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ABSTRACT

This application report describes the setup and procedures to measure power consumption on the
CC13xx and C26xx devices. It describes how this can be done both using a DC Power Analyzer or
EnergyTrace™. Steps to analyze both a Bluetooth Low Energy peripheral and a device running the
proprietary rfPacketTx example are included.
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1 Introduction
The first part of this application report focuses on Bluetooth Low Energy and shows how a DC Power
Analyzer can be used to measure power consumption on a “Peripheral” device. The second half of this
application report introduces you to the EnergyTrace technology, an energy-based code analysis tool that
measures and displays the application's energy profile. EnergyTrace technology is available as part of Tl's
Code Composer Studio™ IDE and the required HW is available on all CC13x2/CC26x2 LaunchPad
Development kits.
Power consumption measurements are presented and battery life time is calculated for an example
application. An accompanying Power Calculation Tool is provided so that you can estimate your battery
life based on your own custom usage scenario.
Note that the results presented in this document are intended as guidelines and measurement results
presented in this application report may not be up to date with the latest software optimizations. A variety
of factors will influence the battery life of a Bluetooth Low Energy product. Measurements should be
performed on hardware in a controlled environment and under the target application scenario.
It is assumed the reader of this document has some knowledge of the Bluetooth Low Energy standard, as
well as the Texas Instruments SimpleLink™ Bluetooth Low Energy wireless MCUs with the Software
Development Kit BLE-Stack. In addition, it is assumed that the reader has some knowledge of basic
electrical engineering concepts and understands how to use laboratory test equipment such as an
oscilloscope and DC power supply.
1.1 Acronyms
Table 1. Acronyms Used in This Document
Acronym Description
ADC Analog to Digital Converter
BLE Bluetooth Low Energy
CCs Code Composer Studio
CM3 Cortex-M3
CPU Central Processing Unit
Ccsv Comma-Separated Values
DC Direct Current
DK Development Kit
DUT Device under Test
GAP Generic Access Profile
GPIO General-Purpose Input/Output
MCU Micro Controller Unit
PC Personal Computer
RAM Random Access Memory
RF Radio Frequency
RTC Real Time Clock
RTOS Real Time Operating System
RX Receive
SCA Sleep Crystal Accuracy
SPI Serial Peripheral Interface
TX Transmit
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Standby

Before we start looking into how we can measure current consumption, it is important to understand the
Standby mode of the CC13xx and CC26xx devices. Standby is the lowest power mode where the CC13xx
and CC26xx devices still have functionality other than maintaining I/O output pins. Standby is normally the
power mode used between radio events if no other parts of the system are active. Current consumption in
Standby mode consists of two parts: a recharge current pulse, used to charge up the VDDR capacitor,
and the current consumption between the recharges. The latter is around 70 nA, almost too small to
measure. It is the average power consumption during Standby including recharge that is defined as the
Standby current, approximately 1 uA, as stated in the data manual for the given device (see [4] through
[13]). Figure 1 shows what a recharge pulse looks like.

Figure 1. VDDR Recharge

While the CC13x2 and CC26x2 have a built-in comparator that gives the optimal recharge interval at any
time (and at any temperature), the recharge pulses are dynamically adapted based on the required time in
Standby for the CC13x0 and CC26x0 devices. For the latter devices, the recharge interval will also

depend on when in time the measurements are done with respect to the last reset of the DUT. This is
illustrated in Figure 2.

—>
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Figure 2. Change of Recharge Interval Based on Standby Interval and Time From Reset
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In the first case, the Standby intervals (A, B, C, ...) are short and there is only one recharge pulse
between each wakeup. In this case, the Standby current will be higher than the 1 pA stated in the data
manuals.

In the second case, the Standby intervals are longer (A*, B*, C*), and there is room for several recharge
pulses within one Standby interval. In this case, the recharge interval will get a little bit longer for every re-
charge pulse. When starting a new Standby interval (B*), you will not get back to the minimum recharge
interval, but start where you ended up in the previous Standby period (A*) (with some margins). Because
of this, you will end up with the max recharge interval after a while (M*) (if your Standby intervals are long
enough) and your Standby current will get down to 1 pA. In Figure 3, a CC26x0 is advertising with a 100
ms interval and there is one recharge in between the advertising events; in this case, the resulting
Standby current is 1.57 pA. The Standby current will not go lower than this when advertising with a 100
ms connection interval. For CC26x2, you will not have any recharge pulses for this setup (see Figure 4)
and the current consumption is below 60 nA. Recharge pulses will be observed if increasing the
advertisement interval sufficiently.
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Figure 4. Measuring Standby Current During Advertisement (CC26x2)
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When a connection has been established as described in Section 6.3.2, similar measurements can be
done (still using CC26x0), resulting in a Standby current of 0.88 pA due to the long connection interval (1
s). In this case the recharge interval has increased and there are only 2 recharge pulses during the
Standby period (see Figure 5). Measuring Standby current on the CC26x2 with the same connection
interval results in a Standby current of 0.90 pA and there is only one recharge pulse during Standby (see
Figure 6).
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Figure 5. Measuring Standby Current During Connection (CC26x0)
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Figure 6. Measuring Standby Current During Connection (CC26x2)
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Understanding Bluetooth Low Energy Power Metrics

A Bluetooth Low Energy device achieves low power consumption by keeping radio activity short and
allowing the device to reside in Standby or Power Down mode most of the operating time.

The operation of a Bluetooth Low Energy device is typically static in the sense that it's staying in a certain
mode for a certain amount of time, for example, when advertising or maintaining a connection. These
modes are based on re-occurring events that can easily be used to estimated average power
consumption. Each of these modes can be quantified into states for future estimations based on added
data throughput or reduced latency (through higher connection interval, as an example).

The primary metric is the average current for the advertising and connected mode. It is these values that
can be used to determine the battery life of a Bluetooth Low Energy device.

For a wireless MCU it is important to understand that the device is typically not only running the Bluetooth
Low Energy protocol stack, but also profile services and an application. The application may also be using
peripherals on the chip, such as serial peripheral interface (SPI) or analog-to-digital converter (ADC). In
addition, other devices on the circuit board, aside from the device running the Bluetooth Low Energy
protocol stack, may be drawing current as well.

There are three main components of a Bluetooth Low Energy application that together sum up the
average power consumption: Standby, Protocol events and Application events. Depending on the use
case of the Bluetooth Low Energy device, these components will consume different amounts of power.

