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Features

Bluetooth specification compliant master,
slave and multiple roles simultaneously,

Datasheet - production data

e 32 kHz ring oscillator

e  Battery voltage monitor and temperature
sensor

e Upto +8 dBm available output power (at

antenna connector)

Excellent RF link budget (up to 96 dB)

Accurate RSSI to allow power control

8.3 mA TX current (@ -2 dBm, 3.0 V)

Down to 1 pA current consumption with

active BLE stack (sleep mode)

e  Suitable for building applications compliant
with the following radio frequency
regulations: ETSI EN 300 328, EN 300 440,
FCC CFRA47 Part 15, ARIB STD-T66

e  Pre-programmed bootloader via UART

e QFN32, WCSP34 package option

e Dedicated wettable flank QFN package for
automotive grade qualification

singlr(]e'-mode Bluetooth low energy system- App lications
on-chip :
e  Operating supply voltage: from 1.7 to 3.6 V : C\;J;?Cnr:ggve product
. Integrated linear regulator and DC-DC step- .

down converter e  Fitness, Wellnegs and sports
e  Operating temperature range: -40 °C to 105 * Consu_mer m_ed|_cal

°C e  Security/proximity
e High performance, ultra-low power Cortex- * Remote coptrol . .

MO 32-bit based architecture core e  Home and industrial automation
e Programmable 160 KB Flash ¢ Assisted living
e 24 KB RAM with retention (two 12 KB *  Mobile phone peripherals

banks) . L|ght|ng
e 1xUART interface ¢ PCperipherals
° 1 x SPl interface Table 1: Device summary table
* i: |2Cién§glaoce Order code Package Packing
) or
e 2 x multifunction timer BLUENRG-132 (SQXFSanZm) Tape and reel
e 10-bit ADC
e Watchdog & RTC BLUENRG-134 WLCSP34 Tape and reel
e  DMA controller QFN32
e PDM stream processor (5 x 5 mm)
e 16 or 32 MHz crystal oscillator BLUENRG-132Y Automotive | 1 2Peandreel
e 32 kHz crystal oscillator

grade level
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3

Description

The BlueNRG-1 is a very low power Bluetooth low energy (BLE) single-mode system-on-
chip, compliant with Bluetooth specification.

The BlueNRG-1 extends the features of award-winning BlueNRG network processor,
enabling the usage of the embedded Cortex MO for running the user application code.

The BlueNRG-1 includes 160 KB of programming Flash memory, 24 KB of static RAM
memory with retention (two 12 KB banks) and SPI, UART, I12C standard communication
interface peripherals. It also features multifunction timers, watchdog, RTC and DMA
controller.

An ADC is available for interfacing with analog sensors, and for reading the measurement
of the integrated battery monitor. A digital filter is available for processing a PDM stream.

The BlueNRG-1 offers the same excellent RF performance of the BlueNRG radio, and the
integrated high efficiency DC/DC converter keeps the same ultra-low power characteristics,
but the BlueNRG-1 improves the BlueNRG sleep mode current consumption allowing a
further increase in the battery lifetime of the applications.

Figure 1: BlueNRG-1 architecture block diagram
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2 BlueNRG-1 Bluetooth low energy stack
The BlueNRG-1 is complemented with a Bluetooth low energy stack C library that provides:

Master, slave role support

GAP: central, peripheral, observer or broadcaster roles
ATT/GATT: client and server

SM: privacy, authentication and authorization.

L2CAP

Link Layer: AES-128 encryption and decryption

The BlueNRG-1 can be configured for supporting Single Chip or Network processor
applications.

In the first configuration, the BlueNRG-1 operates as single device in the application for
managing both the application code and the Bluetooth low energy stack. The whole
Bluetooth low energy stack is provided as object code in a single library file whereas the
GATT low energy profiles are provided as object codes in separate libraries.

Figure 2: "BlueNRG-1 single chip RF software layers"shows the single chip RF software
layers.

Figure 2: BlueNRG-1 single chip RF software layers
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The BlueNRG-1 can be configured for operating as a network coprocessor. In this case a
dedicated firmware is provided for supporting the interface with an external application
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processor. The whole Bluetooth Low energy stack runs in the BlueNRG-1; the GATT
profiles are provided for running in the application processor together with the application
code. Figure 2: "BlueNRG-1 single chip RF software layers" shows the network processor
RF software layers.

Figure 3: BlueNRG-1 network processor RF software layers
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Functional details
The BlueNRG-1 integrates the blocks listed below:

Cortex MO core

Interrupts management

160 KB Flash memory

24 KB of RAM with two retention options (12 KB or 24 KB)
Power management

Clocks

Bluetooth low energy radio

Random number generator (RNG) (it is reserved to Bluetooth low energy protocol
stack, but user application can read it)

e Public Key Cryptography (PKA) (reserved to Bluetooth low energy protocol stack)
o  Peripherals:

—  SPlinterface

— UART interface

—  I2C bus interface

- GPIO

—  Multifunction timer

—  DMA controller

—  Watchdog

- RTC

—  ADC with battery indicator and temperature sensor

—  PDM stream processor

The main blocks are described in the following subsection.

Core

The ARM® Cortex®-MO0 processor has been 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
system response to interrupts.

The ARM® Cortex®-MO0 32-bit RISC processor features exceptional code-efficiency,
delivering the high-performance expected from an ARM core in the memory size usually
associated with 8-bit and 16-bit devices.

The BlueNRG-1 has an embedded ARM core and is therefore compatible with all ARM
tools and software.

Interrupts

The Cortex-MO0 nested vector interrupt controller (NVIC) handles interrupts. The NVIC
controls specific Cortex-MO interrupts (address 0x00 to 0x3C) as well as 32-user interrupts
(address 0x40 to 0xBC). In the BlueNRG-1 device, the user interrupts are connected to the
interrupt signals of the different peripherals.

Table 2: Interrupt vectors

Position | Priority | Priority type | Description Address
Initial main SP 0x0000_0000
-3 Fixed Reset handler 0x0000_0004

3

DocIlD028866 Rev 2




BlueNRG-1 Functional details
Position | Priority | Priority type | Description Address
-2 Fixed NMI handler 0x0000_0008
-1 Fixed HardFault handler 0x0000_000C
RESERVED 0x0000_000C — 0x0000_0028
3 Settable SVC handler 0x0000_002C
RESERVED 0x0000_0030 - 0x0000_0034
5 Settable PendSV handler 0x0000_0038
6 Settable SystemTick handler 0x0000_003C
0 Init 0 Settable GPIO interrupt 0x0000_0040
1 Init 0 Settable FLASH controller interrupt | 0x0000_0044
2 Init 0 Settable RESERVED 0x0000_0048
3 Init 0 Settable RESERVED 0x0000_004C
4 Init 0 Settable UART interrupt 0x0000_0050
5 Init 0 Settable SPI interrupt 0x0000_0054
6 Init 0 CRITICAL BLE controller interrupt 0x0000_0058
7 Init 0 Settable Watchdog interrupt 0x0000_005C
8 Init 0 Settable RESERVED 0x0000_0060
9 Init 0 Settable RESERVED 0x0000_0064
10 Init O Settable RESERVED 0x0000_0068
11 Init 0 Settable RESERVED 0x0000_006C
12 Init 0 Settable RESERVED 0x0000_0070
13 Init 0 Settable ADC interrupt 0x0000_0074
14 Init 0 Settable 12C 2 interrupt 0x0000_0078
15 Init 0 Settable I12C 1 interrupt 0x0000_007C
16 Init 0 Settable RESERVED 0x0000_0080
17 Init 0 Settable MFT1 A interrupt 0x0000_0084
18 Init 0 Settable MFT1 B interrupt 0x0000_0088
19 Init 0 Settable MFT2 A interrupt 0x0000_008C
20 Init 0 Settable MFT2 B interrupt 0x0000_0090
21 Init 0 Settable RTC interrupt 0x0000_0094
22 Init 0 Settable RESERVED 0x0000_0098
23 Init 0 Settable DMA interrupt 0x0000_009C
24 -31 Init 0 Settable RESERVED 0x0000_00A0 — 0x0000_00BC

3
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3.3

3.4
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Memories

The memory subsystem consists of 160 KB Flash memory and two banks of 12 KB ultra-
low leakage static RAM blocks.

The 160 KB Flash memory is available to the user and can be accessed per 32-bit for read
access and per 32-bit for write access (with 4x32-bit FIFO).

The access to the static RAM can be as bytes, half words (16 bits) or words (32 bits).

A 12 KB RAM block is always in retention mode, whereas the second 12 KB RAM block is
switchable and can be put in retention mode according to the user needs.

Power management

The BlueNRG-1 integrates both a low dropout voltage regulator (LDO) and a step-down
DC-DC converter to supply the internal BlueNRG-1 circuitry.

The BlueNRG-1 most efficient power management configuration is with DC-DC converter
active where best power consumption is obtained without compromising performances.
Nevertheless, a configuration based on LDO can also be used, if needed.

A simplified version of the state machine is shown below.

Figure 4: BlueNRG-1 power management state machine

RESET
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3.4.1 States description

3411 Preactive state
The preactive state is the default state after a POR event.
In this state:

o All the digital power supplies are stable.
e  The high frequency clock runs on internal fast clock RC oscillator (16 MHZz).
e  The low frequency clock runs on internal RC oscillator (32.768 kHz).

3.4.1.2 Active state
In this state:

e  The high frequency runs on the accurate clock (16 MHz 50 ppm) provided by the
external XO. The internal fast clock RO oscillator is switched off.

If the external XO is at 32 MHz, some specific programming are needed, see
Section 3.5.3: "Switching to external clock".

3.4.1.3 Standby state
In this state:
e  Only the digital power supplies necessary to keep the RAM in retention are used.
The wake-up from this low power state is driven by the following sources:

109

1010
1011
1012
1013

If they have been programmed as wake-up source in the system controller registers.

3.4.1.4 Sleep state
In this state:

e  Only the digital power supplies necessary to keep the RAM in retention are used.
e  The low frequency oscillator is switched on.

The wake-up from this low power state is driven by the following sources:

109

1010
1011
1012
1013

If they have been programmed as wake-up source in the system controller registers and
from the internal timers of the BLE radio.

3
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3.4.2

Power saving strategy

The application power saving strategy is based on clock stopping, dynamic clock gating,

digital power supply switch off and analog current consumption minimization.

A summary of functional blocks versus the BlueNRG-1 states is provided below.

Table 3: Relationship between BlueNRG-1 states and functional blocks

RESET | STANDBY | SLEEP | Preactive | Active tggﬁ?ﬁ RX | TX
tggiggﬂiéxg or OFF ON ON ON ON ON ON | ON
LDO_STRONG_1V2 OFF OFF OFF ON ON ON ON | ON
LDO_DIG_1V8 OFF OFF OFF ON ON ON ON | ON
SMPS OFF OFF OFF ON ON ON ON | ON
LDO_DIG_1V2 OFF OFF OFF ON ON ON ON | ON
BOR OFF ON ON ON ON ON ON | ON
16 MHz RO OFF OFF OFF ON OFF | OFF OFF | OFF
16 MHz XO OFF OFF OFF OFF ON ON ON | ON
32 kHz RO or XO OFF OFF ON ON ON ON ON | ON

3.4.3

System controller registers

SYSTEM_CTRL peripheral base address (SYSTEM_CTRL_BASE_ADDR) 0x40200000.
Table 4: SYSTEM_CTRL registers

Address offset

Name

RW

Reset

Description

0x00

WKP_IO_IS

RW

0x00000000

Level selection for wakeup 10 (1 bit for
10).

0: The system wakes up when 10 is low.
1: The system wakes up when 10 is high.

0x04

WKP_IO_IE

RW

0x00000007

Enables the 10 that wakes up the device
(1 bit for 10).

0: The wakes up feature on the IO is
disabled.

1: The wakes up feature on the 10 is
enabled.

0x08

CTRL

RW

0x00000000

XO frequency indication is provided by the
application. Refer to the detailed
description below.

