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Application note

BlueNRG-1 and BlueNRG-2 low power modes

Introduction

The BlueNRG-1 and BlueNRG-2 are very low power Bluetooth low energy (BLE) single-mode systems-on-chip, compliant with
Bluetooth® specification. The architecture core is a Cortex-M0 32-bit.

This application note explains the low power modes for the BlueNRG-1 and BlueNRG-2 devices.

Note:

The contents of this document are valid for both BlueNRG-1 and BlueNRG-2 devices. Therefore, any reference to the
BlueNRG-1 device is also valid for the BlueNRG-2 device. Specific differences have been highlighted whenever needed.
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1 BlueNRG-1 and BlueNRG-2 HW low power modes

Three low power modes are provided by the BlueNRG-1 and BlueNRG-2 hardware to achieve the best
compromise between low power consumption, short startup time and available wakeup sources:
. CPU-Halt mode

- In this mode only the CPU is stopped. All the device peripherals continue to operate and they can wake

the CPU up when an interrupt/event occurs. This is the lowest power save mode.
. Sleep mode

- In this mode the CPU is stopped and all the peripherals are disabled. Only the low speed oscillator
block and the external wakeup source block are running.

- The wakeup source are the wakeup timer or the 109, 1010, 1011, I012 and /1013.

—  When the wakeup is triggered by previous listed sources, the system reverts to the run mode with all
the peripherals on. Exiting from the sleep mode, the application needs to wait until the high speed
oscillator is stable.

. Standby mode

- In this mode the CPU is stopped and all the peripherals are disabled. The only wakeup source are /109,

1010, 1011, 1012 and 1013.

—  Exiting from the standby mode, the application needs to wait until the high speed and low speed
oscillators are stable. This mode is the highest power save mode.

Refer to BlueNRG-1 and BlueNRG-2 datasheets for current consumption related to all the low power modes.
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2 BlueNRG-1 and BlueNRG-2 low power mode support

The BlueNRG-1_2 DK software package provides software to support all the BlueNRG-1 and BlueNRG-2
hardware low power modes.

The low power software combines the low power requests coming from the application with the radio operating
mode, choosing the best low power mode applicable in the current scenario.

This negotiation between the radio module and the application requests prevents data loss and is performed by
the low power software.

When the BlueNRG-1 and BlueNRG-2 exit from any low power mode a reset occurs: all the peripheral
configuration and the application context are lost.

The low power software implements a mechanism to save and restore all the peripheral configuration and the
application context when a power save procedure is called. So, from the application point of view, the exit from a
low power procedure is fully transparent: when a wakeup from low power occurs, the CPU executes the next
instruction after the low power function call.

The low power software implements the following power save modes:
. SLEEPMODE_RUNNING

- In this low power mode, everything is active and running. In practice this mode is not used, but it is
defined for completeness of information: it is not a real power save mode.

. SLEEPMODE_CPU_HALT

—  This power save mode implements the HW CPU-Halt low power mode.
. SLEEPMODE_WAKETIMER

—  This power save mode implements the HW Sleep low power mode.
. SLEEPMODE_NOTIMER

—  This power save mode implements the HW Standby low power mode.

Figure 1. BlueNRG-1 and BlueNRG-2 power save modes

Sleep Mode Highest power consumption
RUNNING
CPU_HALT
WAKETIMER
NOTIMER y Lowest power consumption

To enable any low power mode the application calls the function “BlueNRG_Sleep()”.

uint8 t BlueNRG Sleep (SleepModes sleepMode,
uint8 t gpioWakeBitMask,
uint8 t gpioWakeLevelMask) ;

Where:
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. sleepMode is the low power mode to enable:
—  SLEEPMODE_RUNNING
—  SLEEPMODE_CPU_HALT
—  SLEEPMODE_WAKETIMER
—  SLEEPMODE_NOTIMER
. gpioWakeBitMask is a bit mask of the I0s that can wake the chip from low power mode:
-  WAKEUP_IO9
-  WAKEUP_IO10
- WAKEUP_IOM
-  WAKEUP_IO12
-  WAKEUP_IO13
If this field is zero the gpioWakelLevelMask parameter is ignored.

. gpioWakeLevelMask is a bit mask used to set up the active wakeup level for each wakeup source:
—  WAKEUP_IOx_LOW, the system wakes up when 10 is low
—  WAKEUP_IOx_HIGH, the system wakes up when IO is high (to be not used for 109,1010, 1011)

Note: 109, 1010 and 1011 are sensitive only to low level as they have an internal pull-up (activated by default). On the
BlueNRG-2, user can disable the 10 internal pull-up, nevertheless at each sleep sequence (enter sleep and
wakeup from sleep), the internal GPIO pull-up is temporarily activated beyond the selected configuration,
leading to a temporary spike. As a consequence on both BlueNRG-1 and BlueNRG-2 devices, it is strongly
recommended to use these |0s as wake-up sources set at low level (system wakes up when 10O is low).