Figure 7 shows the current profile for a connected Bluetooth Low Energy device. The device spends most
of the time in Standby, where the average current consumption is around 1 pA (see [4] through [13]).

Connection Connection
Re-charge Re-charge

Event Event

Figure 7. Current Consumption vs. Time During a Bluetooth Low Energy Connection

From Standby, the device only wakes up based on either external interrupts or scheduled
events/interrupts from the RTC. Standby also includes the recharge, which is described in Section 2.

The Protocol event is where communication over the Bluetooth Low Energy protocol occurs. For a
Bluetooth Low Energy device, these events can be either Advertising events or Connection events. There
are multiple roles featured that allow a Bluetooth Low Energy device to enter Observer role and scan as
well but they are not covered in this application report

The Application event is the application-specific implementation, for example, a periodic event, serial
communication, or running algorithms based on sensor inputs. Depending on the amount of activity, the
application event can increase power consumption significantly, hence, always aim to optimize processing
usage. The Application events typically occur between protocol events, which mean that a longer
advertising or connection interval gives longer time slots for processing.
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SimpleLink Bluetooth Low Energy Wireless MCUs

There are several Bluetooth Low Energy Solutions provided by Texas Instruments. These cover a wide
range of solutions, from simple broadcaster only to advanced multiple-role Real Time Operating System
(RTOS) featured solutions. An overview of TI's Bluetooth Low energy offering can be found here:
http://www.ti.com/wireless-connectivity/simplelink-solutions/bluetooth-low-energy/products.html.

In the first part of this application report, measurements are done on the CC2652R [13], but everything
discussed here regarding how to measure the current consumption is also valid for the other CC26xx and
CC13xx devices.

The CC2652R is a Multi-Standard Wireless MCU providing a complete solution on a single chip. The
application processor is an Arm® Cortex®-M4F and it is used for running the Bluetooth Low Energy
Profiles along with any user defined functionality.

The RF core ensures that all timing regarding the Bluetooth Low Energy protocol is being configured and
handled properly. An Arm Cortex-MO is dedicated for the radio operations and runs the Bluetooth Low
Energy Radio Firmware from its own dedicated ROM.

The CC2652R can be powered by two supply ranges, as presented in Table 2. To enable the 1.8 V
system, both hardware and software modifications are required, which is documented in the CC13x2,
CC26x2 SimpleLink™ Wireless MCU Technical Reference Manual [3]. For the CC13x0/CC26x0 device,
see theCC13x0, CC26x0 SimpleLink™ Wireless MCU Technical Reference Manual [2].

Table 2. CC2652R Supply Voltage

Supply Voltage Internal DCDC Minimum Maximum

1.8 V System (External No 1.7V 195V
Regulator Mode)

3.3V System Optional 1.80V 3.80V

For more information about Supply Voltage, see the device-specific user's manual (Section 8).
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5 Power Measurement Setup — Preparing the DUT
Before measurement and analysis can be performed, the device under test (DUT) must be prepared both
from a hardware and software perspective. A peer device can also be configured in order to establish a
connection. In this application report, a device running the example project HostTest [15] is used to
establish the connection. This project can be run on any BLE-enabled development board and we have
used a CC26x2R LaunchPad™ [19].
s i@
10239 O <GND) 006 @, @ pio12
0i02 O W pi025 01020 @, @ piot1
003 O O pio26 0i019@ €
00229V oioz7 vo18 €, @ 1erst
010249 'O oi0z8 eprs1€ € pios
ulom'-) 'J DIO29 ws(.«- (-'Dlox
0i0219 ' DIO30 Tck@ @ pio13
oio4 9" pioo
Dltz's'fg?omm
bad 1oo
g
[ M
Figure 8. Device Under Test
5.1 Requirements

To measure average power consumption for Bluetooth Low Energy on CC26xx, the following hardware
from Texas Instruments can be used:

* CC26x2R LaunchPad
* (CC2650/CC2640R2/CC1352R/CC1352P LaunchPad [17]/[18]/[20]/[21]
» A device running the HostTest project - Optional

The above mentioned hardware can be can be purchased at the TI Store [14].

In terms of software resources, the following are required:
* BLE-Stack [15]
* IAR EWARM [16]
or
e CCS Integrated Development Environment [22]

Make sure you are using the IAR and CCS version recommended for your version of the SDK/BLE-Stack.
For more details, see the device-specific software release notes.
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5.2

Embedded Software

The BLE-stack is either a stand-alone deliverable or provided as part of the Software Development Kit
(SDK), depending on which device you use. The software package includes the full Bluetooth Low Energy
protocol stack along with sample applications. The protocol stack is provided as a pre-qualified library
component and the complete system is operated by an RTOS that introduces a threaded environment
with full power management. The power management is maintained by the Power Driver automatically
and the application can constrain tasks or disallow certain power modes, if required. The current
consumption for the different power modes can be found in the device-specific data manual (Section 8).

The generic sample application simple_peripheral that is included with the BLE-Stack is ideal to use in
order to analyze power consumption for the sole Bluetooth Low Energy protocol running on a wireless
MCU. Depending on what version of simple_peripheral you are using, the application does one or more of
the following:

» Advertise with legacy advertisements on LE 1M PHY

» Advertise with extended advertisements on LE Coded PHY
» Start a clock that calls a periodic event

» Print messages on UART display

For the CC2650 LaunchPad, the external flash is not turned off by default, hence you will measure an
extra current consumption of about 7 pA. The flash can be turned off by calling the ExtFlash_open();
followed by ExtFlash_close(); (functions found in ExtFlash.h/ExtFlash.c). To get a power measurement
that is easy to interpret, you should disable all application behaviors described above except legacy
advertising, and make sure the external flash on your board is shut down.

For more information including instructions on how to program the CC26x0, see the CC2640 and CC2650
SimpleLink™ Bluetooth® low energy Software Stack 2.2.1 Developer's Guide [1]. For CC13x2/CC26x2,
see the BLE5-Stack User's Guide [23].
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5.3 Hardware

531 CC26x2R LaunchPad

To get a clean current measurement, the jumpers on the LaunchPad should be removed. The CC2652R
Launchpad with all jumpers removed is shown in Figure 9. Note that when the JTAG jumpers are
removed, the programming and debug capabilities of the chip become unavailable. This is also applicable
for the other CC26xx and CC13xx LaunchPads ([17] - [21]).