18/177
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Table 5: SYSTEM_CTRL - WKP_IO_IS register description: address offset
SYSTEM_CTRL_BASE_ADDR+0x00
Bit Field name Reset RW Description
Selects the active wake up level for the
five 10s.
0: The system wakes up when IO is low.1:
The system wakes up when IO is high.
One bit by 10:
4:0 LEVEL_SEL 0x00 RW )
- . Bit0: 109
. Bit1: 1010
. Bit2: 1011
. Bit3: 1012
o Bit4: 1013
31:5 RESERVED 0x00 R RESERVED
Table 6: SYSTEM_CTRL - WKP_IO_IE register description: address offset
SYSTEM_CTRL_BASE_ADDR+0x04
Bit Field name Reset RW Description
0x07 Enables the 10s to be wake up source.
0: Wake up on the 10 disabled.
1: Wake up on the IO enabled.
One bit by I0:
4:0 I0_WAKEUP_EN RW |, BitO: 109
. Bit1: 1010
. Bit2: 1011
. Bit3: 1012
. Bit4: 1013
31:5 RESERVED 0x00 R RESERVED
Table 7: SYSTEM_CTRL - CTRL register description: address offset
SYSTEM_CTRL_BASE_ADDR+0x08
Bit Field name Reset RW Description
Indicates the crystal frequency used in the
application.
0 MHZ32_SEL 0x0 RW 0: The 16 MHz is selected.
1: The 32 MHz is selected.
31:1 RESERVED 0x0 R RESERVED

AHBUPCONYV peripheral base address (AHBUPCONV_BASE_ADDR) 0x40C00000.
Table 8: AHBUPCONV registers

Address offset

Name

RW

Reset

Description

0x00

COMMAND

RW

0x00000000

AHB up/down converter command register

BLUE_CTRL peripheral base address (BLUE_CTRL_BASE_ADDR) 0x48000000.

3
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Table 9: BLUE_CTRL registers

Address offset Name RW | Reset Description

0x04 TIMEOUT RW | 0x00000000 Timeout programming register
0x0C RADIO_CONFIG RW | 0x00000000 Radio configuration register
3.5 Clocks and reset management

The BlueNRG-1 embeds an RC low-speed frequency oscillator at 32 kHz and an RO high-
speed frequency oscillator at 16 MHz.

The low-frequency clock is used in low power mode and can be supplied either by a 32.7
kHz oscillator that uses an external crystal and guarantees up to +50 ppm frequency
tolerance, or by a ring oscillator with maximum £500 ppm frequency tolerance, which does
not require any external components.

The primary high-speed frequency clock is a 16 MHz or 32 MHz crystal oscillator. A fast-
starting 16 MHz ring oscillator provides the clock while the crystal oscillator is starting up.
Frequency tolerance of high-speed crystal oscillator is £50 ppm.

The usage of the 16 MHz (or 32 MHZz) crystal is strictly necessary for RF communications.

The clock tree for the peripherals is as follows:

Figure 5: Clock tree
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When 32 MHz XO is used, only the Cortex-M0, the DMA and the APB tree
(except for BLE radio access) runs at 32 MHz. The rest of the clock tree is divided
by two and stays at 16 MHz.

The following clocks can be enabled/disabled by software to implement optimal power
consumption:

. DMA
) BLE controller
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3.5.1

3

BLE clock generator
RNG

Flash controller
GPIO

System controller
UART

SPI

12C1

12C2

ADC

MFT1

MFT2

RTC

WDG

By default all peripherals APB clock are enabled.

The following clocks are enabled/disabled automatically:

e  Processor clock (disabled in sleep mode)
RAM clock (disabled if processor clock, SPI clock and BLE clock are all disabled)

Reset management

Figure 6: "Reset and wakeup generation” shows the general principle of reset. Releasing
the Reset pin puts the chip out of shutdown state. The wakeup logic is powered and
receives the POR. Each time the wake-up controller decides to exit sleep or standby
modes, it will generate a reset for the core logic. The core logic can also be reset by:

e Watchdog
e Reset request from the processor (system reset)
e LOCKUP state of the Cortex-MO.

The SWD logic is reset by the POR. It is important to highlight that reset pin actually power
down chip, so it is not possible to perform debug access with system under reset.

Figure 6: Reset and wakeup generation
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If, for any reason, the users would like to power off the device there are two options:

1. Force RESETN pin to ground, keeping VBAT level
2.  To put VBAT pins to ground (e.g. via a transistor)

In the second option, care must be taken to ensure that no voltage is applied to any of the
other pins since device can be powered and having an anomalous power consumption. ST
recommendation is to use RESETN whenever it is possible.

Power-on-Reset

The Power-on-Reset (POR) signal is the combination of the POR signal and the BOR
signal generated by the analog circuitry contained in the BlueNRG-1 device. The
combination of these signals is used to generate the input to the Cortex-MO0 which is used
to reset the debug access port (DAP) of the processor. It is also used to generate the
signal which resets the debug logic of the Cortex-M0. The POR signal also resets the TAP
controller of the BlueNRG-1 and a part of the Flash controller (managing the Flash memory
boot, which does not need to be impacted by system resets).

Power-on-sequence

The POR circuit is powered by a 1.2 V regulator. The regulator must also be powered on
with the correct startup sequence. Before VBAT has reached the nominal value, RESETN
line must be kept low. An external RC circuit on RESETN pin will add a delay that can
prevent RESETN signal to go high before VBAT has reached the nominal value (Figure 7:
"Power-on-sequence").

Figure 7: Power-on-sequence

VBAT

RESETN Soft
LDO

1

POR

If above conditions are not satisfied, ST cannot guarantee the correct operation of the
device.
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3.5.1.3 Watchdog reset

The BlueNRG-1 contains a watchdog timer, which may be used to recover from software
crashes. The watchdog contains a 32-bit down counter, which generates an interrupt, if the
interrupt is not serviced, the watchdog will generate a reset. The watchdog Reset will Reset
the Flash controller, the Cortex-M0 and all its peripherals but it will not Reset the debug
circuitry of the Cortex-MO.

3.5.14 System reset request

The system reset request is generated by the debug circuitry of the Cortex-MO0. The
debugger writes to the SYSRESETREQ bit of the “Application Interrupt and Reset Control
Register” (AIRCR). This system reset request through AIRCR register can also be done by
embedded software. The system reset request does not affect the debugger, thus allowing
the debugger to remain connected during the reset sequence.

3.5.1.5 Lockup reset

The Cortex-MO0 generates an output LOCKUP that indicates that the core is in the
architected lock-up state resulting from an unrecoverable exception. The LOCKUP signal is
used to generate reset in the BlueNRG-1. This reset will affect the Cortex-MO0, the Flash
controller, and all the peripherals. The LOCKUP signal does not Reset the Cortex-MO
debug circuitry.

3.5.2 Reset and wakeup reason decoding

The BlueNRG-1 provides a set of registers to identify the reason behind a reset and
wakeup generation. Two registers are used: CKGEN_SOC->REASON_RST and
CKGEN_BLE->REASON_RST. The possible reasons are listed below:

1. If the register CKGEN_SOC->REASON_RST = 0, according to the CKGEN_BLE-
>REASON_RST the possible reasons are:
a. Wakeup from 109, 1010, 1011, 1012, 1013.
b. Wakeup from internal timer: BLE timer 1 or BLE timer 2.
c. PORorBOR
2. If the register CKGEN_SOC->REASON_RST is not 0, according to its value the
possible reasons are:
a. System reset
b. Watchdog reset
c. Lockup reset.

3.5.3 Switching to external clock

When the system is in preactive state (run from internal RO 16 MHz), the software
sequence to switch to active should include switch to external XO.

When the system uses an external XO at 32 MHz instead of 16 MHz, the following steps
need to be done:

1. In preactive state, operate as follow routine:
uint8 t config[] = { 0x02, Ox3A, 0x44, 0x00};

BLUE CTRL->RADIO CONFIG = 0x10000 | (uintl6 t) ( (uint32 t)config &
O0x0000FFFF ) ;

while ( (BLUE CTRL->RADIO_CONFIG & 0x10000) != 0);

1. Set the bitfield MHZ32_SEL of register SYSTEM_CTRL, for the digital part.
2. Wait the state machine is in active state by using the follow routine:

uint32 t fsm status;
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uintl6é t cnt time = 0;
do {
cnt time++;

fsm status = 0x00004382;

BLUE CTRL->RADIO CONFIG = 0x10000 | (uintle6 t) ( (
(uint32 t) (&fsm status) ) & O0xO0000FFFF);

while ( (BLUE CTRL->RADIO CONFIG & 0x10000) != 0);

} while (((fsm status>>16) != 0x05) && (cnt time<1000));

1. After switching to active state (and not before), write Ox15 in the COMMAND register
of AHBUPCONYV peripheral.

Around 10 system clock cycles after this last write, the system will run at 32 MHz except for
specific blocks requiring a fixed 16 MHz.

The application can make the bus and the core run to 16 MHz by writing 0x14 in
the COMMAND register of AHBUPCONYV peripheral.

3.54 Clock and reset registers
CKGEN_SOC peripheral base address (CKGEN_SOC_BASE_ADDR) 0x40900000.
Table 10: CKGEN_SOC registers

Address offset Name RW | Reset Description

Control clock and Reset of SOC. Refer to

0x00 CONTROL RW | 0x01FAO3FO the detailed description below.
Indicates the Reset reason from Cortex-
0x08 REASON_RST R 0x00000000 MO. Refer to the detailed description
below.
ox1C DIE_ID R 0x00000110 Identification information of the device.

Refer to the detailed description below.

Enable or gates the APB clock of the
0x20 CLOCK_EN RW | OxO003FFFF peripherals. Refer to the detailed
description below.

DMA config. Refer to the detailed

0x24 DMA_CONFIG RW | 0x00000000 .
- description below.

Table 11: CKGEN_SOC - CONTROL register description: address offset
CKGEN_SOC_BASE_ADDR+0x00

Bit Field name Reset RW | Description
9:0 RESERVED O0x3F0 R RESERVED
UART baud rate clock setting from 1 to 16
13:10 | UART_CKDIV 0x0 RW | MHz according to the formula 16 / (n + 1)
MHz.
31:14 | RESERVED 0x007ES8 R RESERVED
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Table 12: CKGEN_SOC - REASON_RST register description: address offset
CKGEN_SOC_BASE_ADDR+0x08

Bit Field name Reset RW | Description
0 RESERVED 0x0 R RESERVED
1 SYSREQ 0x0 R Reset caused by Cortex-MO debug

asserting SYSRESETREQ

5 WDG 0x0 R Reset caused by assertion of watchdog

Reset

Reset caused by Cortex-MO asserting
3 LOCKUP 0x0 R | Lockup signal
31:4 | RESERVED 0x0 R RESERVED

Table 13: CKGEN_SOC - DIE_ID register description: address offset
CKGEN_SOC_BASE_ADDR+0x1C

Bit Field name Reset RW | Description
3:0 REV 0x1 R Cut revision
74 VERSION 0x01 R Cut version
11:8 PRODUCT 0x01 R Product
31:12 | RESERVED 0x0 R RESERVED

Table 14: CKGEN_SOC - CLOCK_EN register description: address offset
CKGEN_SOC_BASE_ADDR+0x20

Bit Field name Reset RW | Description

0 GPIO Ox1 RW | GPIO clock

1 NVM 0ox1 RW | Flash controller clock

2 SYSCTRL 0x1 RW | System controller clock
3 UART Ox1 RW | UART clock

4 SPI Ox1 RW | SPI clock

6:5 RESERVED 0x3 R RESERVED

7 WDOG 0x1 RW | Watchdog clock

8 ADC Ox1 RW | ADC clock

9 12C1 Ox1 RwW I12C1 clock

10 12C2 Ox1 RW 12C2 clock

11 MFT1 Ox1 RW | MFT1 clock

12 MFT2 Ox1 RW | MFT2 clock

13 RTC Ox1 RW RTC clock

15:14 | RESERVED 0x3 R RESERVED

16 DMA Ox1 RW | DMA AHB clock

17 RNG Ox1 RW | RNG AHB clock

31:18 | RESERVED 0x0 R RESERVED
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Table 15: CKGEN_SOC - DMA_CONFIG register description: address offset
CKGEN_SOC_BASE_ADDR+0x24

Bit Field name Reset RW Description

0 ADC_CHO 0x0 RW Select ADC on DMA channel 0 instead of peripheral
1 ADC_CH1 0x0 RW Select ADC on DMA channel 1 instead of peripheral
2 ADC_CH2 0x0 RW Select ADC on DMA channel 2 instead of peripheral
3 ADC_CH3 0x0 RW Select ADC on DMA channel 3 instead of peripheral
4 ADC_CH4 0x0 RW Select ADC on DMA channel 4 instead of peripheral
5 ADC_CH5 0x0 RW Select ADC on DMA channel 5 instead of peripheral
6 ADC_CH®6 0x0 RW Select ADC on DMA channel 6 instead of peripheral
7 ADC_CH7 0x0 RW Select ADC on DMA channel 7 instead of peripheral
31:8 RESERVED 0x0 R RESERVED

Only one DMA channel for the ADC should be selected at time. Hardware does
not prevent to select more than one DMA channel for ADC.

CKGEN_BLE peripheral base address (CKGEN_BLE_BASE_ADDR) 0x48100000.
Table 16: CKGEN_BLE registers

Address offset | Name RW | Reset Description
Indicates the Reset reason from BLE.

