IoT Device Battery Life Test Solutions Catalog

TA B L E O F C O N T E N T S

03

Introduction

04

Key Challenges in Battery Life Test

05

The Spectrum of Design and Test Needs

28

Battery Life Solutions

30

Keysight Helps Advance Your Mission-Critical IoT

IoT Device Battery Life Test Solutions Catalog | 2

Introduction
In mission-critical applications, failure of an IoT device battery
is not an option. Finding the optimal balance between battery
protocol and software functionality to get reliable performance
and service life requires in-depth understanding of battery life
and current drain.
With its many current and power measurement technology
patents, Keysight Technologies has extensive experience in
making these measurements.
Let’s explore Keysight’s hardware and software test solutions
that can help extend the battery life in your designs.
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Key Challenges in Battery Life Test
The ability to last a few years between battery replacement is no longer

I

sufficient for most IoT devices. Instead, users now expect a ten-year battery

Active
current pulses

life for many applications.

100 mA
Idle
current pulses

Sleep current

sub-μA

t
To meet these expectations, chipset designers structure ICs with deep sleep modes
that consume minimal current. Standards groups are defining new low energy operating
modes that combine low RF power levels and simple connection protocols to limit
the active operation time. Engineers, however; may face design challenges when
integrating the protocols into their devices, including:
•

extreme low levels of current in sleep mode

•

significant amplitude shifts in active mode

•

narrow pulses requiring high bandwidth

•

numerous connections to the DUT that can impact results

•

complex power consumption analysis (event versus power consumption)

Current draw by a wireless blood
pressure monitor
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The Spectrum of Design and Test Needs
At different product lifecycles, diverse test needs arise.
•

The chip or module designer requires a fast evaluation of power consumption in
various device operating states or module firmware operations.

•

The product designer must accurately know overall power consumption
throughout the hardware and software development process for power supplies,
analog and mixed-signal components, including digital and RF subsystems.

•

The manufacturing test department must verify device functionality before it ships.

These different test scenarios challenge the engineer to make measurements with
varying levels of detail at each step of the development process. What follows
is information on the various Keysight products you can use for your battery life
measurements, regardless of where you are in the product lifecycle.
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TRUEVOLT 34470A DIGITAL MULTIMETER
Product designers can perform basic current measurements with an instrument
already on their bench — a digital multimeter (DMM). In digitizing mode, the
Keysight Truevolt 34470A digital multimeter can sample current at high rates and
generate numerical or graphical results to analyze waveform features.
The Truevolt 34470A manages high common-mode voltages and brief, high-current
transients. This capability enables you to measure circuits without ground reference
and zooms in on low current states to make accurate sleep-mode measurements.
•

Measure with confidence, with a high basic DCV accuracy at 16 ppm.

•

Test low-power devices with a 1 µA range and pA resolution.

•

View results using the histogram, bar, and trend charts on the 4.3-inch color
graphical display for easy monitoring and statistical analysis.

•

Get digitizing and advanced triggering to capture transient measurements.

•

Receive a Keysight BV0001B PathWave BenchVue software license that comes
with your instrument.

Precise current measurement and highspeed digitization give you waveform
insights from a simple tool that is probably
already on your bench.
MAKE SIMPLE DC POWER MEASUREMENTS
WITH A DIGITAL MULTIMETER
Learn more

34470A 7.5-digit DMM
REQUEST A QUOTE
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BenchVue Digital Multimeter Control
and Automation software
REQUEST A FREE TRIAL

PATHWAVE BENCHVUE DIGITAL MULTIMETER
CONTROL AND AUTOMATION APPLICATION
Keysight’s PathWave BenchVue Digital Multimeter Control and Automation

•

Log and export data rapidly to popular export tools, such as MATLAB,
Microsoft Excel, or Word for further analysis in only a few clicks.

•

Access your DMM remotely and control tests easily with the companion
BenchVue mobile application to monitor or respond to long-running tests
from anywhere, anytime.

•

Experience deeper instrument controls with Keysight’s Command Expert
integration software.

software lets you easily control your DMM and acquire log measurements for
quick analysis.
•

•

Connect, control, and display measurements, charts, tables, or histograms
quickly from a single instrument or multiple multimeters to correlate trends
you might otherwise miss.
Build custom test procedures or sequences rapidly.