The function returns the status:
. BLUENRG_SLEEP_CONFIGURATION_ERROR

. SUCCESS

The low power software exports other functions useful for the application:
. BlueNRG_WakeupSource

—  This function returns the last wakeup source from the low power mode.
. App_SleepMode_Check()

—  This function allows the application to set its desired sleep mode based on the application power
management policy. When the user calls BLueNRG Sleep (), a negotiation occurs to define the sleep
mode and to get specific inputs from the application App SleepMode Check () allows overriding the
sleep mode parameter passed by BLueNRG_Sleep ().

This function is executed with interrupt masks (using PRIMASK): no interrupt handler can execute and
change the application state and, potentially, its desired sleep mode. Therefore, when this function is
called, the application software state is frozen.

This function could be used in the example below:

/* Step 1. Application computes its desired sleep mode */
sleepMode = computeSleepMode () ;
/* Step 2. Application calls BlueNRG Sleep with its desired sleep mode */
BlueNRG_Sleep (sleepMode, ...);

If an interrupt occurs between step 1 and step 2, it changes the software state and
computeSleepMode returns a different value, there is no way for the application to change its power
management policy.

If the application repeats the check done in step 1 inside the App SleepMode Check (), any change
between step 1 and step 2 is taken into account.

The key difference is that the second check is performed inside BLueNRG_Sleep () with interrupt
masks and no change in the application software state occurs before entering the computed sleep
mode.

Any interrupt occurring after the interrupt mask instruction inside the B1ueNRG_Sleep () and the call
to WFI instruction will cause WFI behaving as NOP and the system will skip low power mode
activation, thus serving the interrupt once re-enabled.
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If the application wants to use the sleep mode (SLEEPMODE_WAKETIMER or SLEEPMODE_NOTIMER) and
starts the sleep procedure with a wakeup source already active, the system does not switch the power
management off and remains blocked in the WFI instruction until an interrupt occurs. In this context, if other
wakeup sources, set in the BlueNRG_Sleep () API, occur, they will be ignored. The only way to restart the code
execution is through an interrupt occurring from any peripheral.

In addition to user specific needs, it is mandatory to enable, at NVIC level and GPIO level, the interrupt
associated with the GPIO wakeup sources as follows:

. If wakeup source level is LOW, the associated IRQ level must be on falling edge
(IRQ_ON_FALLING_EDGE)

. If wakeup source level is HIGH, the associated IRQ level must be on rising edge (IRQ_ON_RISING_EDGE)

The GPIO handler should also handle the interrupt associated with the edges, by clearing the interrupt cause.

If the application needs also GPIO interrupt on the other edge, it could enable both edges and discard the edge
not needed in the GPIO handler.

Example: let us assume the wake-up source is 1013 with low level and no specific interrupt is enabled and
associated to this 10 at application level.

User must enable, at NVIC level, the interrupt on 1013 with IRQ level on falling edge. A typical source code is as
follows:

while (1) {

BTLE StackTick() ;

wakeup source = WAKEUP I013;

wakeup_level = (WAKEUP_IO_LOW << WAKEUP_IO13);

<enable IO013 interrupt with IRQ level on falling edge since wakeup
level is LOW(IRQ ON FALLING EDGE)>

BlueNRG_Sleep (SLEEPMODE NOTIMER, wakeup source,wakeup level);
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3 BlueNRG-1 and BlueNRG-2 low power mode examples

Some low power modes application use cases are provided in the following sections.
31 Low power SLEEPMODE_RUNNING

In this low power mode, everything is active and running: it is not a real low power mode. A typical source code is:

while (1) /*main loop*/

{

/* BLE Stack Tick */

BTLE StackTick();

/* Application Tick */

APP Tick();

/* Power Save management */
BlueNRGfSleep(SLEEPMODEiRUNNING, 0, 0);
}

This low power mode does not need wakeup sources.
3.2 Low power SLEEPMODE_CPU_HALT

In this mode only the CPU is stopped. All peripherals continue to operate and can wake up the CPU when an
interrupt occurs. A typical source code is:

while (1) /*main loop*/

{

/* BLE Stack Tick */

BTLE StackTick();

/* Application Tick */

APP Tick();

/* Power Save management */
BlueNRG_Sleep (SLEEPMODE CPU HALT, 0, 0);
}

In this low power mode the only wakeup sources are the peripheral interrupts.