0x08 REASON_RST R 0x00000005 Refer to the detailed description below.

0x0C CLK32K_COUNT RW | 0X0000000F Counter of 32 kHz clock. Refer to the
detailed description below.

0x10 CLK32K_PERIOD | R | 0x00000000 Period of 32 kHz clock. Refer to the

- detailed description below.

Measurement of frequency of 32 kHz

0x14 CLK32K_FREQ R 0x00000000 clock. Refer to the detailed description
below.
Interrupt event for 32 kHz clock

0x18 CLK32K_IT RW | 0x00000000 measurement. Refer to the detailed
description below.

Table 17: CKGEN_BLE - REASON_RST register description: address offset
CKGEN_BLE_BASE_ADDR+0x08

Bit Field name Reset RW Description

0 RESERVED 0x1 R RESERVED

1 BOR 0x0 R Reset from BOR

2 POR Ox1 R Reset from POR

3 WKP_IO9 0x0 R Wakeup from external 109
4 WKP_1010 0x0 R Wakeup from external 1010
5 WKP_1011 0x0 R Wakeup from external 011
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Bit Field name Reset RW Description
6 WKP_l012 0x0 Wakeup from external 1012
7 WKP_1013 0x0 Wakeup from external 1013
Wakeup coms from the timer 1 expiration in the
8 WKP_BLUE 0x0 R wakeup control block of the BLE radio
Wakeup coms from the timer 2 expiration in the
10 WKP2_BLUE 0x0 R wakeup control block of the BLE radio
31:11 | RESERVED 0x0 R RESERVED
Table 18: CKGEN_BLE - CLK32K_COUNT register description: address offset
CKGEN_BLE_BASE_ADDR+0x0C
Bit Field name Reset RW | Description
. Program the window length (in slow clock
8:0 SLOW_COUNT OxF RW period unit) for slow clock measurement
31:9 RESERVED 0x0 R RESERVED
Table 19: CKGEN_BLE - CLK32K_PERIOD register description: address offset
CKGEN_BLE_BASE_ADDR+0x10
Bit Field name Reset RW | Description
Indicates slow clock period information.
The result provided in this field corresponds
to the length of SLOW_COUNT periods of
the slow clock (32 kHz) measured in 16
MHz half-period unit. The measurement is
18:0 SLOW PERIOD 0x0 R done agtomatlcally each tl_me the device
- enters in active2 mode using
SLOW_COUNT = 16. A new calculation
can be launched by writing zero in
CLK32K_PERIOD register. In this case, the
time window uses the value programmed in
SLOW_COUNT field.
31:19 RESERVED 0x0 R RESERVED
Table 20: CKGEN_BLE - CLK32K_FREQ register description: address offset
CKGEN_BLE_BASE_ADDR+0x14
Bit Field name Reset RW Description
26:0 SLOW_FREQ 0x0 Value equal to 233 / SLOW_PERIOD
31:27 RESERVED 0x0 RESERVED
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Table 21: CKGEN_BLE - CLK32K_IT register description: address offset
CKGEN_BLE_BASE_ADDR+0x18

Bit Field name Reset RW Description
When read, provides the status of the
interrupt indicating slow lock measurement
is finished:
0: No pending interrupt.
0 CLK32K_MEAS_IRQ 0x0 RW 1: Pending interrupt.
When written, clears the interrupt:
0: No effect.
1: Clear the interrupt.
31:1 RESERVED 0x0 R RESERVED
3.6 ADC
3.6.1 Introduction
The BlueNRG-1 integrates a 10-bit Analog-to-Digital Converter (ADC) for sampling an
external signal.
Main features are:
e  Sampling frequency 1 MHz
e  One channel in single ended or differential input through the pins ADC1 and ADC2
e  Temperature and battery level conversion
e  The conversion are either continuous or single step acquisition
e An integrated digital filter is used to process a PDM data stream from a MEMS
microphone
3.6.2 Functional overview
The figure below shows a top diagram of the ADC.
Figure 8: ADC block diagram
ADCA pin [
O [PaA | M
— | )
x —1
InP ADC_DATA v
I ADC % DOWN?AMPLE CONV DATA
InN ADC_CLK M FILTERS
ADC2 pin " U .
[l II PGA Il M X
U 1
BLD X
CLK
MIC_SEL
1 5
CHSEL 101x  102x
CLK to external PDM signal from
microphone external microphone
(1.6 MHz or 800 kHz)
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Several channels are available for conversion, the CHSEL selects the channel according to
Table 22: "ADC channels".

Table 22: ADC channels

CHSEL Channels description

All switch open. No input

Single ended through ADC2 pin. InP = Vbias (internal), InN = ADC2 pin

Single ended through ADC1 pin. InP = ADC1 pin, InN = Vbias (internal)

Differential ADC1 pin — ADC2 pin. InP = ADCL1 pin, InN = ADC2 pin

Temperature sensor. INN=TEMP, InP = 0.6 V (internal)

Battery level detector. InN = BLD, InP = 0.6 V (internal)

O~ |W|IN|FL|O

Short. InP =InN = 0.6 V (internal)

The conversion can be single (CONT = 0) or continuous (CONT = 1). In continuous mode,
the conversion runs with a preprogrammed sampling rate, while in single step mode the
ADC performs a conversion and then stops.

The output data rate depends on the setting of OSR according to the following table.
Table 23: ADC data rate

OSR Output data rate [Ksample/s]
0 (200) 5

1 (100) 10

2 (64) 15.625

3(32) 31.25

The setting of the oversampling ratio (OSR) must be done according to the frequency of
the input signal (AC), while for DC signals the best performance is with OSR = 200. In
order to achieve the best performance, the setting of the attenuation (PGASEL) and of the
Vbias (REFSEL) must be done according to the range of the expected input signal as
reported in the following table:

Table 24: ADC parameters settings

Vin range [V] Vbias [V] PGA [dB] REFSEL value PGASEL value
[0, 1.2] 0.6 0 2 0
[0, 2.4] 0.6 6.02 2 1
[0, 3.6] 0.6 9.54 2 2
[0.6, 1.8] 1.2 0 3 3
[1.2, 3.6] 1.2 6.02 3 1

The system can work in conjunction with an external MEMS microphone by setting
MIC_SEL. In this mode, an 10 configured as PDM_CLK provides the clock to the external
microphone, while an 10 configured as PDM_DATA received the PDM stream from the
external microphone. The external clock is 1.6 MHz (DIG_FILT_CLK = 0) or 0.8 MHz
(DIG_FILT_CLK =1).

The output data rate changes with the OSR according to Table 25: "Output data rate with
microphone".

3
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3.6.2.3
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Table 25: Output data rate with microphone

DIG_FILT_CLK OSR Output data rate [Ksample/s]
0 (200) 4
1 (100) 8
1 (clock = 0.8 MHz)
2 (64) 12,5
3(32) 25
0 (200) 8
1 (100) 16
0 (clock = 1.6 MHz)
2 (64) 25
3(32) 50

ADC start conversion

The ADC both analog and digital sub-system are switched on by setting ADCON and
SWSTART.

The conversion operation consists of four phases.

1. The wake-up phase lasts 5 us, is present at the beginning of a single acquisition, with
the goal to let the analog system to settle before to start the acquisition.

2. Ifthe CALEN is set, a calibration phase is performed. It permits to compensate the
offset in the analog part. The conversion status is tracked by SR status register. At the
beginning of the conversion the BUSY bit is set and masks any attempt to change
CONF, up to the end of the conversion. At end of this conversion, the ENDCAL flag is
generated and the OFFSET register is written with the converted offset voltage.

3. The acquisition phase is regulated by a timeout depending on the resolution. In this
phase, digital filter chain processes the data coming from ADC.

4. The elaboration phase is at the end of the timeout, the data obtained at the output of
the digital filter is written in the DATA register. If the calibration is on, the output of the
digital filter is de-embedded considering the content of the OFFSET register.
Furthermore, the ADCEOC flag is generated to warn about the end of conversion. If
ENAB_COMP bit is set, the WDOG flag is generated to warn that the result of the
conversion is between a high THRESHOLD_HI and low threshold THRESHOLD_LO.

ADC offset

The ADC can correct automatically the offset and the gain error.

To enable the automatic offset correction the CALEN and the OFFSET_UPDATE must be
set. The result of the last calibration is stored in the OFFSET register.

The correction of the offset can be also done manually, for example by making a
conversion of the internal channel InP = InN = 0.6 V and after that, writing the result of
conversion in the OFFSET register.

ADC conversion

The relationship between differential input voltage and ADCraw code (first 16-bit MSB of
ADC_CONV register) depends on a limited set of parameters: the digital reference voltage
VREF, the PGA value, and a scaling factor.

Differential mode

Vavcrswouy = Vaner — Vanes = (1 + PGASEL) + (W(OSR)

) « VREF
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With:
e  PGASEL is the input attenuation register, values: 0, 1 or 2.
e  ADCraw is the value ADC_CONV[31:16].
e FS_16(OSR) is the full scale factor for ADCraw it depends on the oversampling ratio

(OSRY):

- FS_16(32) = FS_16(64) = 16708

— FS_16(100) = FS_16(200) = 19450
e  Vrer represents the digital core power supply, equals to 2*VDD1V2 = 2.4.
Single ended mode

Vapcrvorry = (1 + PGASEL) + (Vbias + <M) « VREF
(vVolt) FS_16(0SR)

With:

3

e  PGASEL is the input attenuation register, values: 0, 1 or 2.

e  ADCraw is the value ADC_CONV[31:16].

e FS_16(OSR) is the full scale factor for ADCraw it depends on the oversampling ratio
(OSR):
- FS_16(32) = FS_16(64) = 16708
— FS_16(100) = FS_16(200) = 19450

e VREF represents the digital core power supply, equals to 2*VDD1V2 = 2.4,

e  Vbhias is given by the register REFSEL, value 0.6 V or 1.2 V.

Battery level detector

FS_16(0SR)

This mode enables the monitoring of the battery voltage Veart, through an internal resistive
bridge.

With:

ADCraw is the value ADC_CONV[31:186].
FS_16(0OSR) is the full scale factor for ADCraw it depends on the oversampling ratio
(OSR):
- FS_16(32) =FS_16(64) = 16708.
— FS_16(100) = FS_16(200) = 19450
e VREF represents the digital core power supply, equals to 2*VDD1V2 = 2.4.
e Vbhias is given by the register REFSEL, value 0.6 V or 1.2 V.
e  Kpgarris equals to 4.36.

Vearrwoir) = Kparr * (Vbias — ( ) * VREF)

Temperature sensor

This mode enables the monitoring of the temperature by means of an internal sensor, with
the following voltage to temperature conversion:

DCraw

_ZRAW ), VREF) + OFFSET
FS_16(OSR)) ’ )+ re

Vrempecy = Kre * (Vbias — (

With:

e  ADCraw is the value ADC_CONV[31:16].

e FS_16(OSR) is the full scale factor for ADCraw it depends on the oversampling ratio
(OSR):
- FS_16(32) =FS_16(64) = 16708
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— FS_16(100) = FS_16(200) = 19450
VREF represents the digital core power supply, equals to 2*VDD1V2 = 2.4,
Vbias is given by the register REFSEL, value 0.6 V or 1.2 V.

Krc is equals to 401

OFFSETc is equals to -267 °

To ensure an accurate temperature reading, one shall read this value several times, and
perform an averaging.

ADC registers
ADC peripheral base address (ADC_BASE_ADDR) 0x40800000.
Table 26: ADC registers

Address o
offset Name RW | Reset Description
ADC control register. Refer to the detailed
0x00 CTRL RW | 0x00000000 description below.
0x04 CONE RW | OXEEEFFEEE ADC_ conflgure_\tlc_)n register. Refer to the
detailed description below.
IRQ masked status register. Refer to the
0x08 IRQSTAT R 0x00000000 detailed description below.
It sets the mask for ADC interrupt. Refer to
0x0C IRQMASK RW" | 0x0000000F the detailed description below.
0x16 DATA_CONV R 0x00000000 Result of the conversion in two
complement format.
0x18 OFFSET RW | 0x00000000 | Offset for correction of converted data
0x20 SR REG RW | 0x00000000 ADC §ta_tus register. Refer to the detailed
- description below.
0x24 THRESHOLD_HI | RW | OXxFFFFFFFF | High threshold for window comparator
0x28 THRESHOLD_LO | RW | 0x00000000 | Low threshold for window comparator

Table 27: ADC - CTRL register description: address offset ADC_BASE_ADDR+0x00

Bit Field name Reset | RW | Description
Starts ADC analog subsystem. This bit must be set before
starting a conversion.
0 ON 00| RW | 4. ADC is OFF.
1: ADC is ON.
Enables the calibration phase when set to 1. This bit is
1 CALEN 0x0 RW | cleared and the calibration is disabled by setting the
RSTCALEN bit.
2 SWSTART 0x0 RW | Starts the ADC conversion phase when set.
3 RESET 0x0 RW | Reset all the ADC registers when set.
Permits to stop the continuous conversion.
0: continuous conversion is enabled but SWSTART and
4 STOP 0x0 RW ADCON bits must be set.
1: stop the continuous conversion and switch off the ADC.
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Bit

Field name

Reset

RW

Description

ENAB_COMP

0x0

RW

Enables the window comparator when set to 1. WDOG
flag is ADC_SR register is set if the converted value is
between THRESHOLD_HI and THRESHOLD_LO value.