Bluetooth® and the Bluetooth® logos are registered trademarks owned by Bluetooth SIG, Inc., and any use of such marks by Keysight Technologies is under license.
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N2820A HIGH-SENSITIVITY CURRENT PROBE +
KEYSIGHT INFINIIVISION MSOX6004A MIXED
SIGNAL OSCILLOSCOPE
When used with a Keysight oscilloscope, the Keysight N2820A high-sensitivity
current probe measures current at the circuit, subcircuit, or component level.
More accurate and repeatable than a clamp-on current probe, you simply enter
the current sense resistor’s value, and the oscilloscope scales the signal and
displays the results with appropriate units.
Coupling the measurements of the N2820A probe with the oscilloscope’s
triggering, digital bus monitoring, and protocol decoding results enable you to
measure energy consumption in context with other system activities, such as
component current consumption and firmware functions.
•

Measure current as small as 100 nA or as large as hundreds of amps.

•

Test sleep, active, and in-rush current quickly and simultaneously with a
20,000-to-1 dynamic range.

•

Make measurements in extreme temperature environments from -55 to
150 °C.

•

Use it with any Keysight oscilloscope with a 1 MΩ input.

•

Gain flexibility by using the probe with any current sense resistor, from 1
mΩ to 1 MΩ.
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Add an easy-to-use current probe with
make-before-break technology so you
can quickly analyze current flow at various
points in your circuit.
BATTERY DRAIN ANALYSIS FOR LOW POWER IoT DEVICES
Learn more

N2820A high-sensitivity
current probe
REQUEST A QUOTE
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D9010UDAA USER-DEFINED APPLICATION SOFTWARE
The Keysight D9010UDAA user-defined application (UDA) software is a fully
customizable automated test application for your device’s current analyzer or
Keysight’s Infiniium or InfiniiVision oscilloscope. It provides full automation,
including the ability to control other test and measurement devices.
The D9010UDAA software provides a unique mix of flexibility and ease of use.
For even greater convenience, the application software offers the same look
and feel of Infiniium’s world-class compliance applications such as USB 3.0 and
SATA 6G.

User-defined application software
REQUEST A FREE TRIAL
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B2900 SERIES PRECISION SOURCE MEASURE UNIT
The Keysight B2900 Series precision source / measure unit (SMU) is a
cost-effective solution that provides precise measurement of low voltage
and current. A two-channel B2900 Series precision SMU reduces wiring
complexity as it replaces two DC voltage sources and two DMMs.
The design or validation engineer can develop tests using the SCPI
programming language, which can then be reused when the B2900 SMU
is integrated into production test systems. A limit test feature lets the
instrument make automatic pass / fail judgments in production test without
writing a PC-based test program.
•

Flexible and integrated 4-quadrant sourcing and measuring capabilities.

•

Extensive measurement range from ±210 V, ±3 A (DC), ±10.5 A (pulsed).

•

Comprehensive source and measurement resolution down to 10 fA
and 100 nV.

•

User-friendly front panel graphical user interface (GUI) with a 4.3-inch
color LCD display that supports both graphical and numerical view modes.

•

Broad 10 µs digitizing capability.

B2900 Series precision source / measure unit
REQUEST A QUOTE

A single instrument for sourcing and
measuring low voltage and current with
great precision and accuracy to use on a
bench or in a production test rack.
BATTERY DRAIN ANALYSIS FOR LOW POWER IoT DEVICES
Learn more
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SOFTWARE FOR THE B2900 SERIES PRECISION SOURCE / MEASURE UNIT (SMU)
Beyond SCPI, the B2900 Series precision source / measure SMU has several
remote-controlled options available at a minimum or no cost.

Solution

Benefit
• Create automated test sequences with
minimal instrument knowledge quickly.
• Control instruments, automate tests,
and perform in-depth analysis with the
intuitive interface.

REQUEST A FREE TRIAL

B2900A quick IV
measurement software

• Configure up to four SMUs easily and
perform IV measurements that display results
in tables and graphs without programming.