-cc26x2R) Rev: 8

i

LAUNCHXL:

=41 w93
ED9 o & :
-

D023 ) <GND) pios @, ©,_pi012
pioz & W pio25 D020 @, © pio11
oio3 & O pio26 019 @ €
D022 & DIo27 pio18 @ @ LPRsT
D024 & DI028 i 8PRsT® @ DpIo9
D010 & DIO29 .- se TMs@ @ Dios

- & > a0
D021 D DIO30 ., ®8 Tck@ €oio13
pios "D "D pioo H i  ®9pi016€ € o014

pios @D pior " " H **  wwpo17€ €'pois
% 10 30 . ¥ 31 11
*

” TEXAS
INSTRUMENTS

. Mount for : .
'CC-ANTENNA-DK

Figure 9. CC2652R LaunchPad Jumper Removal
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5.4

BTool (Optional)

The BLE-Stack also includes BTool along with drivers and firmware. BTool can be used to emulate a
Bluetooth Low Energy application from a PC environment. BTool is used to create a connection with the
DUT. If the intention is to measure power consumption of the DUT when being in advertising or beacon
mode, BTool is not required.

To connect to the DUT using BTool, a device running a Bluetooth Low Energy wireless network processor
image named HostTest is required. This can be found with the other example projects in the BLE-Stack.

With a Launchpad running the HostTest application connected to the PC, open BTool and select the COM
port used by the application (see Figure 10).

@ Serial Port Settings X

Port: | COMS - XDS110 Class Application/User UART v
Baud: | 115200 v
Flow: | None v
Parity: | None v
Stop Bits: | One v
Data Bits: |8 v

Figure 10. BTool Serial Port Settings

Press OK and there should be an initialization process that is observed in the log window.

Before forming the connection, the proper connection parameters should be used. This is dependent on
the application that is being considered. The supervision timeout setting should not affect the power
measurements. A connection interval of one second, with zero slave latency, is used in this document.
Therefore, use the values as shown in Figure 11. Be sure to select the “Set” button after entering in the
values. Setting up the connection parameters needs to be done before a connection is established.
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Power Measurement Setup — Preparing the DUT
&P BTool - Bluetooth Low Energy Application - v1.42.13 (BLES)
Device Qptions  View  About

Select Device Operation & cous

- 68 X
Discovesy

Connecten Settngs
Min Connection iterval (63200K | 30012 (1000.00ms)
L I -
Pot i Max Connection interval 53200k | 80012 (1000.00ms)
Device bo: Slave Latency (0435 0
Hande: GFFFE ' &
Timeout (1032005
DA 54.6C.0E ADAAOE EEe- ¢ 200015 (20000m8)
ProfieFole:
Cevral Load Settngs Gat Se
Link: Control
Establsh Link
Slave BDA: |None
Establsh Cancel

Connection Hande: | (FFFE | PHY Teminste

Contnd  Hande  Lud

Ui Descrotion Value Desciption

Hardware Connected - (Devices = 1)

* Texas INSTRUMENTS

Figure 11. BTool Connection Settings
With the connection parameters set as needed, setup is completed.

At this point, BTool is ready to discover the DUT. If you left the SimpleBLEPeripheral application running
on your DUT, you should be ready to use BTool. As long as the device running SimpleBLEPeripheral is
powered up and not connected to anything, it should be in discoverable (advertising) mode.

In the Discovery section, press the “Scan” button, as shown in Figure 12.

Discovery
Peiod: [ 0 | Duration: 500
Devices Found: 0 Max Records: 40
sonicomes | s

Figure 12. BTool Scan
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BTool will begin searching for Bluetooth Low Energy devices. When the discovery process finishes, the
address of any scanned devices will appear in the “Slave BDA” section, as shown in Figure 13.

Establish Link

03:8F-06:4D:EC:5B
2C:4D:39:5D:32:01
5B:BF:3E:E1:17:D4
08:E9:0D:5F:42:5C
12:A5:C3:FF:A9:DD
BE:91:4C:D4:C1:36 )
fl4:05:F 7:9F-83:8F Teminate
10:8F-BA:FC:A7:55
PE:5F:10:94:B1:EF
B7.7A:15:2C:14.E9

Establish Cancel

Connection Handle:

21:1C:51:87.7E:8D
25:32:2B:94:35:58
30:1E:22:D7:EF:DE
5B:E8:32:FE:34:9A

:76:6A:0C:7F:F8

Figure 13. BTool Scan Results

To establish a connection with the peripheral device, select the address of the device to connect with and
click the “Establish” button, as shown in Figure 14.

Link Control
Estabiish Link
Slave BDA: |00:81:F9:4A:4D:F5 v
=

Figure 14. BTool Establish Link
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As long as the peripheral is powered-up and still in discoverable mode, a connection should be
established immediately. Once a connection is established, the message window will return a
“GAP_EstablishLink” event message with a “Status” value of “0x00 (Success)”. In BTool, you can see your
connected peripheral device in the Device Information field, as shown in Figure 15.

oCOMS5

o Port Info

o Device Info:

- Handle: OxFFFE

. BDAddr: 54:6C:0E:A0:4A:0E

0 ProfileRole:

. 'Central

& Connection Info:
-Handle: (x0000
-Addr Type: 0x00 (ADDRTYPE_PUBLIC)
-Slave BDA: 00:81:F9:4A:4D:F5

Figure 15. BTool Connected Device

6 Measuring Power Consumption With a DC Power Analyzer

The most accurate way of measuring power consumption is to use a DC Power Analyzer (since the power
consumption varies over time, a simple multimeter will not be sufficient). An oscilloscope can be used as
well, as long as the sampling rate and bandwidth is good enough. For the purpose of this application
report, an Agilent N6705B DC Power Analyzer is used (see Figure 16). The internal module is a N6781A,
a 2-quadrant source and measure unit for battery drain analysis.

- Tech: ez NETOSA v
i+ Agilent Technalogi L

Figure 16. Agilent N6705B DC Power Analyzer
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Make sure that the system is set up properly and review the steps described in Section 5. For reference,
the full overview is illustrated in Figure 17. VDD is connected to the 3V3 pin on the LaunchPad.

When the DUT is correctly connected, the power supply is enabled by pressing the “On” button within the
Agilent 14585A Control and Analysis Software. The power consumption measurements can be done by
two separate functions: Scope or Data Logger. The Data Logger provides an average power consumption
measurement over longer time, for example, minutes and hours, although the resolution is not as good as
using Scope. This document focuses on doing measurements by using the Scope feature.