RSTCALEN

0x0

RW

Disable the calibration phase when set to 1. This bit has to
be set to disable the calibration each time calibration is
enabled.

AUTO_OFFSET

0x0

RW

Enables the update of OFFSET register.
0: OFFSET register is not updated.
1: OFFSET register is updated.

MIC_ON

0x0

RW

Enables the filter chain for voice when set to 1.
0: Filter chain is disabled.
1: Filter chain is enabled.

DMA_EN

0x0

RW

Enables the DMA.
0: DMA is disabled.
1: DMA is enabled.

31:10

RESERVED

0x0

RESERVED

Table 28: ADC - CONF register description: address offset ADC_BASE_ADDR+0x04

Bit

Field name

Reset

RW

Description

EN_DFMODE

Ox1

RW

Control the current in differential mode:

0: Differential mode with DC common mode current not
nulled.

1: Differential mode with DC common mode current
nulled.

3:1

CHSEL

ox7

RW

Select the input channel:
000b: All switches open.

001b: Single ended through ADC2 pin. InP = Vbias
(internal), InN = ADC2 pin.

010b: Single ended through ADC1 pin. InP = ADC1 pin,
INN = Vbias (internal).

011b: Differential ADC1 pin - ADC2 pin, InP = ADC1 pin,
InN = ADC2 pin.

100b: Temperature sensor. InP = 0.6 V (internal), InN =
TEMP.

101b: Battery level detector. InP = 0.6 V (internal), InN =
BLD.

110b: Short InN = InP = 0.6 V (internal).

5:4

REFSEL

0x3

RW

Set the Vbias for single ended conversion:
10b: 0.6 V
11b: 1.2V

3
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Bit Field name Reset | RW | Description

Set the oversampling ratio.

00b: Set the oversampling ratio to 2002
7:6 OSR 0x3 RW | 01b: Set the oversampling ratio to 100
10b: Set the oversampling ratio to 64
11b: Set the oversampling ratio to 32

Set the input attenuator value:
000b: Input attenuator at 0 dB
001b: Input attenuator at 6.02 dB
010b: Input attenuator at 9.54 dB

9:8 PGASEL 0x3 RW

10 RESERVED 0x1 R RESERVED

Enable the continuous conversion mode:
11 CONT Ox1 RW | 0: Single conversion
1: Continuous conversion

17:12 | RESERVED Ox3F R RESERVED

It permits to bypass the filter comb to speed up the
conversion for signal at low frequency:

0: Filter for comb not bypassed
1: Filter for comb bypassed

18 SKIP 0x1 RW

19 RESERVED 0Ox1 R RESERVED

Frequency clock selection value on GPIOO when
MIC_SEL=1:

0: 0.8 MHz
1:1.6 MHz

20 DIG_FILT_CLK 0x1 RW

Disable the wake-up timer before to start the conversion
from input:

0: Do not disable the wake up time before conversion
1: Disable the wake up time before conversion

21 DIS_WKP_WAIT | Ox1 RW

Provides the clock on GPIO:
22 MIC_SEL 0x1 RW | 0: Do not provided any external clock source
1: Provide clock source from GPIO

31:23 | RESERVED Ox1FF | R RESERVED

Table 29: ADC - IRQSTAT register description: address offset ADC_BASE_ADDR+0x08

Bit Field name | Reset | RW | Description

0 ENDCAL 0x0 R 1: when the calibration is completed. Clear on register read.

1: during conversion. Clear on register read if BUSY condition

1 BUSY 0x0 R -
no more active.

2 EOC 0x0 R 1: when the conversion is completed. Clear on register read.

1: when the data is within the thresholds. Clear on register

3 WDOG 0ox0 R
read.

31:4 | RESERVED | 0x0 R RESERVED

@ Best value for sampling DC signals.

3
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Table 30: ADC - IRQMASK register description: address offset ADC_BASE_ADDR+0x0C

Bit Field name Reset RW | Description

Interrupt mask for the end of calibration event:
0 ENDCAL 0x1 RW | 0: Interrupt is enabled.
1: Interrupt is disabled.

Interrupt mask for the ADC busy event:
1 BUSY 0x1 RW | O: Interrupt is enabled.
1: Interrupt is disabled.

Interrupt mask for the end of conversion event:
2 EOC 0x1 RW | O: Interrupt is enabled.
1: Interrupt is disabled.

Interrupt mask for the within the threshold event:

3 WDOG 0ox1 RW | O: Interrupt is enabled.
1: Interrupt is disabled.
31:4 RESERVED 0x0 R RESERVED

Table 31: ADC - DATA_CONV register description: address offset ADC_BASE_ADDR+0x16

Bit Field name Reset RW | Description

0:15 | DATA_CONV | 0x00000000 | R Result of the conversion in two complement format.

Table 32: ADC - OFFSET register description: address offset ADC_BASE_ADDR+0x18

Bit Field name Reset RW Description

31:0 OFFSET 0x00000000 RW Offset for correction of converted data.

Table 33: ADC - SR_REG register description: address offset ADC_BASE_ADDR+0x20

Bit Field name | Reset | RW | Description

1: when the calibration is completed. The result of the

0 ENDCAL 0x0 RW calibration is written in the OFFSET register.

1 BUSY 0x0 RW | 1: during conversion.

2 EOC 0x0 RW | 1: when the conversion is completed.

If ENAB_COMP = 1, this bit indicates the result of the
conversion is between high and low threshold:

0: DATAOUT([31:0] is NOT between THRESHOLD_HI and
THRESHOLD_LO values.

1: DATAOUT[31:0] is between THRESHOLD_HI and
THRESHOLD_LO values.

3 WDOG 0x0 RW

31:4 | RESERVED | 0x0 R RESERVED

Table 34: ADC - THRESHOLD_HI register description: address offset ADC_BASE_ADDR+0x24

Bit Field name Reset RW | Description
31:0 | THRESHOLD_HI OXFFFFFFFF RW | High threshold for window comparator.
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Table 35: ADC - THRESHOLD_LO register description: address offset
ADC_BASE_ADDR+0x28

Bit Field name Reset RW | Description

31:0 | THRESHOLD_LO 0x00000000 RW | Low threshold for window comparator.

DMA

Introduction

The BlueNRG-1 device embeds a DMA allowing various combination of data transfer
between the memory and the peripherals without CPU intervention.

Main features are:

e  Eight independently configurable channels connected to dedicated hardware DMA
requests; software trigger is also supported.

e  Priorities between requests from channels of the DMA are software programmable
(four levels consisting of very high, high, medium, low). When two channels with same
software priority need attention, channel with lower hardware index will take priority.

. Independent source and destination transfer size (byte, half word, word), emulating
packing and unpacking.

e  Support for circular buffer management.

o Eventflags (DMA half transfer, DMA transfer complete), logically ORed together in a
single interrupt request for each channel.

e  Memory-to-memory transfer (RAM only), peripheral-to-memory and memory-to-
peripheral, and peripheral-to-peripheral transfers.

e  Programmable number of data to be transferred up to 65536 bytes.

Functional overview

The DMA controller performs 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.

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, the DMA controller sends an acknowledge to the
peripheral. 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:

e 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_CPARx or DMA_CMARX register

e 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_CPARXx or DMA_CMARX register

DoclD028866 Rev 2 ‘Yl




BlueNRG-1 Functional details

e  The post-decrementing of the DMA_CNDTRX register, which contains the number of
transactions that have still to be performed.

3.7.2.2 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:

e  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

e  Hardware: if two requests have the same software priority level, the channel with the
lowest number will get priority versus the channel with the highest number. For
example, channel 2 gets priority over channel 4.

3.7.2.3 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_CCRX register.

Pointer increments

Peripheral and memory pointers can optionally be automatically post-incremented after
each transaction depending on the PINC and MINC bits in the DMA_CCRX register. If
incremented mode is enabled, the address of the next transfer will be 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 noncircular 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.

If a DMA channel is disabled, the DMA registers are not Reset. The DMA channel registers
(DMA_CCRx, DMA_CPARXx and DMA_CMARKX) 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. Setthe peripheral register address in the DMA_CPARX register. The data will be
moved from/ to this address to/ from the memory after the peripheral event.

3
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2. Setthe memory address in the DMA_CMARX register. The data will be written to or
read from this memory after the peripheral event.

3. Configure the total number of data to be transferred in the DMA_CNDTRX register.

After each peripheral event, this value will be decremented.

Configure the channel priority using the PL[1:0] bits in the DMA_CCRX register.

Configure data transfer direction, circular mode, peripheral & memory incremented

mode, peripheral & memory data size, and interrupt after half and/or full transfer in the

DMA_CCRXx 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.

oA

Circular mode

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_CCRXx
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_CCRX register. The transfer stops once the
DMA_CNDTRX register reaches zero. Memory-to-Memory mode may not be used at the
same time as Circular mode.

Programmable data width, data alignment and endianness

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as
described in Table 36: "Programmable data width and endian behavior (when bits PINC =
MINC = 1)": Programmable data width & endian behavior (when bits PINC = MINC = 1).

Table 36: Programmable data width and endian behavior (when bits PINC = MINC = 1)