REQUEST A FREE TRIAL

EasyEXPERT group+ device
characterization software

• Perform complex device characterization
immediately with the software and its readyto-use measurements (application tests).
• Organize and store test conditions
automatically, including device measurement
data in a unique built-in database.

REQUEST A FREE TRIAL

BV0003B PathWave
BenchVue software
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N6705C DC POWER ANALYZER AND N6781A / N6785A
SOURCE / MEASURE UNITS
The Keysight N6705C DC power analyzer and N6781A / N6785A source /
measure units (SMUs) enable fast and accurate power consumption analysis.
The N6705C power analyzer provides a platform for power, waveform capture,
and long-term current drain data logging. It then performs an analysis and
displays the results in a large color display.
The N6705C power analyzer and N6781A / N6785A SMUs simplify the
characterization of IoT device current consumption through patented, seamless
current ranging technology to measure dynamic currents. This capability enables
designers to make measurements without writing a single line of code.
•

Measure a wide range of current from nA to A in one pass.

•

Function as both a current / voltage source and e-load.

•

Realize high accuracy for low current measurements; use with high-power
IoT devices.

•

Minimize transient voltage drop for pulsed currents drawn by wireless devices
with a fast-transient response.

•

Gain detailed measurement insight with a 200 kHz sampling rate.

EMULATE THE BATTERY FOR MORE REALISTIC MOBILE DEVICE TEST RESULTS
Learn more
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A single instrument for sourcing and
measuring current gives you insight into
your signal quickly so you can move your
test program into production using the
same SMU module.

N6705C DC power analyzer
REQUEST A QUOTE

N6781A / N6785A source /
measure units
REQUEST A QUOTE
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PATHWAVE BENCHVUE BV9200B AND BV9201B ADVANCED CONTROL
AND ANALYSIS SOFTWARE
Keysight’s BV9200B and BV9201B lets you easily connect and access your
power supply’s advanced sourcing and measurement feature and enable shortterm and long-term device current drain analysis with or without real battery
•

Measure battery run-down performance with its accurate long-term current
measurement.

•

Configure graphically to create three modes of analysis: scope (short-term
waveform capture), data logger (long-term waveform capture), and CCDF
(statistical analysis).

•

Create complex waveforms to stimulate or load down a device under
test (DUT) by inputting a formula and choosing from built-in or importing
waveform data.

•

Choose options for a single instrument or four instruments.

BV9200B and BV9201B advanced control
and analysis software
REQUEST A FREE TRIAL
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PATHWAVE BENCHVUE BV9210B / BV9211B ADVANCED BATTERY TEST
AND EMULATION SOFTWARE
•

Benefit from a range of advanced control capabilities — cut-off conditions,
capacity rating, state of charge, constant or dynamic level selection, pulse
width control, and protection settings.

one or more of Keysight’s two-quadrant power supplies.

•

Log voltage, current, and capacity from seconds up to days.

•

•

Use the charge/discharge feature to validate battery capacity.

•

Create complex loading characteristics when using the profiler to generate a
battery model from built-in sequences or importing a .csv file.

The Keysight Pathwave BenchVue BV9210B / BV9211B advanced battery test
and emulation application software provides a test environment for you to easily
run battery tests, generate battery models, and perform battery emulation using

•

Control any combination of up to four N6705C DC power analyzers with
N6781/82/84/85/86A SMU modules, Keysight N7900 Series advanced power
supply, or Keysight’s RP7900 Series regenerative power supply.
Test your battery’s characteristics with a wide emulation range — up to 200
kW and 2000 V.

BV9210B and BV9211B advanced battery test
and emulation software
REQUEST A FREE TRIAL
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X8712A IOT DEVICE BATTERY LIFE
OPTIMIZATION SOLUTION
The Keysight X8712A IoT device battery life optimization solution
combines the N6705C DC power analyzer, SMU modules, RF event
detector, and dedicated software to provide an integrated solution for
IoT device developers to maximize battery life quickly and effortlessly.
The X8712A solution measures the total power consumption of
an IoT device. It captures RF and DC events from the device and
synchronously matches them to current consumption waveform
events. The powerful analytic software then automatically breaks
down current consumption by key subsystem events and estimates
battery life.
•

Measure a wide range of current, from nA to A, in one pass.