CC26x2R1
Launchpad

DUT
CC26x2R1 LaunchPad

Figure 17. DUT Test Setup

The Agilent N6705B powers the DUT as well as performs the current measurement.
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6.1.1 Analysis Software Setup

All measurements and analysis can be done directly with the Agilent N6705B interface, but in this
application report, a PC Tool called "14585A Control and Analysis Software for Advanced Power Supplies”
(v2.0.2.1) is used to control the Agilent N6705B. The software is available from http://www.keysight.com/
(in 2014, Agilent electronics instruments division was acquired by Keysight Technologies).

When the PC Tool is started, no external equipment is connected, which is observed in the “Instrument
Control Tab”, as shown in Figure 18.

[ Fle Edit Toos Scope Help @ /> Scope Jw Data Logger CCOF

Interactive Front Panel Image - no connection

|o1uo7 JUBWINISUL

—_— = =
| MaterJ Prcper‘tiaﬂ MenuJ
o —
| Settings | Back

r— Select Qutput

s We wEe

0482697 0486872 0491048 0495223 0,499399 0,503574
[

. s..  AUTO SCALE
St Markers & M e its | ~)
o Pt opped arker: casurements (- e a
2msf/ = Offset 0s Points: 2048 ~ Period: 0s
Trigger ScopeRunButton ~ Mode: Auto  ~  Slope: &  Level: —
INSTRUMENTS OUTPUTS ACTIVE FORMULA RUN

B e Basmv-) Bl mv/[~] Blsmv/[] @ismv/l-] B ([usmvl-] s

» NE e [ Qe [~ B [ QG -] B s~ o o
g B imw [~ B mws [~ B 7mw, [~ Blrows (-] B (usmvf~

Figure 18. Agilent 14585A Control and Analysis Software, Start-Up
To connect the Agilent N6705B, make sure that it is connected via USB and that it is powered. Use the
bottom left “Connect” button to select the connected hardware, as shown in Figure 19.

INSTRUMENTS OUTPUTS
comet | [ Elzesmys~) @B (15 my /[
L & - 1 -— |

s

B v Disconnected e
b o r-‘l .

Simulation

No response (USBD:2391::3847 :my53000734:0:INSTR)

N67058 (USB0:2391:384 7:my53001 11 6:0:INSTR)

Conhgure...

Figure 19. Agilent 14585A Control and Analysis Software, Connect
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When the hardware has been successfully connected, it is fully controlled from the PC Tool, which is
verified by the “Instrument Control” tab, as shown in Figure 20.

[ Fle Edit Toos Scope Help @ /> Scope Jw Data Logger CCOF M are

Interactive Front Panel Image - Instrument A

1 * 0.0 mY
0.00 mA
Set A
cvY H-Li .4
3

[00UO7 JUBLINISUL

No Module No Module

%3

B0 SHLAN

S - -
| Meter J Prcper‘tiaﬂ Menu J

f— Select Output _\
) @ @

. Ranges.. | AUTO SCALE
Stopped Markers & Measurements (=) —
g &«

0482697 0486872 0491048 0495223 0,499399 0,503574
[

AllOn All Off
2ms/ ~ | Offseti0s Points: 2048 ~ Period: 492 s
Trigger ScopeRunButton ~ Mode: Auto ~ Slope: & Level —

INSTRUMENTS. OUTPUTS ACTIVE FORMULA RUN

D e @125 mv/[~ @B mv /]~ B (aasmvi[~ Scope A
» [« [TV B 7mas [~ No Module No Module B (15mv/[~ o o
B o @ 1mws [ B zmw/ [~ @ (aasmvi~

Figure 20. Agilent 14585A Control and Analysis Software, Connected
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Note that the Output may be “On” per default (observed by the lit “on” button). If so, turn the Output off

since the actual output parameters have not been configured yet. The next step is to configure the output.

In the “Instrument Control” tab, click the “Settings” button to bring up the Source Settings for Output 1.
Depending on the module within the Agilent N6705B, the options may be limited. Select “2 Quadrant

Power Supply” and set the “Voltage” to 3.0 V.

Interactive Front Panel Image - Instrument A

Qutput 1 - Source Settings R

Mode
Ermulating 2 Quadrant Power Supply 5=

Operating In - Woltage Prorty

Volage [IEEERO0N v Fiange (512

+ Current Limit | 2060000 |42
v Tracking Limits

Resistance
e
Enable Q g
o
53
Delay... | Ratings... || Protection... || Advanced... Cloze o

.

— 5 -

Meter I Pmper‘tieﬂ Menu J
- 9 =
| Settings |

Select Output

06

Lz 29

All On All Off

[0JJUOD) JUBWNISUL

Figure 21. Agilent 14585A Control and Analysis Software, Source Settings
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Connect the instrument probes to the DUT. For the LaunchPads, the VDD line should be connected to the

3V3 pin. The GND can be connected to any GND pin. Connecting to the CC26x2R1 LaunchPad is shown
in Figure 22.

® DIO16 & LUUEE GND

®DIlo17 313 ++ DIO15
§

Figure 22. Connecting to the CC26x2r1 LaunchPad

When the DUT is correctly connected, the power supply is enabled by pressing the “On” button within the
Agilent 14585A Control and Analysis Software. The power consumption measurements can be done by
two separate functions: Scope or Data Logger. The Data Logger provides an average power consumption
measurement over longer time, for example, minutes and hours, although the resolution is not as good as
using Scope. This document focuses on doing measurements by using the Scope feature.

Figure 23. Connected DUT to Agilent 14585A
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6.2 Measurement Using Scope

When the instrument has been correctly setup and configured, make sure that Scope has been selected,
as shown in Figure 24.

Fle Edit Tools Scope Help @ J° Scope

Figure 24. Agilent 14585A Control and Analysis Software, Scope

The scope mode allows that measurement be ran over a short amount of time. In order to maximize the
amount of data, use the following measurement setup: (see Figure 25).

e Time/div: 200 ms/

* Points: 512k

e Trigger: Scope Run Button
* Mode: Single

» Slope: Rising Edge

Stopped Markers & Measurements '_ ) Ranges... AUTO SCALE i.g

200ms/ = Offset/0s Points: 512k ~ Penod: Sps Trigger Scope Run Button ~ | Mode: Single ~ @ Slope: _i Level: ——

Figure 25. Agilent 14585A Control and Analysis Software, Scope Setup

Next, make sure that the “Ranges...” is setup to Auto, as shown in Figure 26.