Source L Numper o Source Destination
Destination data items ) . -
pgrt ort width to transfer content: Transfer operations content:
width | P b address/data address/data
1: READ BO0[7:0]
@0x0 /B0 @0x0 then WRITE @0x0 /B0
BO[7:0] @0x0
2: READ B1[7:0]
@0x1/B1 @0x1 then WRITE @0x1/B1
BO[7:0] @0x1
8 8 4
3: READ B2[7:0]
@0x2 /B2 @0x2 then WRITE @0x2 /B2
BO[7:0] @0x2
4: READ B3[7:0]
@0x3 /B3 @0x3 then WRITE @0x3 /B3
BO[7:0] @0x3
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Number of N
Source Destination data items Source. _ Destlnatlgn
port ort width to transfer content: Transfer operations content:
width P (NDT) address/data address/data
1: READ BO[7:0]
@0x0 /B0 @0x0 then WRITE @0x0 / 00B0O
00BO[15:0] @0x0
2: READ B1[7:0]
@0x1/B1 @0x1 then WRITE @0x2 / 00B1
00BO[15:0] @0x2
8 16 4
3: READ B2[7:0]
@0x2 /B2 @0x2 then WRITE @0x4 / 00B2
00BO[15:0] @0x4
4: READ B3[7:0]
@0x3/B3 @0x3 then WRITE @0x6 / 00B3
00B0[15:0] @0x6
1: READ BO0[7:0]
@0x0 / BO @0x0 then WRITE (%%)6%(/350
000000B0[31:0] @0Ox0
2: READ B1[7:0]
@0x1 / B1 @0x1 then WRITE (%%)é)%(l)Bl
000000B0[31:0] @0x4
8 32 4 3: READ B2[7:0] @08/
@0x2 /B2 @0x2 then WRITE 000000B2
000000B0[31:0] @0Ox8
4: READ B3[7:0]
@0x3 then WRITE @oxC/
@Ox3 /B3 000000B0[31:0] 000000B3
@0xC
1: READ B1B0[15:0]
@0x0/ B1BO @0x0 then WRITE @0x0 /B0
BO[7:0] @0x0
2: READ B3B2[15:0]
@0x1/B3B2 @0x2 then WRITE @0x1/B2
BO[7:0] @0x1
16 8 4
3: READ B5B4[15:0]
@0x2 / B5B4 @0x4 then WRITE @0x2 / B4
BO[7:0] @0x2
4: READ B7B6[15:0]
@0x3/B7B6 @0x6 then WRITE @0x3/B6
BO[7:0] @0x3
1: READ B1B0[15:0]
@0x0/B1B0O @0x0 then WRITE @0x0/B1BO
B1B0[15:0] @0x0
2: READ B3B2[15:0]
16 16 4 @0x1 /B3B2 @O0x2 then WRITE @0x2 / B3B2
B3B2[15:0] @0x2
3: READ B5B4[15:0]
@0x2 / B5B4 @0x4 then WRITE @0x4 / B5B4
B5B4[15:0] @0x4
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Number of L
Sg;Jtrce Destination data items ci%g;%?' Transfer operations Diiﬂ?:élt?n
pC port width to transfer : P :
width address/data address/data
(NDT)
4: READ B7B6[15:0]
@0x3/B7B6 @0x6 then WRITE @0x6 / B7B6
B7B6[15:0] @0x6
1: READ B1B0[15:0]
@0x0 then WRITE @0x0 /
@Ox0/BIBO | (000B1BO[31:0] 0000B1B0
@0x0
2: READ B3B2[15:0]
@0x2 then WRITE @0x4 /
@Ox1/B3B2 | 1000B3B2[31:0] 0000B3B2
@0x4
16 32 4
3: READ B5B4[15:0]
@0x4 then WRITE @0x8 /
@O0x2/B5B4 | (000B5BA4[31:0] 0000B5B4
@0x8
4: READ B7B6[15:0]
@0x6 then WRITE @O0xC /
@Ox3/B7B6 | 000B7B6[31:0] 0000B7B6
@0xC
1: READ
@0x0 / B3B2B1B0[31:0]
B3B2B1B0O @0x0 then WRITE @0x0 /B0
BO[7:0] @Ox0
2: READ
@0x4 / B7B6B5B4[31:0]
B7B6B5B4 @0x4 then WRITE @0x1 /B4
BO[7:0] @0x1
32 8 4
3: READ
@0x8 / BBBAB9B8[31:0]
BBBAB9B3 @0x8 then WRITE @0x2 /88
BO[7:0] @0x2
4: READ
@O0xC / BFBEBDBCJ[31:0]
BFBEBDBC @0xC then WRITE @0x3/BC
BO[7:0] @0x3
1: READ
@0x0 / B3B2B1B0[31:0]
B3B2B1B0O @0x0 then WRITE @0x0/B1BO
B1BO0[15:0] @0x0
2: READ
@0x4 / B7B6B5B4[31:0]
32 16 4 B7B6B5B4 @Ox4 then WRITE @0x2/ B5B4
B3B2[15:0] @0x2
3: READ
@0x8 / BBBAB9B8[31:0]
BBBAB9BS8 @0x8 then WRITE @0x4/B9B8
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Number of L
ﬁgﬁrce DESIPETDD | CEE (Ems cso?::grjﬁ' Transfer operations Diiﬂ?:élt?n
- port width to transfer : :
width address/data address/data
(NDT)
4: READ
@0oxC/ BFBEBDBCJ[31:0]
BFBEBDBC @0xC then WRITE @0x6 /BDBC
B7B6[15:0] @0x6
1: READ
0000B1B0[31:0]
@0x0
2: READ
O s | O venme | OO
0000B3B2[31:0]
@0x4
32 32 4
3: READ
B@Boé(iéQBS %%'i@?ﬁff@ﬁ?& B@Boé(iégBS
0000B5B4[31:0]
@0x8
4: READ
O Cione | GOCTanware | SOCL
0000B7B6[31:0]
@O0oxC
The DMA is addressed through AHB and can be accessed only with 32-bit access. Any 8-
bit or 16-bit access will generate a hard fault.
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:
e  To write the halfword “OxABCD”, the DMA sets the HWDATA bus to “OxABCDABCD”
with HSIZE = HalfWord
e  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 will transform any AHB byte or halfword operation into a 32-bit
APB operation in the following manner:
e an AHB byte write operation of the data “0xB0” to 0x0 (or to 0x1, 0x2 or 0x3) will be
converted to an APB word write operation of the data “OxBOBOB0BO0” to 0x0
e an AHB half-word write operation of the data “OxB1B0” to 0x0 (or to 0x2) will be
converted to an APB word write operation of the data “0xB1B0B1B0” to 0x0
3.7.25 Error management

3

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
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corresponding Channel configuration register (DMA_CCRXx). The channel's transfer error
interrupt flag (TEIF) in the ISR register is set and an interrupt is generated if the transfer
error interrupt enable bit (TEIE) in the DMA_CCRX register is set.

3.7.2.6 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 37: DMA interrupt requests

Interrupt event Event flag Enable control bit
Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE

3.7.2.7 DMA request mapping

The eight requests from the peripherals (SPI, 12Cx[1,2] and UART) are multiplexed before
entering DMA with the ADC request. For each channel, the choice between the peripheral
and the ADC is done through the DMA_CONFIG register.

Figure 9: DMA request mapping in BlueNRG-1

CKGEN_SOC
DMA_CONFIG[x]
Fixed HW priority
ADC . Gacid
; High priority
Channel 0
UART RX FIFO—’i
N
| % Channel1
UART TX FIFO —{° |
(S
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12C1 RX FIFO —-ﬁ 0]
=8 Internal DMA
;"'\ request
——————#k Channel 3 —
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N
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SPI RX FIFO e
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SPITXFIFO —P{°
=
» 1
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12C2 RX FIFO —)°©
=
d v
; Channel 7
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3.7.3

DMA registers

DMA peripheral base address (DMA_BASE_ADDR) 0xA0000000.
Table 38: DMA registers

AR Name | RW | Reset Description

offset

0x00 ISR R 0x00000000 DMA !ntgrrupt status register. Refer to the detailed
description below.

0x04 IFCR | w 0x00000000 DMA interrupt flag clear register. Refer to the detailed
description below.

Table 39: DMA - ISR register description: address offset DMA_BASE_ADDR+0x00

Bit

Field name

Reset

RW

Description

GIFO

0x0

Channel 0 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 0.
1: ATE, HT or TC event occurred on channel 0.

TCIFO

0x0

Channel 0 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 0.
1: A transfer complete (TC) occurred on channel 0.

HTIFO

0x0

Channel 0 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 0.
1: A half transfer (HT) event occurred on channel 0.

TEIFO

0x0

Channel 0 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 0.
1: A transfer error (TE) occurred on channel 0.

GIF1

0x0

Channel 1 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 1.
1: ATE, HT or TC event occurred on channel 1.

TCIF1

0x0

Channel 1 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 1.
1: A transfer complete (TC) occurred on channel 1.

HTIF1

0x0

Channel 1 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 1.
1: A half transfer (HT) event occurred on channel 1.

3
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Bit

Field name

Reset

RW

Description

TEIF1

0x0

Channel 1 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 1.
1: A transfer error (TE) occurred on channel 1.

GIF2

0x0

Channel 2 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 2.
1: ATE, HT or TC event occurred on channel 2.

TCIF2

0x0

Channel 2 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 2.
1: A transfer complete (TC) occurred on channel 2.

10

HTIF2

0x0

Channel 2 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 2.
1: A half transfer (HT) event occurred on channel 2.

11

TEIF2

0x0

Channel 2 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 2.
1: A transfer error (TE) occurred on channel 2.

12

GIF3

0x0

Channel 3 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 3.
1: ATE, HT or TC event occurred on channel 3.

13

TCIF3

0x0

Channel 3 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 3.
1: A transfer complete (TC) occurred on channel 3.

14

HTIF3

0x0

Channel 3 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 3.
1: A half transfer (HT) event occurred on channel 3.

15

TEIF3

0x0

Channel 3 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 3.
1: A transfer error (TE) occurred on channel 3.

44/177
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Bit

Field name

Reset

RW

Description

16

GIF4

0x0

Channel 4 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 4.
1: ATE, HT or TC event occurred on channel 4.

17

TCIF4

0x0

Channel 4 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 4.
1: A transfer complete (TC) occurred on channel 4.

18

HTIF4

0x0

Channel 4 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 4.
1: A half transfer (HT) event occurred on channel 4.

19

TEIF4

0x0

Channel 4 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 4.
1: A transfer error (TE) occurred on channel 4.

20

GIF5

0x0

Channel 5 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 5.
1: ATE, HT or TC event occurred on channel 5.

21

TCIF5

0x0

Channel 5 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 5.
1: A transfer complete (TC) occurred on channel 5.

22

HTIF5

0x0

Channel 5 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 5.
1: A half transfer (HT) event occurred on channel 5.

23

TEIF5

0x0

Channel 5 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 5.
1: A transfer error (TE) occurred on channel 5.

24

GIF6

0x0

Channel 6 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 6.
1: ATE, HT or TC event occurred on channel 6.

3
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Bit

Field name

Reset

RW

Description

25

TCIF6

0x0

Channel 6 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 6.
1: A transfer complete (TC) occurred on channel 6.

26

HTIF6

0x0

Channel 6 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 6.
1: A half transfer (HT) event occurred on channel 6.

27

TEIF6

0x0

Channel 6 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 6.
1: A transfer error (TE) occurred on channel 6.

28

GIF7

0x0

Channel 7 global interrupt flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No TE, HT or TC event on channel 7.
1: ATE, HT or TC event occurred on channel 7.

29

TCIF7

0x0

Channel 7 transfer complete flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer complete (TC) on channel 7.
1: A transfer complete (TC) occurred on channel 7.

30

HTIF7

0x0

Channel 7 half transfer flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No half transfer (HT) event on channel 7.
1: A half transfer (HT) event occurred on channel 7.

31

TEIF7

0x0

Channel 7 transfer error flag. This bit is set by
hardware. It is cleared by software writing 1 to the
corresponding bit in the IFCR register.

0: No transfer error (TE) event on channel 7.
1: A transfer error (TE) occurred on channel 7.

Table 40: DMA

- IFCR register description: address offset DMA_BASE_ADDR+0x04

Bit

Field name

Reset

RW

Description

CGIFO

0x0

Channel 0 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

CTCIFO

0x0

Channel 0 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.
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Bit

Field name

Reset

RW

Description

CHTIFO

0x0

Channel 0 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

CTEIFO

0x0

Channel 0 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

CGIF1

0x0

Channel 1 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

CTCIF1

0x0

Channel 1 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

CHTIF1

0x0

Channel 1 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

CTEIF1

0x0

Channel 1 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

CGIF2

0x0

Channel 2 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

CTCIF2

0x0

Channel 2 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

10

CHTIF2

0x0

Channel 2 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

3

DocIlD028866 Rev 2 47/177




Functional details

BlueNRG-1

Bit

Field name

Reset

RW

Description

11

CTEIF2

0x0

Channel 2 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

12

CGIF3

0x0

Channel 3 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

13

CTCIF3

0x0

Channel 3 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

14

CHTIF3

0x0

Channel 3 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

15

CTEIF3

0x0

Channel 3 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

16

CGIF4

0x0

Channel 4 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

17

CTCIF4

0x0

Channel 4 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

18

CHTIF4

0x0

Channel 4 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

19

CTEIF4

0x0

Channel 4 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.
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Bit

Field name

Reset

RW

Description

20

CGIF5

0x0

Channel 5 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

21

CTCIFS5

0x0

Channel 5 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

22

CHTIFS

0x0

Channel 5 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

23

CTEIF5

0x0

Channel 5 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

24

CGIF6

0x0

Channel 6 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

25

CTCIF6

0x0

Channel 6 transfer complete flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TCIF flag in the ISR
register.

26

CHTIF6

0x0

Channel 6 half transfer flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding HTIF flag in the ISR
register.

27

CTEIF6

0x0

Channel 6 transfer error flag. This bit is set by
software.

0: No effect.

1: Clears the corresponding TEIF flag in the ISR
register.

28

CGIF7

0x0

Channel 7 global interrupt flag. This bit is set by
software.

0: No effect.

1: Clears the GIF, TEIF, HTIF and TCIF flags in the
ISR register.

3
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Bit Field name Reset RW | Description
Channel 7 transfer complete flag. This bit is set by
software.
29 CTCIF7 0x0 w 0: No effect.
1: Clears the corresponding TCIF flag in the ISR
register.
Channel 7 half transfer flag. This bit is set by
software.
30 CHTIF7 0x0 w 0: No effect.
1: Clears the corresponding HTIF flag in the ISR
register.
Channel 7 transfer error flag. This bit is set by
software.
31 CTEIF7 0x0 w 0: No effect.
1: Clears the corresponding TEIF flag in the ISR
register.
e DMA_CHO peripheral base address (DMA_CHO_BASE_ADDR) 0xA0000008
e DMA_CHA1 peripheral base address (DMA_CH1 BASE_ADDR) 0xA000001C
e  DMA_CH2 peripheral base address (DMA_CH2_BASE_ADDR) 0xA0000030
e  DMA_CH3 peripheral base address (DMA_CH3_BASE_ADDR) 0xA0000044
e DMA_CH4 peripheral base address (DMA_CH4_BASE_ADDR) 0xA0000058
e  DMA_CHS5 peripheral base address (DMA_CH5_BASE_ADDR) 0xA000006C
e  DMA_CHS6 peripheral base address (DMA_CH6_BASE_ADDR) 0xA0000080
e DMA_CHZ7 peripheral base address (DMA_CH7_BASE_ADDR) 0xA0000094
Table 41: DMA_CHx registers
ABEITESE Name RW | Reset Description
offset
0x00 CCR RW | 0x00000000 DMA channel _co_nfiguration register. Refer to the
detailed description below.
0x04 CNDTR | RW | 0x00000000 DMA_ channel _nu.mber of data register. Refer to the
detailed description below.
0X08 CPAR RW | 0x00000000 DMA chgannel peri_ph_eral address register. Refer to
the detailed description below.
0X0C CMAR RW | 0x00000000 DMA_ channel memory address register. Refer to the
detailed description below.