•

Capture fast-changing current waveforms, from low-sleep-mode
to high-active-mode currents accurately, to give you the total
power consumption.

•

Detect design weaknesses by quickly identifying events
consuming the most current.

•

Simplify battery life estimation with automated and powerful
analytic software.

APPLICATION NOTE: HOW TO MAXIMIZE THE BATTERY LIFE OF YOUR
PORTABLE IOT DEVICES
Read application note
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A complete solution that gives you deep
insights into the total power consumption
based on the RF and DC events of your
IoT device.
X8712A IoT device battery life
optimization solution
REQUEST A QUOTE
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PATHWAVE EVENT-BASED POWER ANALYSIS
SOFTWARE
PathWave KS833A2A event-based power analysis software captures and
displays the charge consumption profile at the subsystem level as your device
transitions through various operating states. It then estimates your device’s
battery life based on the profile, helping you identify the contribution of the
various subsystems to the current draw.
•

Identify critical RF or DC events from each of your device’s subsystems to the
current consumption using autocorrelation.

•

Capture and display your device’s dynamic current consumption as it
transitions between different operating states (sleep / active mode) with the
X8712A’s powerful hardware.

•

Analyze your device’s current consumption profile based on RF or DC events,
including battery life estimation, total charge, complementary cumulative
distribution function (CCDF) curve, and more.

•

Measure and save data for up to eight days.

•

Gain support for various radio technologies — Bluetooth® 5.0, wireless LAN,
Zigbee, NB-IoT, LoRa, and Sigfox.

PathWave KS833A2A event-based power
analysis software
REQUEST A QUOTE

Bluetooth® and the Bluetooth® logos are registered trademarks owned by Bluetooth SIG, Inc., and any use of such marks by Keysight Technologies is under license.
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CX3300A SERIES DEVICE CURRENT WAVEFORM
ANALYZER
The Keysight CX3300A Series current waveform analyzer is an all-in-one
measurement and analysis solution to solve your power rail, power delivery
network, and power integrity challenges. The CX3300A Series integrates an
oscilloscope’s bandwidth and sampling rate, a DMM’s sensitivity, and a data
logger’s extended duration measurement recording to reveal accurate current
and voltage waveforms.
The CX3300A Series achieves mission-critical power and current consumption
reductions by precisely measuring previously unmeasurable wideband, lowlevel current waveforms.
•

Cover sleep to active mode with a single measurement.

•

Gain excellent visibility into the dynamic current waveform in sleep mode
using ultra-low noise current sensors.

•

Estimate power consumption by capturing the voltage waveform of a
device under test.

•

Obtain insight with built-in analysis tools designed to improve
characterization and debugging efficiency without requiring external
analysis tools.

•

Identify and analyze intermittent signals and events with anomalous
waveform analytics, a machine learning technology.

THE CX3300A UNVEILS CURRENT WAVEFORM NEVER
SEEN BY CONVENTIONAL CURRENT PROBES
Read application note
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A user-friendly instrument that provides
dynamic current waveform with extraordinary
accuracy to give you fast insights into your
battery drain power budget.
CX3324A device current
waveform analyzer
REQUEST A QUOTE
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CX3300APPC CURRENT WAVEFORM ANALYTICS SOFTWARE
CX3300APPC current waveform analytics software provides the CX3300A’s power
analysis capabilities offline, including a waveform analytics feature, math functions,
fast Fourier transform (FFT), CCDF, power / current profiler, trend analyzer, and more.
It enables post-measurement analysis tasks without the instrument, accelerating the
entire research and development process.
•

Take advantage of offline analysis to accelerate the debugging process.

•

Identify anomalies quickly with accurate waveform analytics.

•

Get all analysis capabilities on your PC.

CX3300APPC current waveform
analytics software
REQUEST A QUOTE
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BT2191A SELF-DISCHARGE MEASUREMENT SYSTEM
Keysight’s Self-Discharge Measurement System delivers a revolutionary
reduction in the time required to measure cell self-discharge current.
This potentiostatic measurement system has the characteristics needed for
quickly making the direct current measurement:
•

•

Minimum disturbance of the cell
-

The voltage applied to the cell is quickly matched (±5 μV) to the actual
cell voltage. This minimizes any new charge or discharge and thus limits
any new RC settling to a minimum.

