31:6 | Reserved, must be kept at reset value.

ADC_LDO_ENA: Enable the LDO associated to the ADC block:
Bit5 . 0: Disable the ADCLDO
1: Enable the ADCLDO
Warning: This bit must not be set on QFN32 packages.
Bit 4 Reserved, must be kept at reset value.
Bit 3 Reserved, must be kept at reset value.

STOP_OP_MODE!"): Stop the on-going OP_MODE (ADC mode, Analog audio mode, Full mode):
. 0: No effect

Bit 2 )
. 1: Stop on-going ADC mode
Note: This bit is set by software and cleared by hardware.
START_CONV!"): Generates a start pulse to initiate an ADC conversion:
) . 0: No effect
Bit 1

. 1: Start the ADC conversion
Note: This bit is set by software and cleared by hardware.
ADC_ON_OFF:

Bit 0 . 0: Power off the ADC
. 1: Power on the ADC

1.  When setting the STOP_MODE_ORP, the user has to wait around 10 us before starting a new ADC conversion by setting the
START_CONV bit.
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12.6.4 ADC input voltage switch selection register (SWITCH)
Address offset: 0x14
Reset value: 0x0000 0000
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Bits 31:16 Reserved, must be kept at reset value.

SE_VIN_7[1:0]: Input voltage for VINP[3].
. 00: Vinput=1.2V
Bits 15:14 . 01: Reserved (not used for this cut)
. 10: Vinput =2.4 V
. 11: Vinput = 3.6 V
SE_VIN_6[1:0]: Input voltage for VINP[2].
. 00: Vinput=1.2V
Bits 13:12 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput=3.6 V
SE_VIN_5[1:0]: Input voltage for VINP[1].
. 00: Vinput=1.2V
Bits 11:10 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput=3.6 V
SE_VIN_4[1:0]: Input voltage for VINP[0].
. 00: Vinput=1.2V
Bits 9:8 . 01: Reserved (not used for this cut)
. 10: Vinput =2.4 V
. 11: Vinput = 3.6 V
SE_VIN_3[1:0]: Input voltage for VINM[3] / VINP[3]-VINMI[3].
. 00: Vinput=1.2V
Bits 7:6 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput=3.6 V
SE_VIN_2[1:0]: Input voltage for VINM[2] / VINP[2]-VINM[2].
. 00: Vinput=1.2V
Bits 5:4 . 01: Reserved (not used for this cut)
. 10: Vinput = 2.4 V
. 11: Vinput = 3.6 V
SE_VIN_1[1:0]: Input voltage for VINM[1] / VINP[1]-VINM[1].
. 00: Vinput=1.2V
Bits 3:2 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput=3.6 V
Bits 1:0 SE_VIN_0[1:0]: Input voltage for VINM[0] / VINP[0]-VINM[O].
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3

. 00: Vinput=1.2V
. 01: Reserved (not used for this cut)
. 10: Vinput =2.4 V
. 11: Vinput = 3.6 V
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12.6.5 Down sampler configuration register (DS_CONF)
Address offset: 0x1C
Reset value: 0x0000 0000
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Bits 31:6 Reserved, must be kept at reset value.

DS_WIDTH[2:0]: Program the down sampler width of data output (DSDTATA).
. 000: DS_DATA output on 12-bit (default)
. 001: DS_DATA output on 13-bit
Bits 5:3 . 010: DS_DATA output on 14-bit
. 011: DS_DATA output on 15-bit
. 100: DS_DATA output on 16-bit
. 1xx: Reserved
DS_RATIO[2:0]: Program the down sampler ratio (N factor).
—000: ratio = 1, no down sampling (default)
—001: ratio=2
—010: ratio =4
Bits 2:0 —011:ratio=8
—100: ratio = 16
—101: ratio = 32
— 110: ratio = 64
—111: ratio = 128
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12.6.6 ADC sequence programming 1 register (SEQ_1)
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEQ7[3:0] SEQ6[3:0] SEQ5[3:0] SEQA4[3:0] SEQ3[3:0] SEQ2[3:0] SEQ1[3:0] SEQO[3:0]

'w 'w 'w 'w w 'w rw rw

SEQ7[3:0]: Channel number code for 8 conversion of the sequence.
See SEQO for code detail.