Instrument A: Measurement Ranges

~Output 1 Ranges

‘ Voltage: Auto = Current:  Auto

|- Cutput 2 Ranges
Voltage: 20V v Current: 3 A

Qutput 3 Ranges

-Output 4 Ranges

Figure 26. Agilent 14585A Control and Analysis Software, Instrument Range

The instrument should now be setup properly and the measurement can start. Click the Play button in the
bottom right corner — allow the instrument to start the measurement.
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6.3

6.3.1

Analysis

Depending on what the DUT is setup to do, the result will vary. If no interaction has been made with the
DUT, it will be sending out periodic advertisements each 100 ms (see Figure 27).

SR s T YLV

)

=l 1~ =000

Figure 27. Agilent 14585A Control and Analysis Software, Advertisement Capture (CC26x2)

The approximately 2.6 s measurement includes 26 advertising events. There are no recharge pulses in
Standby, as the measurement is done on CC26x2 (see Section 2).

There is functionality to do detailed measurements of the acquired waveform. Select “Markers &
Measurements” to enable the markers. There are two approaches of using the markers:

e Measure the average power consumption from a symmetric point of the measurement, (for example,
from the start of an event to the point where the next event starts). This will give an approximation of
the overall power consumption over time because of the reoccurring symmetry.

» Break down the events into states to be used for various use case studies and estimations. This is
very useful in order to analyze the resulting power consumption when intervals are changed

If the objective is to simply obtain a power consumption figure of the DUT, the first option is fast and
reliable.

Advertising Event

An advertising event is where the (Bluetooth Low Energy) peripheral device broadcasts information in
order to either share information or become connected to a (Bluetooth Low Energy Ready) Central device,
such as a smart phone. The device wakes up and broadcasts packets on three separate channels and
listens on each of these channels for Scan Requests or Connection Requests. Scan Requests is a way for
a Central device to obtain more information about the device before connecting, because the advertising
data is typically chosen to be very short to minimize power consumption. Based on advertising data or the
scan response data, connection requests can be sent, which initiates a connection between the Peripheral
and the Central.

With connectable advertising packet format, the base time of data transmitting is 144 us, which contains a
pilot tone plus 1 byte preamble, 4 bytes Access Address, 2 bytes PDU, 3 bytes CRC and 6 bytes AdvA in
the payload. For every additional transmitted bit, 1 us should be added to the TX time.
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The Agilent 14585A Control and Analysis Software “Markers & Measurements” functions are used to
qguantify a single advertising event, which is visualized in Figure 28 and summarized in Table 3.

if“u't .
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Figure 28. Connectable Advertising Event, Capture

Table 3. Advertising Event, State Analysis

Number | State Comments

1 Pre-processing RTOS wake-up, radio setup, XTAL guard time

2 Radio preparation Radio is turned on and in transition to TX

3 TX The radio transmits an advertisement packets with 3 bytes data on Channel 37.
Time is dependent on amount of transmitted data

4 TX to RX transition TX to RX transition

5 RX Time depends on advertising interval and Sleep Crystal Accuracy (SCA)

6 RX to TX transition RX to TX transition

7 TX The radio transmits an advertisement packets with 3 bytes data on Channel 38.
Time is dependent on amount of transmitted data

8 TX to RX transition TX to RX transition

9 RX Time depends on advertising interval and SCA

10 RX to TX transition RX to TX transition

11 TX The radio transmits an advertisement packets with 3 bytes data on Channel 39.
Time is dependent on amount of transmitted data

12 TX to RX transition TX to RX transition

13 RX Time depends on advertising interval and SCA

14 Post-processing and going to Standby Bluetooth Low Energy protocol stack processes the received packets and sets up
the sleep timer in preparation for the next event, and then goes to Standby
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This is also the event occurring when a device is in beacon mode. For a non-connectable beacon, there
are no RX states during the advertising event, reducing the average current consumption.
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Figure 29. Beacon Event, Capture

Table 4. Beacon Event, State Analysis

Number | State Comments
1 Pre-processing RTOS wake-up, radio setup, XTAL guard time
2 Radio preparation Radio is turned on and in transition to TX
3 TX The radio transmits an advertisement packets with 3 bytes data on Channel 37.

Time is dependent on amount of transmitted data

TX-to-TX transition

TX to TX transition

5 TX

The radio transmits an advertisement packets with 3 bytes data on Channel 38.
Time is dependent on amount of transmitted data

TX-to-TX transition

TX to TX transition

TX The radio transmits an advertisement packets with 3 bytes data on Channel 39.
Time is dependent on amount of transmitted data
8 Post-processing and going to Standby Bluetooth Low Energy protocol stack sets up the sleep timer in preparation for the

next event, and then goes to Standby

6.

3.2 Connection Event

When a connection has been established between a Peripheral and a Central device, they communicate
during connection events. The Central device operates as the master and the Peripheral device as the

slave.

All communication between two connected devices occurs on these connection events. They are

periodically with a configurable connection interval, ranging from 7.5 ms to 4 s.

Each event occurs on one of the 37 data channels and the master always initiates the event, with the
slave listening. They can continue to communicate back and forth as much as they want during one

connection event.

Connection events occur even if neither side has data to send. This ensures that the link is still valid. If a
specified number of connection events occur without acknowledgment, the connection will be considered

lost.
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In order to measure the current consumption during a Connection event, the DUT must be connected to a
peer device. By using BTool as described in Section 5.4, a connection with 1 second connection interval is
established.

To measure the average current consumption after a connection has been established (Figure 6), you

should identify two Connection events. Place Marker 1 right after a Connection event, as shown in
Figure 30, and the second marker after the following Connection event. The average current is in this case

approximately 10.2 pA, as shown in Figure 31.