-

The voltage applied to the cell is very stable (±10 μVpk) to minimize
continuing charge redistribution current noise on the self-discharge
current measurement.

Accurately measures low-level self-discharge currents to ±(0.025% of reading
+ 100 nA).
-

The system also measures the cell temperature. This allows you to see
how cell voltage and self-discharge current vary with temperature.

34465A DMM and
34470A DMM

Temp
BT2192A Self-Discharge
Measurement System Software

COMPLETING LI-ION CELL SELF DISCHARGE
TESTING IN JUST TWO HOURS

SMU DMM

UI/visualization

Cell DMM

+

Read success story

Test control/
results logging
Measurement
algorithm
Instrument
control

SMU

N6705C DC Power Analyzer with
N6782A 2-Quadrant source measure unit
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BT2192A SELF-DISCHARGE MEASUREMENT SOFTWARE
•

Measures and records cell self-discharge current, cell voltage, cell temperature

•

Recalls previously stored measurements for display and analysis.

•

Exports recorded data to Microsoft Excel (xlsx file)

•

Matching function measures initial cell voltage and adjusts applied voltage to
match so an accurate self-discharge measurement is obtained more quickly.

•

Allows the user to adjust the effective total resistance value (including the
physical resistor) in series with the cell. This allows the user to select a total
resistance value to optimize the RC settling time of the measurement.

TEST RESULTS FOR GOOD 18650 CELL: MEASURED STABLE
SELF-DISCHARGE CURRENT OF 9.08 µA AT ~1.5 HOURS
REQUEST A QUOTE
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BT2152B SELF-DISCHARGE ANALYZER
The Self-Discharge Analyzer accurately measures cell self-discharge current and
cell voltage. Depending on the characteristics of the cells, measurements are
directly made in minutes or hours instead of taking days or weeks using opencircuit cell voltage measurements to indicate which cells are good vs. bad.
•

Quickly & accurately measure self-discharge current up to 32 cells

•

Measure self-discharge current value in 1-2 hours

•

Discern good vs. bad cells in < 30 minutes

Get dramatic reductions in work-in-process, working capital and
facility costs with revolutionary good vs. bad cell self-discharge
performance test.

EVALUATE SELF-DISCHARGE OF LITHIUM-ION CELLS IN A
FRACTION OF THE TIME TRADITIONALLY REQUIRED
Read application note
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BT2155A SELF-DISCHARGE ANALYSIS SOFTWARE
The BT2155A controls one BT2152B Self-Discharge Analyzer, measuring and
recording up to 32 channels of Li-Ion cell self-discharge current and cell voltage.

Main capabilities:
•

Measures and records cell self-discharge current & voltage using the
BT2152B Self-Discharge Analyzer

•

Controls the analyzer’s channel configurations, measurement settings,
test duration.

•

Logs measurement data on all channels (current & voltage), and
temperature on one group of up to 32 cells.

•

Saves & loads measurements (test data and setup information) for
display and analysis.

•

Exports recorded test data to csv file.

The software configures the analyzer’s channel settings, such as initial voltage
& current matching, channel limits (OVP, OCP, UVP), measurement intervals, and
test duration.

RESULTS FROM 4-HOUR TEST OF 18650 CELLS
REQUEST A QUOTE
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BT2200 CHARGE-DISCHARGE PLATFORM
The BT2200 charge-discharge platform is cost-effective and easily configurable for
Li-Ion cell formation and lifetime cell cycling.
You can easily deploy different channel configurations as your cell requirements and
capacities change; simply use the same charge-discharge modules and change the
external wiring connections to create new parallel combinations of channels.
•

Reduce net energy consumption with highly efficient AC power regeneration
during cell discharge.

•

Perform accurate four-wire measurements of current, voltage, and capacity.

•

Define and program eight unique sequences consisting of charge, discharge, and
rest steps per system through either USB or LAN.

•

Monitor user-defined test conditions during individual sequence steps.

Providing customizable and flexible cell manufacturing
formation and test.