Table 42: DMA_CHx - CCR register description: address offset DMA_CHX_BASE_ADDR+0x00

Bit

Field name

Reset

RW

Description

EN

0x0

RW

DMA channel enable.
0: DMA channel disabled.
1: DMA channel enabled.

TCIE

0x0

RwW

Transfer complete interrupt enable.
0: TC interrupt disabled.
1: TC interrupt enabled.
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Bit

Field name

Reset

RW

Description

HTIE

0x0

RW

Half transfer interrupt enable.
0: HT interrupt disabled.
1: HT interrupt enabled.

TEIE

0x0

RW

Transfer error interrupt enable.
0: TE interrupt disabled.
1: TE interrupt enabled.

DIR

0x0

RW

Data transfer direction.
0: Read from peripheral.
1: Read from memory.

CIRC

0x0

RW

Circular mode.
0: Circular mode disabled.
1: Circular mode enabled.

PINC

0x0

RW

Peripheral increment mode.
0: Peripheral increment disabled.
1: Peripheral increment enabled.

MINC

0x0

RW

Memory increment mode.
0: Memory increment disabled.
1: Memory increment enabled.

9:8

PSIZE

0x0

RW

Peripheral size.
00b: Size 8 bits.
01b: Size 16 bits.
10b: Size 32 bits.

11:10

MSIZE

0x0

RW

Memory size.
00b: Size 8 bits.
01b: Size 16 bits.
10b: Size 32 bits.

13:12

PL

0x0

RW

Channel priority level.
00b: Low priority.

01b: Medium priority.
10b: High priority.
11b: Very high priority.

14

MEM2MEM

0x0

RW

Memory to memory mode.

0: Memory to memory mode disabled.
0: Memory to memory mode enabled.

31:15

RESERVED

0x0

RESERVED

3
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Table 43: DMA_CHx - CNDTR register description: address offset
DMA_CHX_BASE_ADDR+0x04

Bit Field name Reset RW | Description

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 register decrements after each DMA
15:0 NDT 0x0 RW | 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.

31:16 | RESERVED 0x0 R RESERVED

Table 44: DMA_CHx - CPAR register description: address offset
DMA_CHX_BASE_ADDR+0x08

Bit Field name Reset RW | Description

Base address of the peripheral data register from/to
which the data will be read/written. When PSIZE is 01
(16-bit), the PA[O] bit is ignored. Access is
automatically aligned to a halfword address. When
PSIZE is 10 (32-bit), PA[1:0] are ignored. Access is
automatically aligned to a word address.

31:.0 PA 0x0 RW

Table 45: DMA_CHx - CMAR register description: address offset
DMA_CHX_BASE_ADDR+0x0C

Bit Field name Reset RW | Description

Base address of the memory area from/to which the
data will be read/written. When MSIZE is 01 (16-bit),
the MA[O] bit is ignored. Access is automatically
aligned to a halfword address. When MSIZE is 10
(32-bit), MA[1:0] are ignored. Access is automatically
aligned to a word address.

31:0 MA 0x0 RW

3
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3.8 SPI

3.8.1 Introduction
The BlueNRG-1 integrates a serial peripheral interface compatible with Motorola standard.
Main features are:

e  Maximal supported baud rate is 1 MHz in slave mode and 8 MHz in master mode.

. Parallel-to-serial conversion on data written to an internal 32-bit wide, 16-location
deep transmitter FIFO.

e  Serial-to-parallel conversion on received data, buffering in a 32-bit wide 16-location
deep receive FIFO.

e  Programmable data frame size from 4-bit to 32-bit.
e  Programmable clock bit rate and prescaler.
e  Programmable clock phase and polarity in SPI mode.
e  Support for Direct Memory Access (DMA).
3.8.2 Functional overview

The SPI performs serial-to-parallel conversion on data received from a peripheral device on
the SPI_IN pin, and parallel-to-serial conversion on data written by CPU for transmission
on the SPI_OUT pin.

The transmit and receive paths are buffered with internal FIFO memories allowing up to 16
X 32-bit values to be stored independently in both transmit and receive modes. FIFOs may
be burst-loaded or emptied by the system processor or by the DMA, from one to eight
words per transfer. Each 32-bit word from the system fills one entry in FIFO. The SPI
includes a programmable bitrate clock divider and prescaler to generate the serial output
clock signal from the SPI_CLK pin.

3.8.2.1 SPI clock phase and clock polarity

The SPH control bit selects the clock edge that captures data and allows it to change state.
It has the most impact on the first bit transmitted by either allowing or not allowing a clock
transition before the first data capture edge. The SPO bit selects the clock polarity (low or
high) of the clock signal. SPH in conjunction with the SPO bit allow four possible timing
variations listed in the following table.

Table 46: SPI clock phase and clock polarity

SPH | SPO Color scheme

The clock signal is stopped to low inactive level between transfers. The first rising
edge occurs in the middle of the first data bit (with delay). The SPI transmits data one-
0b 0Ob | half cycle ahead of the rising edge of clock signal and receives data on the rising edge
of clock signal. In case of multi byte transmission, the CS line must be pulsed HIGH
between each data word transfer.

The clock signal is stopped to high inactive level between transfers. The first falling
edge occurs in the middle of the first data bit (with delay). The SPI transmits data one-
Ob 1b | half cycle ahead of the falling edge of clock signal and receives data on the falling
edge of clock signal. In case of multi byte transmission, the CS line must be pulsed
HIGH between each data word transfer.

The clock signal is stopped to low inactive level between transfers. The first rising
1b Ob | edge occurs at the start of the first data bit (no delay). The SPI transmits data on the
rising edge of clock signal and receives data on the failing edge of clock signal.

The clock signal is stopped to high inactive level between transfers. The first falling
1b 1b | edge occurs at the start of the first data bit (no delay). The SPI transmits data on the
falling edge of clock signal and receives data on the rising edge of clock signal.

3
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3.8.2.2

3.8.2.3

3.8.24

54/177

Procedure for enabling SPI
The SPI initialization procedure is the following (assuming clocks already enabled):

1. Clear the SSE bhit in the CR1 register. This step is not required after a hardware or
software Reset of the BlueNRG1.

2.  Empty the receive FIFO. This step is not required after a hardware or software Reset
of the device BlueNRGL1.

3.  Program IO_MODE to route SPI port signals on those GPIOs. See Section GPIO
operating modes.

4. Program the SPI clock prescaler register (CPSR), then program the configuration

registers CRO and CR1.

The transmit FIFO can optionally be filled before enabling the SPI.

Set the SSE bit to enable SPI operation.

o

The transmit FIFO and the receive FIFO are not cleared when the SSE bit is
cleared.

SPI bit rate generation

The SPI bitrate is derived by dividing down the peripheral clock (CLK) by an even prescaler
value CPSDVSR from 2 to 254, the clock is further divided by a value from 1 to 256, which
is 1+SCR. The SPI frequency clock duty cycle is always 0.5.

SPI data endianness

All transfers can be sent and received with configurable endianness according the setting
of the (T/R)ENDN bit in the CR1 registers

The cases "00b" and "11b" of TENDN and RENDN are implemented for data frame size
from 4- to 32-bit. The cases "01b" and "10b" of TENDN and RENDN are implemented only
for the following data frame sizes: 16-bit, 24-bit and 32-bit. Transmit data endianness:
TENDN in CR1:

Table 47: SPI_OUT endianness

TENDN Endianness
00b The element is transmitted MSByte-first and MSbit-first.
01b The element is transmitted LSByte-first and MSbit-first.
10b The element is transmitted MSByte-first and LSbit-first.
11b The element is transmitted LSByte-first and LShit-first.

Table 48: SPI_IN endianness

RENDN Endianness
00b The element is received MSByte-first and MSbit-first.
01b The element is received LSByte-first and MSbit-first.
10b The element is received MSByte-first and LSbit-first.
11b The element is received LSByte-first and LSbit-first.

3
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3.8.25 SPl interrupts

There are six individual maskable interrupt sources generated by the SPI (single interrupt
signal that drives the NVIC):

Receive interrupt

Transmit interrupt

Timeout interrupt

Receive overrun interrupt
Transmit underrun interrupt
Transmit empty interrupt

The user can enable or disable the individual interrupt sources by changing the mask bits
in the IMSC register. Setting the appropriate mask bit to 1b enables the interrupt. The
status of the individual interrupt sources can be read from the RIS register (raw interrupt
status) or from the MIS register (masked interrupt status).

3.8.2.6 Receive interrupt

The receive interrupt is asserted when the number of data in receive FIFO reaches the
programmed trigger watermark level. The receive interrupt is cleared by reading data from
the receive FIFO until there are less data than the programmed watermark level.

3.8.2.7 Transmit interrupt

The transmit interrupt is asserted when the number of data in the transmit FIFO is less than
or equal to the programmed watermark level. It is cleared by performing writes to the
transmit FIFO until it holds more elements than the programmed watermark level. The
transmitter interrupt is not qualified with the SPI enable bit, which allows operation in one of
two ways:

e Data can be written to the transmit FIFO prior to enabling the SPI and the interrupts.
e  Orthe SPI and the interrupts can be enabled so that data can be written to the
transmit FIFO by an interrupt service routine.

3.8.2.8 Timeout interrupt

The receive timeout interrupt is asserted when the receive FIFO is not empty, and no
further data is received over a 32-bit period of the serial clock. This mechanism ensures
that the user is aware that data is still present in the receive FIFO and requires servicing.

The receive timeout interrupt is cleared either when the FIFO becomes empty through
reading all the data, or if new data is received, or when a 1b is written to the corresponding
bit of the ICR register.

3.8.2.9 Receive overrun interrupt

The receive overrun interrupt is asserted when the receive FIFO is already full and an
additional data frame is received, causing an overrun of the FIFO. Data is overwritten in the
receive shift register, but not in the FIFO. The interrupt is cleared when a 1b is written to
the corresponding bit of the ICR register. This interrupt can never occur if hardware flow
control is enabled in the CR1 register.

3.8.2.10 Transmit underrun interrupt

The transmit underrun interrupt is asserted when the transmit FIFO is already empty and
an additional frame is transmitted, causing an underrun of the FIFO. Data is over-read in
the transmit shift register. This interrupt is cleared when a 1b is written to the corresponding
bit of the ICR register.
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3.8.2.11

3.8.2.12

56/177

Transmit empty interrupt

The transmit interrupt is asserted when the transmit FIFO is empty. It is cleared by
performing writes to the transmit FIFO.

SPI Master communication mode

The SPIM register field selects the SPI transmission mode, these modes are applicable
only for SPI master mode:

Full duplex mode (SPIM = 00b): the master transmits the data available in the TXFIFO
and receives the data from the slave.

Transmit mode (SPIM = 01b): when the data is available in TX FIFO, the SPI_OUT
line is run, and no data is written in RX FIFO

Receive mode (SPIM = 10b): the sequence of receive mode is:When the receive
mode is selected we have two cases:

a.

b.

a.

The software sets the mode to receive (SPIM = 10) and writes the dummy
character value to the CHN register.

The software writes the value “number of frames to receive from the slave” in the
RXFRM register.

If the TXFIFO is empty, the master receives data from the slave, transmitting the
character from the CHN register in each frame received. The RXFRM register is
decremented by one at each transmission/reception. The interface runs until the
RXFRM value is dummy AND the written number of frames in RXFRM is
received.

If the TXFIFO is not empty, the master first transmits the data available in the
TXFIFO and receives the data from the slave (like the full duplex mode). The
RXFRM register is not decremented. When all the data available in TXFIFO are
transmitted, the TXFIFO becomes empty (case a), then the dummy character
from the CHN register are transmitted for each frame received. The RXFRM
register is decremented for each transaction. When the value in this register is
zero and the written number of frames in RXFRM is received, the interface does
not run anymore. The user has to write the RXFRM (with value greater than zero)
by software to reactivate the interface.

In all cases, the RXFRM is decremented by one only if the TXFIFO is empty. The
RFRM is decremented before the data is sent.

If the software fills the TXFIFO while the SPI is transmitting the dummy character,
then the words of TXFIFO should be ignored and we should not send them in this
mode, only the dummy -character are transmitted.

Combined mode (SPIM = 11b): the sequence of combined mode is:

a.
b.