4
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Figure 30. Connection Event, Marker #1 Placement
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Figure 31. Average Current Consumption After Establishing a Connection
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The Connection event can also be analyzed (like what was done with the Connectable Advertising event
in Figure 28) by selecting “Markers & Measurements”. This is shown in Figure 32 and summarized in

Table 5.
f
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Figure 32. Current Consumption versus Time During a Single Connection Event

Table 5. Connection Event, State Analysis

Number | State Comment
1 Pre-processing RTOS wake-up, radio setup, XTAL guard time
2 Radio preparation Radio is turned on and in transition to RX
3 Recieve (RX) The radio receiver listens for a packet from the master. Time depends on
connection interval and SCA.
RX to TX transition RX to TX transition
Transmit (TX) The radio transmits a packet to the master on one of the 37 channels. Time is
dependent on the amount of transmitted data
6 Post-processing and going to Standby Bluetooth Low Energy protocol stack processes the received packets and sets up
the sleep timer in preparation for the next event, and then goes to Standby

6.3.3 Power Consumption Calculator

The state analysis from advertising and connection states can be used to investigate how the battery life
varies depending on connection interval. For that purpose, a Power Calculator Tool [24] is provided that
can be used to perform calculations for your custom application.
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EnergyTrace

EnergyTrace is available on all CC13x2 and CC26x2 LaunchPads. The tool can be used stand-alone, as a
power profiling tool, or in EnergyTrace++ mode (4-pin JTAG required) within a debug session for state
monitoring to help optimize the application for ultra-low-power consumption. This section focuses on the
steps necessary to run EnergyTrace in stand-alone-mode in CCS. In this mode, the debugger is not active
and the displayed current consumption is what to expect for the final application. Since the previous
sections have focused on Bluetooth Low Energy, this section will use one of the proprietary examples to
show how to use EnergyTrace. Please note that the CC13x2 Proprietary RF User's Guide [26] has a
section with info regarding EnergyTrace.

The rfPacketTx example (available for our CC13x2 devices) was used running on the CC1352R1
LunchPad [20].

The example can be found and downloaded using Resource Explorer (see Figure 33).

o Ae =@

& rfPacketT PacketTx

3 Packetl CCI3SR1 LAUNCHXL tites_ccs

Figure 33. rfPacketTx in Resource Explorer
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After building the example, it should be downloaded to the LaunchPad and the following steps should be

done:

1. Remove all jumpers on the LaunchPad between the XDS debugger and the device, except for the
XDS110 Power, the 3V3 and RXD jumpers (see Figure 34). It is important that the XDS110 jumper is
mounted in the "XDS110 Power" position when the LaunchPad is powered up, otherwise the
calibration of EnergyTrace will fail. The UART driver in the SDK configures the UART RX pin without
internal pull-up. To avoid current leakage in the input buffer, the pin must always be firmly pulled to a
logic level. This can be achieved by keeping the RXD jumper on (connecting the debugger output to
the UART RXD input).

XDS110
Qut o

Figure 34. Jumper Settings
2. If the jumpers were not set correctly BEFORE powering the board, trigger a re-calibration of
EnergyTrace by power cycling the LaunchPad (disconnect and re-connect the micro-USB cable).

3. EnergyTrace requires some configurations the first time it is being used within a CCS workspace. Go
to the menu "Window™ and select "Preferences” (see Figure 35).

EnergyTrace - fPacketTx_CC1312R1_LAUNCHXL tirtos_ccs/rfPac
Edit View Navigate Project Run Scripts Window

. b‘g P g New Window r
Editor >
Project Explorer Appearance »
v o> rfPacketTx CC1312R |
& Binaries Show View >
n Includes Perspective >
Debug Navigation >
smartrf_settings
targetConfigs Preferences
n Board.h

¢ CCI312R1_LAUNCHXL_Hhons.c
g CC1312R1_LAUNCHXL_TIRTOS.cmd
g CCI32R1_LAUNCHXL.c
N CC1312R1_LAUNCHXL.h
g ccfg.c
€ main_tirtos.c
\c) ffPacketTc
& Board.html
OVerview.fov.son
& README.html|
README.md
> tirtos_builds_CC1312R1_LAUNCHXL release_ccs

Figure 35. Preferences
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4. Navigate to the "EnergyTrace Technology™ window and configure it as shown in Figure 36.

¥ Preferences

type filter text

General
v Code Composer Studio
v Advanced Tools
Disk Usage
EnergyTrace™ Technology
Source Line Reference
Trace Viewer
Build
Debug
Grace
Products
Help
Install/Update
Run/Debug
Team
Terminal

(?) Show advanced settings

EnergyTrace™ Technology =1 v v

EnergyTrace™ technology enables analog energy measurement to
determine the energy consumption of an application. This feature is
available for all devices with selected debuggers.

EnergyTrace+™ technology in addition supports an energy-based code
analysis tool that is useful for measuring and viewing the applications
energy profile and correlating with the devices CPU state and optimizing it
for ultra-low power consumption. This feature is available on MSP432
devices and selected debuggers. Please check the "CCS for MSP432 User's
Guide" for details.

EnergyTrace++™ technology in addition supports an enhanced
energy-based code and peripheral analysis tool that is useful for measuring
and viewing the applications energy profile and correlating with the devices
CPU and peripheral states and optimizing it for ultra-low power
consumption. This feature is available on selected MSP430 and SimpleLink™
devices and selected debuggers. Please check the "CCS for MSP430 or
SimpleLink™ User's Guide” for details.

] Enable Auto-Launch on target connect

(® EnergyTrace
@) EnergyTrace+[CPU State]+[Peripheral States]

Cell Type CR2032 ~

Optional

Target lifetime (days) 0.0

Target Connection
Connection | XDS110 |~

MSP432/RF432/CC13%¢/ CC26xx

Voltage (mV) | 3300.0

ET-HDR Range Selector
(® Low current, narrower range higher accuracy

@) High current, wider range lower accuracy

When save profile also save:
[JRaw data to CSV file

Apply and Close Cancel

Figure 36. EnergyTrace Technology Configuration

If post-processing of the acquired data is wanted, select the ‘Raw data to CSV file’ checkbox. If this
checkbox is selected, you can, after EnergyTrace is finished capturing data, select the 'Save current
energy profile' button, to save a .csv file. The default location for this file will be under your project

workspace.
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5. Click the EnergyTrace Button (see Figure 37).

1.2 - Code Compases Studio

void *asinThread(void *srge);

Bdcfine THIEADSTACKSIZE 1024

makelle defs
@ READMERmI

READMEmd

—,

e(bthresd, fattrs, ssinTheesd, WLL)

]
é

oo

Figure 37. EnergyTrace Button

A dialog with instructions on how to use the EnergyTrace Stand-alone Measurement Mode will pop-up.

Click ‘Proceed’ to continue.

6. Select how long you want to capture data by clicking the ‘Set Measurement Duration’ button (see

Figure 38).

© - E
1 sec
5 sec
10 sec
30 sec
1 min

5 min

- [

o Y| pk

]

On halt

Custom ...

Figure 38. Set Measurement Duration
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7. Click the green play button to start capturing data (see Figure 39). The red LED on the XDS110
debugger should be turned on, and will be so for the duration of the EnergyTrace capture.