If the radio operating mode does not allow this low power request, as it is executing a non-stoppable operation,
the low power mode is converted automatically inside the low power software in SLEEPMODE_RUNNING.

3.3 Low power SLEEPMODE_WAKETIMER

In this mode the CPU is stopped and all the peripherals are disabled. Only the low speed oscillator block and the
external wakeup source block are running.

A typical source code is:

/* Starts the VTimer 0 with timeout 2 sec. */
HAL VTimerStart ms (0, 2000);
while (1) /*main loop*/
{
/* BLE Stack Tick */
BTLE StackTick();
/* Bpplication Tick */
APP Tick();
/* Power Save management */
BlueNRGfSleep(SLEEPMODE7WAKETIMER,
WAKEUP71013,
WAKEUP IOx LOW<< WAKEUP I013 SHIFT MASK);
}

The wakeup source is the 1013 with low level sensitive; the application sets a virtual timer to wake up the system
when the 2 sec. timeout occurs.
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Low power SLEEPMODE_NOTIMER

In this scenario, the application enables the low power mode WAKETIMER. If the radio operating mode is in
connection or advertising state, the stack accepts the low power mode proposed by the application, but, if
necessary, the system can be woken up before the application timeout to follow the connection interval time
profile or the advertising interval time profile.

3.4 Low power SLEEPMODE_NOTIMER

In this low power mode the CPU is stopped and all the peripherals are disabled. Only the external wakeup source
block is running. A typical source code is:

while (1) /*main loop*/
{
/* BLE Stack Tick */
BTLE_ StackTick() ;
/* Application Tick */
APP Tick();
/* Power Save management */
BlueNRG_Sleep (SLEEPMODE NOTIMER,
WAKEUP_IO13,
WAKEUP_TOx HIGH << WAKEUP I013 SHIFT MASK);
}

The wakeup source is the 1013 with high level sensitive.

In this scenario the application enables the low power mode NOTIMER. If the radio module is in connection state,
after the negotiation with the radio stack, the low power software changes the low power mode into WAKETIMER
to follow the connection time profile. Instead, if the radio module is in an idle state, the radio stack accepts the low
power mode NOTIMER requested from the application and the low power software does not change it.
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4 Current consumption measurement test scenarios during BLE

This section shows typical current consumption measurements during BLE advertising and connection times.
To take these measurements the following configuration has been used:

. Hardware: STEVAL-IDB007V1

. Firmware: BLE_Power_Consumption test application released in the BlueNRG-1_2 DK software package
. Power supply: 3.3V

. Tx Power: -2 dBm

. Retention: full RAM retention 24 KB

. Crystal Startup time: 642 ps

. Master SCA: 100 ppm

. Slave SCA: 100 ppm

. Advertising interval: 100 ms and 1000 ms, with 28 byte packets length

. Connection interval: 100 ms and 1000 ms, with empty packets

The BLE_Power_Consumption test application configures the BlueNRG-1 as a Bluetooth Low Energy (BLE)
peripheral.

It is included in the BlueNRG-1_2 DK software package (STSW-BLUENRG1-DK), in Project, BLE_Examples
folder.

The BLE master role is covered by another BlueNRG-1 device configured with the DTM firmware application
available in the same folder and running some master scripts provided in the BLE_Power_Consumption test
application folder.

The scripts allow configuring a BlueNRG-1 device as a BLE master and create a connection with the BlueNRG-1
under test. The scripts run using the BlueNRG-GUI available in the BlueNRG GUI SW package (STSW-BNRGUI).

The current consumption measured in these scenarios is related only to the BlueNRG-1. The values are
measured connecting a DC power analyzer to the STEVAL-IDB007V1 JP4 probe.

Table 1. BlueNRG-1 current consumption values

Real current consumption Estimated current consumption

Advertising interval 100 ms 136.931 pA 181.8 pA
Advertising interval 1000 ms 15.342 A 18.99 pA
Connection interval 100 ms 50.423 pA 48.81 pA
Connection interval 1000 ms 7.059 pA 6.95 pA

The third column values are calculated using the BlueNRG Current Consumption Estimation Tool (STSW-
BNRGO001).