The software sets the mode to combined mode: (SPIM=11).
The software writes to the WDTXF register the "number of frames to be received
by the slave (a value greater than zero) from TXFIFO master".

If the number of words written in the WDTXF register are sent (WDTXF is equal to zero)
but the RXFRM register is not equal to zero, the master transmits the dummy character
(defined in CHM register) and receives the slave data, decrementing the RXFRM register
by one. Once the RXFRM register is equal to zero and all the data written in RXFRM are
sent, the interface is stopped.
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When the RXFRM register is zero and WDTXF is not equal to zero and the TXFIFO of the
master and of slave are not empty, the master transmits the data from TXFIFO and
receives the data from the slave. Before the data is sent from TXFIFO, the WDTXF is
decremented by one. When the WDTXF register is zero and all the numbers written in this
register are sent, the interface is stopped.

The interface is stopped when:

e WDTXF and RXFRM registers are equal to zero.

o  WDTXF register is not equal to zero and TXFIFO is empty.

e RXFRM register is not equal to zero, the WDTXF register is zero and TXFIFO is not
empty.

For each data transmission (TXFIFO data or CHN register data), the data slave is received.

WDTXF is decremented by one only at each data transmission from TXFIFO. The
decrementing is done before the words are sent out.

RXFRM is decremented by one only at each dummy character transmission from the CHN
register. The decrementing is done before the words are sent out.

When we start decrementing one of the registers (RXFRM or WDTXF), we must decrement
until we reach zero and we send the last words before starting the decrement of other
registers (RXFRM or WDTXF).

Switching between these different modes when SPI is enabled is possible. If the
transmission mode is deselected for another mode during a frame transmission, the new
mode will become active at the start of the next word.
3.8.3 SPIl registers
SPI peripheral base address (SPI_BASE_ADDR) 0x40400000.
Table 49: SPI registers

Address L

- Name RW | Reset Description

0x00 CRO RW | 0x1C000000 Control Register 0. Refer to the detailed description
below.

0x04 CR1 RW | 0x00000000 Control Register 1. Refer to the detailed description
below.

0x08 DR RW | 0x00000000 Data Register. Refer to the detailed description
below.

0x0C SR R 0x00000003 Status Register. Refer to the detailed description
below.

0x10 CPSR RW | 0x00000000 Clock_ pr.escale register. Refer to the detailed
description below.

Ox14 IMSC RW | 0x00000000 Inter_rupt mask_ set or clear register. Refer to the
detailed description below.

0x18 RIS R 0x00000000 Raw interrupt status register. Refer to the detailed
description below.

OX1C MIS R 0x00000000 Masl_<ed Interrupt Status Register. Refer to the
detailed description below.

0x20 ICR Y 0x00000000 InterrL_JpF clear register. Refer to the detailed
description below.

0x24 DMACR | RW | 0x00000000 SPI DMA control register. Refer to the detailed
description below.
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Address .

offset Name RW | Reset Description

0x28 RXFRM | RW | 0x00000000 SPI Receive F_rame register. Indicates the number of
frames to receive from the slave.

0x2C CHN RW | 0x00000000 | Dummy character register
SPI transmit FIFO receive frame number. Indicates

0x30 WDTXF | RW | 0x00000000 | the number of frames to receive from the transmit
FIFO.

0x80 ITCR RW | 0x00000000 Integr_atl_on test control register. Refer to the detailed
description below.

0x8C TDR RW 0x00000000 | Test data register

Table 50: SPI - CRO register description: address offset SPI_BASE_ADDR+0x00

Bit Field name | Reset | RW | Description

Data size select. (DSS+1) defines the number of bits:
0x00: Reserved.
0x01: Reserved.
0x02: Reserved.
0x03: 4-bit data.
0x04: 5-bit data.

4:0 DSS 0x0 RW

Ox1F: 32-bit data.

5 RESERVED | 0x0 R RESERVED

Clock polarity.
6 SPO 0x0 RW | 0: Steady state of clock polarity is low.
1: Steady state of clock polarity is high.

Clock phase.
7 SPH 0x0 RW | 0: Steady state of clock phase is low.
1: Steady state of clock phase is high.

Serial clock rate.

The SRC value is used to generate the transmit and receive
15:8 | SCR 0x0 RW | bit rate of the SPI. The bit rate is: f_ SPICLK / (CPSDVR * (1 +
SCR)), where CPSDVR is an even value from 2 to 254 and
SCRis a value from 0 to 255.

29:22 | RESERVED | 0x0 R RESERVED

SPI Master transmission mode.
00b: Full duplex mode.

24:23 | SPIM 0x0 RW | 01b: Transmit mode.

10b: Receive mode.

11b: Combined mode.

25 RESERVED | 0x0 R RESERVED

Chip Selection for slave one
26 Cs1 Ox1 RW | 0O: the slave 1 is selected.
1: the slave 1 is not selected.

3
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Bit Field name | Reset | RW | Description

31:27 | RESERVED | 0x3 R RESERVED

Table 51: SPI - CR1 register description: address offset SPI_BASE_ADDR+0x04

Bit Field name | Reset | RW | Description

0 RESERVED | 0x0 R RESERVED
SPI enable.

1 SSE 0x0 RW | 0: SPI disable.

1: SPI enable.
Master or slave mode select.
2 MS 0x0 RW | 0: Master mode.
1: Slave mode.
Slave mode output disable (slave mode only).
0: SPI can drive the MISO signal in slave mode.
1: SPI must not drive the MISO signal in slave mode.

3 SOD 0x0 RW 1 in multiple slave system, it is possible for a SPI master to
broadcast a message to all slaves in the system while
ensuring only one slave drives data onto the serial output line
MISO.

Receive endian format.
00b: The element is received MSByte-first and MSbit-first.
01b: The element is received LSByte-first and MShit-first.

5:4 RENDN 0x0 Rw | 10b: The element is received MSByte-first and LSbit-first.
11b: The element is received LSByte-first and LSbit-first.
The cases 00b and 11b are set for data frame size from 4 to
32 bits. The cases 01b and 10b are set only for data frame
size 16, 24 and 32 bits.

6 RESERVED | 0x0 R RESERVED
Receive interrupt FIFO level select. This bit field selects the
trigger points to receive FIFO interrupt:
000b: RX FIFO contains 1 element or more.

97 RXIFLSEL 0x0 RW 001b: RX FIFO contains 4 elements or more.
010b: RX FIFO contains 8 elements or more.

Others: Reserved.

Transmit interrupt FIFO level select. This bit field selects the
trigger points to transmit FIFO interrupt:

000b: TX FIFO contains 1 element or more.

12:10 | TXIFLSEL 0x0 RW 001b: TX FIFO contains 4 elements or more.
010b: TX FIFO contains 8 elements or more.
Others: Reserved.

13 RESERVED | 0x0 R RESERVED

1714 | MSPIWAIT 0x0 RW Motorola SPI Wait mode. This value is used to insert a wait
state between frames.

3
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Bit Field name | Reset | RW | Description

Transmit endian format.

00b: The element is transmitted MSByte-first and MSbit-first.
01b: The element is transmitted LSByte-first and MSbit-first.
19:18 | TENDN 0x0 Rw | 10b: The element is transmitted MSByte-first and LShit-first.
11b: The element is transmitted LSByte-first and LSbit-first.

The cases 00b and 11b are set for data frame size from 4 to
32 bits. The cases 01b and 10b are set only for data frame
size 16, 24 and 32 bits.

20 RESERVED | 0x0 R RESERVED

Data input delay.
21 DATAINDEL | 0x0 RW | 0: No delay is inserted in data input.
1: A delay of 2 clock cycles is inserted in the data input path.

31:22 | RESERVED | 0x0 R RESERVED

Table 52: SPI - DR register description: address offset SPI_BASE_ADDR+0x08

. Field .
Bit name Reset | RW | Description

Transmit/Receive data:
Read: RX FIFO is read.
31:0 | DATA 0x0 RW Write: TX FIFO is written.

Data must be right-justified when a data size of less than 32-bit is
programmed. Unused bits are ignored by the transmit logic. The
receive logic automatically right-justifies data.

Table 53: SPI - SR register description: address offset SPI_BASE_ADDR+0x0C

Bit Field name | Reset | RW | Description

Transmit FIFO empty:
0 TFE 0x1 R 0: TX FIFO is not empty.
1: TX FIFO is empty.

Transmit FIFO not full:
1 TNF 0x1 R 0: TX FIFO is full.
1: TX FIFO is not full.

Receive FIFO not empty:
2 RNE 0x0 R 0: RX FIFO is empty.
1: RX FIFO is not empty.

Receive FIFO full:
3 RFF 0x0 R 0: RX FIFO is not full.
1: RX FIFO is full.

SPI busy flag:
0: SPlis idle.

1: SPI is currently transmitting and/or receiving a frame or the
TX FIFO is not empty.

4 BSY 0x0 R

31:5 | RESERVED | 0x0 R RESERVED
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Table 54: SPI - CPSR register description: address offset SPI_BASE_ADDR+0x10
Bit Field name | Reset | RW | Description
Clock prescaler divisor. It must be an even number from 2 to
254. The value is used to generate the transmit and receive bit
rate of the SPI. The bit rate is:
7:0 | CPSDVSR 0x0 RW FSSPCLK / [CPSDVR x (1+SCR)]
where SCR is a value from 0 to 255, programmed through the
SSP_CRO register.
31:8 | RESERVED | 0x0 R RESERVED
Table 55: SPI - IMSC register description. Address offset SPI_BASE_ADDR+0x14.
Bit Field name | Reset | RW | Description
Receive overrun interrupt mask:
0: RX FIFO written to while full condition interrupt is masked (irq
0 RORIM 0x0 RW | disabled).
1: RX FIFO written to while full condition interrupt is not masked
(irg enabled).
Receive timeout interrupt mask:
0: RX FIFO not empty or no read prior to the timeout period
1 RTIM 0x0 RW | interrupt is masked (irq disabled).
1: RX FIFO not empty or no read prior to the timeout period
interrupt is not masked (irq enabled).
Receive FIFO interrupt mask:
2 RXIM 0x0 RW | 0: Receive interrupt is masked (irq disabled).
1: Receive interrupt is not masked (irq enabled).
Transmit FIFO interrupt mask:
3 TXIM 0x0 RW | 0: Transmit interrupt is masked (irq disabled).
1: Transmit interrupt is not masked (irq enabled).
Transmit underrun interrupt mask:
4 TURIM 0x0 RW | 0: Transmit underrun interrupt is masked (irq disabled).
1: Transmit underrun interrupt is not masked (irq enabled).
Transmit FIFO empty interrupt mask:
5 TEIM 0x0 RW | 0: TX FIFO empty interrupt is masked (irq disabled).
1: TX FIFO empty interrupt is not masked (irq enabled).
31:6 | RESERVED | 0x0 R RESERVED
Table 56: SPI - RIS register description: address offset SPI_BASE_ADDR+0x18
Bit Field name Reset RW Description
0 RORRIS 0x0 R Receive overrun raw interrupt status
1 RTRIS 0x0 R Receive time out raw interrupt status
2 RXRIS 0x0 R Receive raw interrupt status
3 TXRIS 0x0 R Transmit raw interrupt status
4 TURRIS 0x0 R Transmit underrun raw interrupt Status
5 TERIS 0x0 R Transmit FIFO Empty Raw Interrupt Status