THE ABCS OF LITHIUM-ION CELL MANUFACTURING
Read blog
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Battery Life Solutions
Solution

34470A
digital multimeter

N2820A
current probe

B2900
Series SMU

N6705C
DC power
analyzer
N6781A SMU

X8712A
IoT device battery life
optimization solution

CX3300 Series
device current
waveform analyzer

Benefit
•
•
•
•
•

Low-cost, readily available solution
High precision up to 7.5 digits
Quick measurements of static, low- or high-level currents
Fast digitizing mode for capturing waveforms up to 10 kHz at 4.5 digits
Compact form factor fits easily into rack

Tip

• Sample current at high rates for waveform insights
• Use during manufacturing test for basic functionality test

• High sensitivity and high dynamic range
• Excellent bandwidth for fast-changing signals up to 3 MHz
• Flexible triggering

• Analyze current flow at various points in your circuit to
understand the effects of software or firmware changes on
power consumption

• Excellent precision; minimum 10 fA / 100 nV sourcing and measuring
resolution
• Convenient built-in source gives you:
- Zero burden voltage
- No droop
- Simplified wiring
• Compact form fact or fits easily into rack
• Quick I/V measurement software provides measurement insights

• Simulate battery and measure battery current drain for deep
insights into device applications
• Develop tests using SCPI programming language during
design stage
• Reuse tests when integrated into production test systems.

• Seamless patented ranging; measure nA to A in a single pass
• Accurate emulation of a battery

• Use for battery drain analysis for your IoT device
• Simulate battery and measure battery current drain with the builtin power supply
• Reuse modules and programs during manufacturing test with the
N6700 Series mainframe

• Comprehensive ranging; measures nA to A in a single pass
• Built-in source provides:
- Zero burden voltage
- No droop
- Simplified wiring
- Early detection and identification of design weaknesses

• Analyze power consumption of an IoT device down to
subsystem level
• Simulate battery and measure battery current drain with the
built-in power supply
• Estimate battery runtime for your IoT device

• Displays low-level current waveforms that were previously
undetectable
• Evaluates dynamic current signals up to 140 MHz (includes probe
bandwidth), 14 or 16 bits
• Measures fast signals, low to high currents
• Comes with integrated measurement categories: time, current levels,
area, CCDF, and much more
• Provides current consumption at a specific event or status using the
automatic current and power profiler

• Take current profile measurements of sub-circuit, IC, or power
lines inside an IoT device
• Characterize the device with wide bandwidth IC in-rush current
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Solution

Benefit

BT2191A and BT2192A SelfDischarge Measurement System
and software

• 0.025% current measurement accuracy for discharge currents up to
10 mA
• 0.0016% cell voltage measurement accuracy for cell voltages up to 4.5V
• ± 10 μVpk source voltage stability (typical).
• System accurately measures self-discharge current in minutes or hours.
• Software for control, graphing, logging, data storage

Characterize self-discharge current in minutes or hours instead of
days or weeks to quickly evaluate the self-discharge behavior of
cell designs

BT2152B and BT2155A SelfDischarge Analyzer and analysis
software

• Quickly & accurately measure self-discharge current of up to 32 cells
• Measure self-discharge current value in 1 to 2 hours
• Discern good vs bad cells in < 30 minutes with built-in noise
reduction algorithms.
• Select a total resistance value to optimize the RC settling time of the
measurement and the test time

Carry out good vs. bad cell self-discharge performance test easily

BT2200 Charge-Discharge
Platform

• Flexibility to configure multiple tests concurrently
• Easily include new test parameters to remove defective cells early in
the cell formation process without disrupting the rest of the cells under
formation and test
• Highly efficient AC power regeneration capabilities, which recycles
electricity back to the grid during the cell discharge process to reduce
net energy consumption
• Compact form factor which allows more production floor space for future
line capacity expansion needs.

Tip

• Reliable cell formation solution to handle production ramp-up
• Ability to reuse existing pouch cell formation fixtures
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Keysight Helps Advance Your
Mission-Critical IoT
You can count on Keysight as a partner to advance your mission-critical IoT.
With more than 70 solutions, Keysight helps you build with confidence, robust
and secure IoT products.
For a complete list of IoT design and test solutions, read Keysight’s Design and
Test Solutions for the Internet of Things solutions brochure.
Learn more at www.keysight.com/find/IoT
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