Bits 31:28

Bits 27:24 | SEQ6[3:0]: Channel number code for 7t conversion of the sequence. See SEQO for code detail.
Bits 23:20 | SEQ5[3:0]: Channel number code for 6" conversion of the sequence. See SEQO for code detail.
Bits 19:16 | SEQ4[3:0]: Channel number code for 51 conversion of the sequence. See SEQO for code detail.
Bits 15:12 | SEQ3[3:0]: Channel number code for 41" conversion of the sequence. See SEQO for code detail.

Bits 11:8 | SEQ2[3:0]: Channel number code for 3™ conversion of the sequence. See SEQO for code detail.
Bits 7:4 ' SEQ1[3:0]: Channel number code for second conversion of the sequence. See SEQO for code detail.

SEQO[3:0]: Channel number code for first conversion of the sequence

. 0000: VINMIO0] to ADC single negative input

. 0001: VINM[1] to ADC single negative input

. 0010: VINMI[2] to ADC single negative input

. 0011: VINM[3] to ADC single negative input

. 0100: VINP[0] to ADC single positive input

. 0101: VINP[1] to ADC single positive input
0110: VINP[2] to ADC single positive input
0111: VINP[3] to ADC single positive input

. 1000: VINP[0]-VINM[0] to ADC differential input

. 1001: VINP[1]-VINM[1] to ADC differential input

. 1010: VINP[2]-VINM[2] to ADC differential input

. 1011: VINP[3]-VINM[3] to ADC differential input

. 1100: VBAT - battery level detector

. 1101: Temperature sensor

. 111x: Reserved

Bits 3:0

RM0491 - Rev 1 page 181/579



m RM0491

ADC register description

12.6.7 ADC sequence programming 2 register (SEQ_2)
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEQ15[3:0] SEQ14[3:0] SEQ13[3:0] SEQ12[3:0] SEQ11[3:0] = SEQ10[3:0] SEQ9[3:0] SEQS8[3:0]

'w 'w 'w 'w rw 'w rw rw

Bits 31:28 ' SEQ15[3:0]: Channel number code for 16t conversion of the sequence. See SEQS8 for code detail.
Bits 27:24 ' SEQ14[3:0]: Channel number code for 15t conversion of the sequence. See SEQS8 for code detail.
Bits 23:20 ' SEQ13[3:0]: Channel number code for 14t conversion of the sequence. See SEQS8 for code detail.
Bits 19:16 ' SEQ12[3:0]: Channel number code for 13t conversion of the sequence. See SEQS8 for code detail.
Bits 15:12 ' SEQ11[3:0]: Channel number code for 12t conversion of the sequence. See SEQS for code detail.
Bits 11:8 ' SEQ10[3:0]: Channel number code for 11! conversion of the sequence. See SEQ8 for code detail.

Bits 7:4 | SEQ9[3:0]: Channel number code for 10t conversion of the sequence. See SEQS for code detail.

SEQ8[3:0]: Channel number code for 9th conversion of the sequence.

. 0000: VINMI[O0] to ADC single negative input

. 0001: VINM[1] to ADC single negative input

. 0010: VINM[2] to ADC single negative input

. 0011: VINM[3] to ADC single negative input

. 0100: VINP[0] to ADC single positive input

. 0101: VINP[1] to ADC single positive input
0110: VINP[2] to ADC single positive input

. 0111: VINP[3] to ADC single positive input

. 1000: VINP[0]-VINM[O0] to ADC differential input

. 1001: VINP[1]-VINM[1] to ADC differential input

. 1010: VINP[2]-VINM[2] to ADC differential input

. 1011: VINP[3]-VINM[3] to ADC differential input

. 1100: VBAT - battery level detector

. 1101: Temperature sensor

. 111x: Reserved

Bits 3:0

RM0491 - Rev 1 page 182/579



m RM0491

ADC register description

12.6.8 ADC gain and offset correction 1 register (COMP_1)
Address offset: 0x28
Reset value: 0x0000 0555

31130 29 28 27 26 25 24 23 /22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Res
Res
Res
Res
Res
Res
Res
Res
Res
Res.
Res
Res
OSFFSET1[7:0]
GAIN1[11:0]