Ollﬁtbvlﬁﬂ;@'szv

| Start trace collection

Figure 39. Start Trace Collection
8. When EnergyTrace is finished capturing data, review the application’s power profile and have a closer
fiar Courrent
look at the current graph

Figure 40 shows the current profile for the rfPacketTX example taken over 1 s. From the plot, it is easy to
identify the packet interval of 500 ms and to verify that the device enters Standby in-between packets. If
you want to zoom in on the current graph, you can use the magnifying glass symbol.

12 EnergyTrace™ Technology [ Energy b Cument 52 Y-

Figure 40. Current Profile for rfPacketTx (without modifications)
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7.1 Modifying the rfPacketTX Example

Using SmartRF™ Studio [25], you can find the modifications that need to be done in smartrf_settings.c to

change, for example, the output power to 10 dBm (see Figure 41).

£ CC13520_PROP_REVT1 Previes - Device Contret P okine)

- 8 x
e Settings Yiew [valationBosrd el

Pacint TX | > St W Sios  EA Command View [ RF Parameters

e

B Flocas tse B3 (O e

[e—

@ Settings for 773 - 330 etz band

50 k208, 2:0F 5K, 25 42 vt EEE 602 15,4 MR.FSX Y moce

staeT
5ipa, Sempink Long Range (20 kcopis, 2GFSK, can FEC 1172 Ke7, DSSS SFa2, Tx Gev: § 12, Ru BV 34 k) (Relesss Casacite) statTrigger o0
25 42pa, Stk Long Renge (20 KNy, 2.GFSK, camw. FEC 112 K7, 0SSS SF4, T 0o Mz, R BW. 34 47) (Reease Candaste) ceadton i
b Settings for 431 - 527 Mtz bang mosiaten o224
symeofe xd080008
B sz
preasCont ot
4 oxd0a0
ety oxd008
Power el
PhisgOverrte 0x00060080.
cemterneg oxd3e4
ifreq ous00s
. o0t

PeckatCount [ 100 |[] mtiae
Length Conf  Vrisbie =

T T
Sypcwens | L5
1] [s3]fon] 51 [oe)| % | |ER[Emamescier eossr oo s Te med v ss 5 e de Bl m R
Prenmie Count | 4Byies | Syncviord Langen 3280 = [ Addess

Preasiie lode: | Send 0 03 the frst preantie k&

[ A Seq Mumber

P
) un0om | 1 e 5008 c1 87 1010807 8 60 2008 75 1068 1453451017 g 1t 48858500

O ij
O nex

Sentpacaes .
[om—— o08.00000 wiz
et o s
[ asvances St
ot Connactes ©ftne uose Ras S

Figure 41. Using SmartRF Studio to Find New Settings

After changing the output power by modifying the smartrf_setting.c file, as shown in Figure 42, the
measurements were repeated.

W5 EnengyTeace - PacketTs_ CC1352R1 LAUNCHIL tinos_ces/smart_settings/smart_settings. - Code Cemposer Studie
Fle [dt Yew Projed Took Bun Srpts Window bHelp

= = . P &0
2 Progect Eplorer = &
5 rfPacketTx CCTI52RY_LAUNCHXL tirtos cos [Active - Debug)

& Binaries

& CCIBS2RI_LAUNCHAL fans.c

& CCI352M1_LAUNCHI_TIRIOS i
£ CCUSZRI_LAUNCHALG

B CCLISRI LAUNCHALA

ma
< {5 titos ks CCIIS2RY LAUNCHOL seeni s
5 inchodes
5 Debug
o

makefe. defs
@ READMERm!

README md

—°

LspnthConf .refFreq = 8x8,
- dumey® - o0,

Figure 42. Modifying the smartrf_settings.c File
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Figure 43 shows the current profile for transmitting a packet achieved with using EnergyTrace. It shows a
TX power consumption at +10 dBm (3.3 V) of 14.78 mA. Figure 44 shows the same profile, captured using
the DC Power Analyzer. It shows a current consumption in TX of 14.4 mA. The data sheet numbers [7] for
TX at +10 dBm is 14.3 mA.

Even if the numbers you get when using EnergyTrace is not as accurate as the ones obtained with the DC
Power Analyzer, the numbers will be very useful when estimating current consumption for an application.

=

S @ v

§' Search P Energy B Current

2 EnergyTrace™ Technology &,

Figure 43. Current Profile of TX (EnergyTrace)

Fle Edit Tools Scope Hep @ \/ scope J»  Data Logger CCDF M are

§

=

0 0001953 003906 0011719 0013672

<4

fanges. | AvToscae| (7 | @ | &

Marker 1 Measurements Between Markers Marker 2
8.067 ms A=-6448ms Freq= 155092 Hz 1.619 ms
Peak to Peak Charge / Energy

26nAh

Avg Max RMS
14.496103 mA 14.489804 mA 14.997702 mA 14.48994 mA 598.902 pA 14.495173 mA

~ Period: 5y Trigger - Siope: & Level 7mA
ourpur:

ﬂ\.w 1[0
Figure 44. Current Profile of TX (DC Power Analyzer)

It is not possible to accurately measure the Standby current when using EnergyTrace, but you can still use
it to verify that the device is in Standby.

As described in Section 2, the CC13x2/CC26x2 have a built-in comparator that gives the optimal recharge
interval at any time. In the previous measurements, no re-charge pulses have been seen.

If the packet interval, and hence the time in Standby, is doubled the recharge pulses should appear. In the
rfPacketTX example, this can easily be done by including the POWER_MEASUREMENT define in
rfPacketTx.c.
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The packet interval is then changed from 500 ms to 5 s. The PACKET_INTERVAL also needs to change
from 5 to 1.

/* Do power measurement */
#define POWER_MEASUREMENT

/* Packet TX Configuration */

#define PAYLOAD_LENGTH 30

#ifdef POWER_MEASUREMENT

#define PACKET_INTERVAL 1 /* For power measurement set packet interval to 1 s */
#else

#define PACKET_INTERVAL 500000 /* Set packet interval to 500000 us or 500 ms */
#endif

With these modifications, the re-charge pulses are easy to identify during the time in Standby (see
Figure 45).