3
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Bit Field name Reset RW Description
31:6 RESERVED 0x0 R RESERVED
Table 57: SPI - MIS register description: address offset SPI_BASE_ADDR+0x1C
Bit Field name | Reset | RW | Description
0 RORMIS 0x0 R Receive Overrun.Masked Interrgpt Status: gives the interrupt
status after masking of the receive overrun interrupt.
1 RTMIS 0x0 R Receive Time Ou_t Masked I_nterrupt Sta_tus: gives the interrupt
status after masking of receive timeout interrupt.
> RXMIS 0x0 R Recel_ve Masked Int_errqpt Status: gives the interrupt status after
masking of the receive interrupt.
Transmit Masked Interrupt Status: gives the interrupt status
3 TXMIS 0x0 R after masking of the transmit interrupt.
Transmit Underrun Masked Interrupt Status: gives the interrupt
4 TURMIS 0x0 R status after masking of the transmit underrun interrupt.
Transmit FIFO Empty Masked Interrupt Status: gives the
5 TEMIS 0x0 R interrupt status after masking of the transmit FIFO empty
interrupt.
31:6 | RESERVED | O0x0 R RESERVED
Table 58: SPI - ICR register description: address offset SPI_BASE_ADDR+0x20
Bit Field name | Reset | RW | Description
0 RORIC 0x0 W Recelve_Overrun Clear Interrupt: writing 1 clears the receive
overrun interrupt.
1 RTIC 0x0 W Recelve_ Time Out Clear Interrupt: writing 1 clears the receive
timeout interrupt.
2 TURIC 0x0 W Transm@ Underrun Clear Interrupt: writing 1 clears the transmit
overrun interrupt.
31:3 | RESERVED | 0x0 R RESERVED
Table 59: SPI - DMACR register description: address offset SPI_BASE_ADDR+0x24
Bit Field name | Reset | RW | Description
Single receive DMA request.
0 RXDMASE 0x0 RW | O: Single transfer DMA in receive disable.
1: Single transfer DMA in receive enable.
1 RESERVED | 0x0 R RESERVED
Single transmit DMA request.
2 TXDMASE 0x0 RW | 0: Single transfer DMA in transmit disable.
1: Single transfer DMA in transmit enable.
31:3 | RESERVED | 0x0 R RESERVED
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Table 60: SPI - RXFRM register description: address offset SPI_BASE_ADDR+0x28
Bit el Reset RW | Description
name
310 | RXERM 0x00000000 | RW SPI Receive F_rame register. Indicates the number of
frames to receive from the slave.
Table 61: SPI — CHN register description: address offset SPI_BASE_ADDR+0x2C
Bit izl Reset RW | Description
name
31:0 | CHN 0x00000000 | RW | Dummy character register.
Table 62: SPI — WDTXF register description: address offset SPI_BASE_ADDR + 0x30
. Field .
Bit name Reset RW | Description
. SPI transmit FIFO receive frame number. Indicates the
31:0 | RXFRM 0x00000000 | RW number of frames to receive from the TX FIFO.
Table 63: SPI - ITCR register description: address offset SPI_BASE_ADDR+0x80
Bit Field name | Reset RW | Description
0 RESERVED | 0x0 R RESERVED
FIFO control mode:
0: FIFO normal mode. Write in TDR register puts data in
TX FIFO and read from TDR register read data from RX
FIFO.
1 SWAPFIFO | 0x0 RW | 1: FIFO swapped mode. Write in TDR register puts data in
RX FIFO and read from TDR register read data from TX
FIFO.
The registers SWAPFIFO and TDR allow to clear the TX
FIFO from unwanted data
31:2 | RESERVED | 0x0 R RESERVED
Table 64: SPI — TDR register description: address offset SPI_BASE_ADDR+0x8C
Bit el Reset RW | Description
name
Allows reading out data from TX FIFO if the SWAPFIFO
bitfield is set.
31:0 | TDR 0x00000000 | RW .
The registers SWAPFIFO and TDR allow to clear the TX
FIFO from unwanted data
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UART

Introduction

The BlueNRG-1 integrates a universal asynchronous receiver/transmitter that support
much of the functionality of the industry-standard 16C650 UART.

Main features are:

Programmable baud rates up to 2 Mbps.

Programmable data frame of 5, 6, 7 or 8 bits of data.

Even, odd, stick or no-parity bit generation and detection.

Programmable 1 or 2 stop bit.

Support of hardware flow control using CTS and RTS pins.

Support of software flow control using programmable Xon/Xoff characters
False start bit detection.

Line break generation and detection.

Programmable 8-bit wide, 64-deep transmit FIFO and 12-bit wide (8-bit data and 4-bit
status) , 64-deep receive FIFO.

e  Support for Direct Memory Access (DMA).

Functional description

The UART performs serial-to-parallel conversion on data asynchronously received from a
peripheral device on the UART_RX pin, and parallel-to-serial conversion on data written by
CPU for transmission on the UART_TX pin. The transmit and receive paths are buffered
with internal FIFO memories allowing up to 64 data byte for transmission, and 64 data byte
with 4-bit status (break, frame, parity, and overrun) for receive. FIFOs may be burst-loaded
or emptied by the system processor from 1 to 16 words per transfer.

Data transmission or reception

Data received or transmitted is stored in two 64-byte FIFOs. The receive FIFO has an extra
four bits per character for the status information:

e  Error bits 8 to 10 are associated with a particular character: break error, parity error
and framing error.

e  Overrun indicator bit 11 is set when the FIFQO is full, and the next character is
completely received in the shift register. The data in the shift register is overwritten,
but it is not written into the FIFO. When an empty location is available in the receive
FIFO, and another character is received, the state of the overrun bit is copied into the
received FIFO along with the received character. The overrun state is then cleared.

Table 65: RX FIFO errors

FIFO bit Function
11 Overrun indicator
10 Break error
9 Parity error
8 Framing error
70 Received data

For transmission, data is written into the transmit FIFO. If the UART is enabled, it causes a
data frame to start transmitting with the parameters indicated in LCRH_TX. Data continues
to be transmitted until there is no data left in the transmit FIFO. The BUSY flag in the
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UARTFR register is set as soon as data is written to the transmit FIFO (that is, the FIFO is
non-empty) and remains asserted while data is being transmitted. BUSY is cleared only
when the transmit FIFO is empty, and the last character has been transmitted from the shift
register, including the stop bits. BUSY can be set even though the UART might no longer
be enabled. For each sample of data, three readings are taken and the majority value is
kept. In the following paragraphs, the middle sampling point is defined, and one sample is
taken either side of it. When the receiver detect a start bit, the receive counter runs and
data is sampled on the 8th cycle of that counter in normal UART mode. The start bit is valid
if UART_RX signal is still low on the eighth cycle of Baud16, otherwise a false start bit is
detected and it is ignored. If the start bit is valid, successive data bits are sampled on every
16th cycle of Baud16 (that is 1-bit period later) according to the programmed length of the
data characters. The parity bit is then checked if parity mode was enabled. Lastly, a valid
stop bit is confirmed if UART_RX signal is high, otherwise a framing error has occurred.
When a full word is received, the data is stored in the receive FIFO, with any error bits
associated with that. The UART character frame is shown in Figure 10: "UART character
frame" below.

Figure 10: UART character frame

AVASSS (IO WAR |
t t

start 5to8 parity bit | {1 or 2
bit data bits if enabled| | stop bits

The FIFOs can be disabled. In this case, the transmit and receive sides of the UART have
1-byte holding registers (the bottom entry of the FIFOs). The overrun bit is set when a word
has been received, and the previous one was not yet read. In this implementation, the
FIFOs are not physically disabled, but the flags are manipulated to give the illusion of a
1-byte register.

3.9.2.2 Baud rate divisor

The baud rate divisor is a 22-bit number consisting of a 16-bit integer (BRDI) and a 6-bit
fractional part (BRDF). The fractional baud rate divider enables the use of any clock to act
as UART_CLK, while it is still possible to generate all the standard baud rates.

The 16-bit integer is loaded through the UART _IBRD register and the 6-bit fractional part is
loaded into the UART_FBRD register. The baud rate divisor has the following relationship:

When bit OVSFACT = 0b: divisor = UARTCLK/(16 x baud rate) = BRDI + BRDF.
When bit OVSFACT = 1b: divisor = UARTCLK/(8 x baud rate) = BRDI + BRDF.

Calculation of the fractional 6-bit number (DIVFRAC) is done by taking the fractional part of
the required baud rate divisor and multiplying it by 64 (that is, 2n, where n is the width of
the UART_FBRD register) and adding 0.5 to account for rounding errors:

DIVFRAC = integer(BRDF * 64 + 0.5)

3
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The maximum deviation error using a 6-bit UART_FBRD register is 1/64 * 100 = 1.56%.
This occurs when DIVFRAC = 1, and the error is cumulative over 64 clock ticks.
Example 1: Calculating the divisor value (with OVSFACT = 0b).

If the required baud rate is 460 800 and the UART clock frequency is 16 MHz then:
Baud rate divisor = (16 x 106) / (16 x 460 800) = 2.170

BRDI =2 and BRDF = 0.170

Therefore fractional part DIVFRAC = integer(BRDF * 64 + 0.5) = 11

Generated baud rate divider =2 + (11 /64) = 2.1718

Generated baud rate = (16 x 106) / (16 x 2.172) = 460 447

Error = (460 800 - 460 405) / 460 800 x 100 = 0.077 %

An internal clock enable signal, Baudl6, is generated, and is a stream of one UARTCLK
wide pulses with an average frequency of 16 (OVSFACT = 0b) or 8 (OVSFACT = 1b) times
the desired baud rate. This signal is then divided by 16 or 8 to give the transmit clock. A
low number in the baud rate divisor gives a short bit period, and a high number in the baud
rate divisor gives a long bit period.

Table 66: "Typical baud rates with OVSFACT = 0" shows some typical bit rates and their
corresponding divisors when OVSFACT = Ob, given the UART clock frequency of 16 MHz.

Table 66: Typical baud rates with OVSFACT =0

Required bit rate Programmed divisor. Generated bit rate Error
(bps) Integer Fraction (bps) (%)
(DIVINT) (DIVFRAC)
921 600 1 (16’h0001) 5 (6’h05) 927 557 0.646
460 800 2 (16’h0002) 11 (6’h0B) 460 447 -0.077
230 400 4 (16’h0004) 22 (6'h16) 230 218 -0.079
115 200 8 (16’h0008) 44 (6'h2C) 115 107 -0.081
57 600 17 (16’h0011) 23 (6'h17) 57 606 0.010
38 400 26 (16’h001A) 3 (6’h03) 38 392 -0.021
28 800 34 (16’h0022) 46 (6’'h2E) 28 802 0.007
19 200 52 (16’'h0034) 5 (6’h05) 19 201 0.005
9 600 104 (16’h0068) 11 (6'h0B) 9599 -0.010
2 400 416 (16'h01A0) 43 (6’'h2B) 2399 -0.042
1200 833 (16’h04B0) 21 (6'h15) 1200 0
300 (16?’35’305) 21 (6’h15) 300 0
110 p 69332?82) 58 (6'h3A) 110 0

3
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Table 67: Typical baud rates with OVSFACT =1

Required bit rate FIOEITITES divisor- Generated bit rate Error
ope) VN (OVFRAC) (ope) oo
1843 200 1 (16’h0001) 5 (6’h05) 1855115 0.646
921 600 2 (16’h0002) 11 (6’h0B) 920 895 -0.076
460 800 4 (16’h0004) 22 (6’h16) 461 436 -0.079
230 400 8 (16°’h0008) 44 (6'h2C) 230 215 -0.080
115 200 7 (16'h0011) 23 (6’'h17) 115 212 0.010
57 600 34 (16'h0022) 46 (6'h2E) 57 605 0.009
38 400 2 (16’h0034) 5 (6’h05) 38 403 0.008
28800 9 (16’h0045) 28 (6’h1C) 28 802 0.007
19 200 104 (16’h0068) 11 (6’h0B) 19 199 - 0.005
9 600 208 (16’h00DO0) 21 (6’h15) 9 600 0
2 400 833 (16'h0341) 21 (6’h15) 2 400 0
1200 1666 (16’h0682) 43 (6’h2B) 1199 -0.083
300 (16‘6h616A?0A) 43 (6'h2B) 299 -0.333
110 (1;?1}1%5) 52 (6'h34) 110 0

3.9.2.3 Hardware flow control
The hardware flow controls feature is fully selectable through RTSEN and CTSEN in
UARTCR register, and allows to control the serial data flow by using the UART_RTS output
and UART_CTS input signals.
Figure 11: Hardware flow control between two similar devices
UART A UART B
Rx FIFO nUARTRTS nUARTRTS Rx FIFO
and and
flow control flow control
Tx FIFO Tx FIFO
> nUARTCTS nUARTQT
and and
flow control flow control
[S71
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When the RTS flow control is enabled, the UART_RTS signal is asserted until the receive
FIFO is filled up to the programmed watermark level. When the CTS flow control is
enabled, the transmitter can only transmit data when the UART_CTS signal is asserted.

Table 68: Control bits to enable and disable hardware flow control

CTSEN RTSEN Function
Ob Ob Both RTS and CTS flow control disabled.
Ob 1b Only RTS flow control enabled.
1b Ob Only CTS flow control enabled.
1b 1b Both RTS and CTS flow control enabled.

The RTS flow control logic is linked to the programmable receive FIFO watermark levels.
When RTS flow control is enabled, the UART_RTS is asserted until the receive FIFO is
filled up to the watermark level. When the receive FIFO watermark level is reached, the
UART_RTS signal is de-asserted, indicating that there is no more room to receive any
more data. The transmission of data is expected to cease after the current character has
been transmitted. The UART_RTS signal is reasserted when data has been read out of the
receive FIFO so that it is filled to less than the watermark level. If RTS flow control is
disabled and the UART is still enabled, then data is received until the receive FIFO is full,
or no more data is transmitted to it.

If CTS flow control is enabled, then the transmitter checks the UART_CTS signal before
transmitting the next byte. If the UART_CTS si