2
2

Bits 31:20 Reserved, must be kept at reset value.
Bits 19:12 OFFSET1[7:0]: First calibration point: signed offset compensation[7:0].
Bits 11:0 GAIN1[11:0]: First calibration point: gain AUXADC_GAIN_1V2[11:0].
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12.6.9 ADC gain and offset correction 2 register (COMP_2)
Address offset: 0x2C
Reset value: 0x0000 0555
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Bits 31:20 Reserved, must be kept at reset value.
Bits 19:12 OFFSET2[7:0]: Second calibration point: signed offset compensation[7:0].
Bits 11:0 GAIN2[11:0]: Second calibration point: gain AUXADC_GAIN_1V2[11:0].

12.6.10 ADC gain and offset correction 3 register (COMP_3)

Address offset: 0x30
Reset value: 0x0000 0555
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Bits 31:20 Reserved, must be kept at reset value.
Bits 19:12 OFFSET3[7:0]: Third calibration point: signed offset compensation[7:0].
Bits 11:0 GAIN3[11:0]: Third calibration point: gain AUXADC_GAIN_1V2[11:0].
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12.6.11 ADC gain and offset correction 4 register (COMP_4)
Address offset: 0x34
Reset value: 0x0000 0555
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Bits 31:19 Reserved, must be kept at reset value.
Bits 19:12 OFFSETA4[7:0]: Fourth calibration point: signed offset compensation[7:0].
Bits 11:0 GAIN4[11:0]: Fourth calibration point: gain AUXADC_GAIN_1V2[11:0].
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12.6.12 ADC gain and offset selection register (COMP_SEL)
Address offset: 0x38
Reset value: 0x0000 0000
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Bits 31:18 Reserved, must be kept at reset value.

OFFSET_GAINS8[1:0]: Gain / offset used in ADC differential mode with Vinput range = 3.6 V:
. 00: OFFSET1 and GAIN1 from COMP_1
Bits 17:16 - 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN7[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 3.6 V:
. 00: OFFSET1 and GAIN1 from COMP_1

Bits 15:14 - 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4
OFFSET_GAING6[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 3.6 V (this field also
selects the gain/offset for VBAT input):

) . 00: OFFSET1 and GAIN1 from COMP_1

Bits 1312 . 1. OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN5[1:0]: Gain / offset used in ADC differential mode with Vinput range = 2.4 V:
. 00: OFFSET1 and GAIN1 from COMP_1
Bits 11:10 | » 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN4[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 2.4 V:
. 00: OFFSET1 and GAIN1 from COMP_1
Bits 9:8 |« 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN3[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 2.4 V:
. 00: OFFSET1 and GAIN1 from COMP_1
Bits 7.6 |« 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN2[1:0]: Gain / offset used in ADC differential mode with Vinput range = 1.2 V:
00: OFFSET1 and GAIN1 from COMP_1
01: OFFSET2 and GAIN2 from COMP_2

. 10: OFFSET3 and GAIN3 from COMP_3
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. 11: OFFSET4 and GAIN4 from COMP_4
OFFSET_GAIN1[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 1.2 V (this field also
selects the gain/offset for temperature sensor input):
. 00: OFFSET1 and GAIN1 from COMP_1
01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

Bits 3:2

OFFSET_GAINO[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 1.2 V:
. 00: OFFSET1 and GAIN1 from COMP_1
Bits 1:0 | 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

12.6.13 ADC watchdog threshold register (WD_TH)
Address offset: 0x3C
Reset value: 0xOFFF 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 876 543210

é é{:’J § é WD_HT[11:0] é gf’i § é WD_LT[11:0]
rw rw
Bits 31:28 Reserved, must be kept at reset value.
Bits 27:16 WD_HT[11:0]: Analog watchdog high level threshold.
Bits 15:12 Reserved, must be kept at reset value.
Bits 11:0 WD_LT[11:0]: Analog watchdog low level threshold.
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12.6.14 ADC watchdog configuration register (WD_CONF)
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 /21 20 19 18 17 16 15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0

g8 8 ¢ 8 ¢ ¢ ¢ 8 & 8 4 & 8 & 8 8 AWD_CHX[15:0]
' o 14 14 14 14 o ' 14 14 14 o ' o 14 14 -
rw
Bits
31:16 Reserved, must be kept at reset value.