The following pictures show the advertising procedure snapshots for both intervals (the packet length is 28 bytes).
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BlueNRG-1 advertising procedure: interval 100 ms

Markers 8 Measurements () § A«

Marker 1 Measurements Between Markers Marker 2
Time 425.005 ms A =106.973 ms Freq = 9.348 Hz 531.978 ms
Min Avg Max RMS Peak to Peak | Charge / Energy
A-T1 115.206 pA -64.799 pA 136.931 pA 7.71403 mA 881.938 pA 7.778829 mA 4nAh -26 nA

40ms/ ~ | Offset Os Pointss 512 ~ Period: 5ps Trigger ScopeRunBution ¥  Mode: Auto  ~ | Slops: & Level -—

BlueNRG-1 advertising procedure: interval 1000 ms

Markers & Measurements () Ranges.  AUTOSCALE &

Marker 1 Measurements Between Markers Marker 2
Time 207.703 ms A =1.007632 5 Freq = 992 mHz 1.215335 5
Min Avg Max RMS Peak to Peak Charge / Energy
A-T1 111.755 yA -41.051 pA 15.342 pA 7.236146 mA 287.008 pA 7.277197 mA 4nAh 131.347 pA

325ms/ ~ Offset Os Pointss 512k ~  Period: 20 ps Trigger ScopeRunButton ~ Mode: Auto ~ Slope: & Levek —

The following pictures show the connection procedure snapshots for both intervals (with empty packet).
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Markers & Measurements ()

Marker 1
Time 1.170866 s

A-T1 119.267 pA

-52.728 pA

Current consumption measurement test scenarios during BLE

BlueNRG-1 connection procedure: interval 100 ms

Y ES

Measurements Between Markers Marker 2
A =99.973 ms Freq = 10.003 Hz 1.270839 s
Min Avg Max RMS

C Peak to Peak | Charge / Energy
50.423 pA 7.618764 mA 474.108 pA

7.671492 mA 1nAh 117.607 pA

29ms/ ~ | Offict Os Points 512k ~ Period: 5ps Trigger ScopeRunButton v | Mode: Auto  ~  Slopei & Level ——

Markers & Measurements ()

Marker 1
Time -1.493651 §

A-T1 -156 nA

-31.631 A 7.059 pA

BlueNRG-1 connection procedure: interval 1000 ms

Ranges... AUTO SCALE

Measurements Between Markers Marker 2
A =1.000175 5 Freg = 1000 mHZ -493.476 ms
Min Avg Max RMS
7.575968 mA 174.139 pA

Peak to Peak Charge / Energy

7.607599 mA 2nAh 127.13 pA

174ms/ ~ Offset Os Points 512k ~  Period: 20 ps Trigger ScopeRunButton ~ Mode: Auto ~ Slope: & Levek —

The following pictures compare the the DC power analyzer current waveform measured during the advertising
procedure and the estimated waveform calculated via the BlueNRG Current Consumption Estimation Tool (1000
ms advertising interval and 28 bytes packet length).
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BlueNRG Current Consumption Estimation Tool: advertising scenario power estimation

&7 BlueNRG Current Consumption Estimation Tool v.1.2 EI_I—J

File Plot Settings Window Help

Calculate Consumption Performance Summary
Even=y Advartising :‘v Time of active phase: 3.67 ms
General Advertising Scanning Connection . .
l Average current during the active pha 4.93 mA
Advertising Data Length (byte) 28 - Total average current: 18.99 uA
Advertising Interval (ms) 1000.000 |5 pavioadidataliate: MR

Advertising Channels 3 - Battery lifetime

Batt: i mAh, 230 %
Non-connectable undirected event ery capacity ( i}

Battery lifetime: 1 year(s), 4 month(s), 19 day(s)

Plot of active phase

10.00

8.00:

6.00}.}.--

ning
400} .
PU off

2.00}

0.00

H H ‘.Z ‘Z I I :I I Z‘ H Z‘ H ‘ZZZ‘ I H I: 1 L Z‘ H i
0 200 400 600 200 1000 |1200 1400l 1600 1800 200b 2200 24do 2600 2800 3dO0 3200 3400 3600
RX/TX RX/TX us RX/TX RX/TX RX/TX

BlueNRG-1 advertising scenario power consumption

2215579 2217228 2218053 2218878 2220527 2221352 2222177 2223002

Markers & Measurements () Ranges..  AUTO SCALE Q|

Marker 1 Measurements Between Markers Marker 2
Time 2.218758 5 A =3.234ms Freq = 309.188 Hz 2.221993 5
Min Avg Max RMS Peak to Peak | Charge / Energy
F1-A-T1 127.338 pA 107.771 pA 4.466526 MA 7.224543 mA 5.045064 mA 7.116772 mA 4nAh 621.212 pA

825ps/ v | Offset Os Pointst 512k ~ Period: 5 ps  Trigger ScopeRunButton ~ | Mode: Auto > | Slop & Levek -—
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other product or service
names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2019 STMicroelectronics — All rights reserved
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