2 EnergyTrace™ Technology [ Energy [ Current 53 Qe Q- v=0o

Recharge

Standby Standby

Figure 45. Recharge Pulses

For the average current consumption of an application, it is very important that the device always enters
the lowest possible power mode. If, for some reason, there were things in the rfPacketTX examples that
prevented the device from entering Standby in-between packets, the average current consumption would
increase significantly. For the current profile shown in the previous code example, the average current
consumption is 0.1 mA (see Figure 46).

1D EnergyTrace™ Technology §2 4 Search [ww Energy [ Current

EnergyTrace™ Profile

Name Live
v System
Time 5 sec
Energy 1.538 mJ
v Power

Mean 0.3384 mW
Min 0.0000 mW
Max 50.7862 mW

~ Voltage
Mean 3.3000V

~ Current
Mean 0.1026 mA
Min 0.0000 mA
Max 15.3898 mA

Battery Life CR2032: 89.4 day (est.)

Figure 46. Average Current Consumption When Device Enters Standby
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To see how the current consumption will look like if the device is not entering Standby, a power constraint
is set to disallow this power mode. This can be done with the following modification:

#include <ti/drivers/Power_h>
#include <ti/drivers/power/PowerCC26X2.h>

void *mainThread(void *argO0)
{

RF_Params rfParams;
RF_Params_init(&rfParams);

Power_setConstraint(PowerCC26XX_SB_DISALLOW); // Prevent the device from entering Standby

Figure 47 shows what the current profile looks like, with an average current consumption of 1 mA (see
Figure 48).

1 EnergyTrace™ Technology 4 Search [u Energy P Current 55 SR T =0

Figure 47. IDLE State Between Packets

£ EnergyTrace™ Technology £2 4 Search |ws Energy | Current
EnergyTrace™ Profile

Name Live
v System
Time 5 sec
Energy 16.869 mJ
~ Power
Mean 3.7128 mW
Min 1.8755 mW
Max 49.4523 mW
v Voltage
Mean  3.3000V
~ Current
Mean 1.1251 mA
Min 0.5683 mA
Max 14,9855 mA

Figure 48. Average Current Consumption When Device Does not Enter Standby
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(http://lwww.ti.com/tool/launchxl-cc1352r1)

21. SimpleLink™ Multi-Band CC1352P Wireless MCU LaunchPad™ Development Kit
(http://www.ti.com/tool/launchxl-cc1352p)

22. CCS Integrated Development Environment: (http://www.ti.com/tool/ccstudio)

23. BLE5-Stack User's Guide:
(http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC26X2%20SDK%2FDocuments%2FBLES
-Stack%2FBLES5-Stack%20User's%20Guide)

24. Bluetooth Power Calculator Tool: (http://www.ti.com/tool/bt-power-calc)
25. SmartRF™ Studio: (http://www.ti.com/tool/smartrftm-studio)

26. CC13x2 Proprietary RF User’s Guide:
(http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC13x2%20SDK%2FDocuments%2FPropri
etary%20RF%2FProprietary%20RF%20User's%20Guide)

© N gk wDdN

36 Measuring CC13xx and CC26xx current consumption SWRA478D—February 2015—Revised January 2019

Submit Documentation Feedback
Copyright © 2015-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWRA478D
http://www.ti.com/lit/pdf/swru393
http://www.ti.com/lit/pdf/swru393
http://www.ti.com/lit/pdf/SWCU117
http://www.ti.com/lit/pdf/SWCU185
http://www.ti.com/lit/pdf/SWCS181
http://www.ti.com/lit/pdf/SWRS210
http://www.ti.com/lit/pdf/SWCS183
http://www.ti.com/lit/pdf/SWRS196
http://www.ti.com/lit/pdf/SWRS192
http://www.ti.com/lit/pdf/SWRS192
http://www.ti.com/lit/pdf/SWRS176
http://www.ti.com/lit/pdf/SWRS204
http://www.ti.com/lit/pdf/SWRS194
http://www.ti.com/lit/pdf/SWRS158
http://www.ti.com/lit/pdf/SWRS207
https://store.ti.com/default.aspx
http://www.ti.com/ble-stack
http://www.iar.com/Products/IAR-Embedded-Workbench/ARM/
http://www.ti.com/tool/launchXL-cc2650
http://www.ti.com/tool/launchXL-cc2650
http://www.ti.com/tool/launchxl-cc2640r2
http://www.ti.com/tool/launchxl-cc26x2r1
http://www.ti.com/tool/launchxl-cc1352r1
http://www.ti.com/tool/launchxl-cc1352p
http://www.ti.com/tool/ccstudio
http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC13x2%2026x2%20SDK%2FDocuments%2FBLE5-Stack%2FBLE5-Stack%20User's%20Guide
http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC13x2%2026x2%20SDK%2FDocuments%2FBLE5-Stack%2FBLE5-Stack%20User's%20Guide
http://www.ti.com/tool/bt-power-calc
http://www.ti.com/tool/smartrftm-studio
http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC13x2%2026x2%20SDK%2FDocuments%2FProprietary%20RF%2FProprietary%20RF%20User's%20Guide
http://dev.ti.com/tirex/#/?link=Software%2FSimpleLink%20CC13x2%2026x2%20SDK%2FDocuments%2FProprietary%20RF%2FProprietary%20RF%20User's%20Guide

13 TEXAS
INSTRUMENTS

www.ti.com Revision History

Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from C Revision (January 2017) to D Revision Page

e The complete document has been updated to cover the CC13x2/CC26x2 devices and references to the old hardware has

LTS o I =T 010 1Yo 1
LI Yo [0 [= o B L= = Tox 1 T 27
SWRA478D—-February 2015—-Revised January 2019 Revision History 37

Submit Documentation Feedback
Copyright © 2015-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWRA478D

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com

	Measuring CC13xx and CC26xx current consumption
	1 Introduction
	1.1 Acronyms

	2 Standby
	3 Understanding Bluetooth Low Energy Power Metrics
	4 SimpleLink Bluetooth Low Energy Wireless MCUs
	5 Power Measurement Setup – Preparing the DUT
	5.1 Requirements
	5.2 Embedded Software
	5.3 Hardware
	5.3.1 CC26x2R LaunchPad

	5.4 BTool (Optional)

	6 Measuring Power Consumption With a DC Power Analyzer
	6.1 Test Setup
	6.1.1 Analysis Software Setup

	6.2 Measurement Using Scope
	6.3 Analysis
	6.3.1 Advertising Event
	6.3.2 Connection Event
	6.3.3 Power Consumption Calculator


	7 EnergyTrace
	7.1 Modifying the rfPacketTX Example

	8 References

	Revision History
	Important Notice