AWD_CHX[15:0]: Analog watchdog channel selection to define which input channel(s) need to be guarded by the
watchdog.

. Bit0: VINMIO] to ADC negative input
. Bit1: VINM[1] to ADC negative input
. Bit2: VINM[2] to ADC negative input
. Bit3: VINM[3] to ADC negative input
. Bit4: Not used
. Bit5: VBAT to ADC negative input
) . Bit6: GND to ADC negative input

Bits 150 . Bit7: VDDA to ADC negative input
. Bit8: VINP[0] to ADC positive input
. Bit9: VINP[1] to ADC positive input
. Bit10: VINP[2] to ADC positive input
. Bit11: VINP[3] to ADC positive input
. Bit12: Not used
. Bit13: TEMP to ADC positive input
. Bit14: GND to ADC positive input
. Bit15: VDDA to ADC positive input

12.6.15 Down sampler data out register (DS_DATAOUT)
Address offset: 0x44
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2221 20 19 18 17 16 15 1413 12 11 10 9 8 7 6 54 3 2 1 0
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Res
Res
Res
Res
Res
Res
Res.
Res
Res
Res
Res
Res
Res
Res
Res

DS_DATA[15:0]

Bits 31:16  Reserved, must be kept at reset value.

Bits 15:0 DS_DATA[15:0]: Contains the converted data at the output of the down sampler.
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12.6.16 ADC interrupt status register (IRQ_STATUS)
Address offset: 0x4C
Reset value: 0x0000 0000
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Bits 31:6 | Reserved, must be kept at reset value.

OVR_DS_IRQ: Set to indicate a down sampler overrun (at least one data is lost). When read, provide the status of
the interrupt:
. 0: No overrun occurred

Bit5 @ ° 1: Overrun occurred
Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt

AWD_IRQ: Set when an analog watchdog event occurs. When read, provide the status of the interrupt:
. 0: No analog watchdog event occurred
. 1: Analog watchdog event has occurred.

Bit4 Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
EOS_IRQ: Set when a sequence of conversion is completed. When read, provide the status of the interrupt:
. 0: Sequence of conversion is not completed
Btz 1: Sequence of conversion is completed.

Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt

Bit2  Reserved, must be kept at reset value.

EODS_IRQ: Set when the down sampler conversion is completed. When read, provide the status of the interrupt:

. 0: Down sampler conversion is not completed
Bit 1 . 1: Down sampler conversion is completed
Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
EOC_IRQ (Used in test mode only): set when the ADC conversion is completed.
When read, provide the status of the interrupt:
. 0: ADC conversion is not completed
Bit0 . 1: ADC conversion is completed

Writing this bit clears the status of the interrupt:
. 0: no effect
. 1: clear the interrupt
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12.6.17 ADC interrupt enable register (IRQ_ENABLE)
Address offset: 0x50
Reset value: 0x0000 0000
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Bits 31:6 | Reserved, must be kept at reset value.

OVR_DS_IRQ_ENA: Down sampler overrun interrupt enable:
Bit 5 . 0: Down sampler interrupt is disabled

. 1: Down sampler interrupt is enabled

AWD_IRQ_ENA: Analog watchdog interrupt enable:
Bit 4 . 0: Analog watchdog interrupt is disabled

. 1: Analog watchdog interrupt is enabled

EOS_IRQ_ENA: End of regular sequence interrupt enable:
Bit 3 . 0: EOS interrupt is disabled

. 1: EOS interrupt is enabled
Bit 2 Reserved, must be kept at reset value.

EODS_IRQ_ENA: End of conversion interrupt enable for the down sampler output:
Bit 1 . 0: EODF interrupt is disabled

. 1: EODF interrupt is enabled

EOC_IRQ_ENA (Used in test mode only): End of ADC conversion interrupt enable:
Bit 0 . 0: EOC interrupt is disabled

. 1: EOC interrupt is enabled

12.6.18 ADC timers configuration register (TIMER_CONF)
Address offset: 0x54
Reset value: 0x0000 9628
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Bits 31:8 | Reserved, must be kept at reset value.

ADC_LDO_DELAY[7:0]: Defines the duration of a waiting time to be inserted between the ADC_LDO enable and
the A