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T H E  C H A L L E N G E S  F R O M  R & D ,  M A N U F A C T U R I N G  T O  D E P L O Y M E N T

Energy Efficiency Multi-Technologies & Standards

Interference, Compliance, Regulatory test Signal and Power Integrity

NFC

WiFi

ZigBee

Bluetooth

4G/LTE/5G

LPWAN

IoT devices

IoT 

device 

Mobile 

phone

AC wall 

plug

AM 

Radio

• Maximize battery run time

• Design trade off:

• Battery type & capacity

• Processing power

• Component size & quality

• Cost

• Firmware behaviour

• Reflections / crosstalk

• Impedance mismatch

• Excessive losses and noise

• Unwanted transients

• Voltage drops

• Overheating

• Jitter, clock and data error

• Radiated emission

• Radiated immunity

• Conducted emission

• Conducted immunity

• Spectrum regulatory

• Complex testing

• Fast evolving standards

• Device interoperability

• Inter and intra-device interference

• Wireless coexistence
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• IoT Device Operation Basics

• IoT Power Measurement Challenges

• IoT Sourcing Requirements

• Gaining Insights for Optimizing Battery Run-Time

• Analyzing & Optimizing Power Savings

• Keysight Solutions for IoT Power Measurements
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Mobile devices
Portable Medical/Fitness

Zigbee, WLAN, BT, GPS

Digital Camera’s

Battery life is one of the main consumer concerns when choosing a handset

IoT

http://www.l1id.com/index.php?option=com_content&task=view&id=34&Itemid=170
http://www.image-acquire.com/wp-content/uploads/2009/05/hddv26002.jpg
http://www.google.com/imgres?imgurl=http://www.kashina.net/products/mouse & keyboards/Wireless Mouse.jpg&imgrefurl=http://www.kashina.net/memory.htm&usg=__25NCzA2zemHk2Da5NUSbxp7gRWU=&h=325&w=285&sz=12&hl=en&start=8&zoom=1&tbnid=19_QHUnMknvddM:&tbnh=118&tbnw=103&ei=rCmXTtC-EuLTmAWhpbCWAg&prev=/search?q=wireless+mouse&hl=en&gbv=2&tbm=isch&itbs=1
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• In integration and validation run 

suites of benchmark tests

• run suites of benchmark tests
• Validate battery drain for all required 

operational modes

• Validate operating time with product’s 

battery (battery run-down test)

• In software development validate 

new code builds

• Run application code regression 

test suites, assess impact on 

battery drain

• In hardware development                

• Optimize energy efficiency

Benefits:

• Bring smaller, longer running, more competitive products to market

• Faster time-to-market and at lower expense by reducing development time
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Power

Mgmt.

I/F

RF

Battery

OSC

MCU

Digital
VDD

VDD
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VDD

VDD
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• System designers calculate battery life based on: active, sleep and hibernate currents 

• In real devices, however, the battery life is typically shorter than calculated

• Battery capacity is not fixed. It changes depending on the average discharge current and usage pattern

1,000 mAh Li-ion cell, 3V Cut-off Voltage

Discharge Capacity (mAh)
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Discharge Current (mA)

1,100 mAh Alkaline Cell, 0.9V Cut-off Voltage 240 mAH CR2032 Lithium coin, 2V Cut-off Voltage

Discharge current profile highly affects battery capacity and lifetime



8

Inrush current

H/W and S/W 

operation

Sleep 

current/power 

consumption

Active current/power consumption

Sleep-to-

active 

transition

Active-to-

sleep 

transition

I

t

Active current pulses, ~100mA

Sleep State

~100µA

Deep-sleep state <µA

100 mA

sub-µA

I N T E R M I T T E N T  T R A N S I T I O N S  B E T W E E N  A C T I V E  A N D  S L E E P  S TAT E S
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• Bandwidth

• Waveform digitizing and datalogging

• Measurement functions & analysis

• High dynamic range & current resolution

• DC measurement accuracy

• Low noise floor

• Minimal effect from the test system / 

zero burden voltage

W H AT  I S  N E E D E D  T O  O B TA I N  A N  A C C U R AT E  C U R R E N T  P R O F I L E ?
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1A Range

~ 1µA

DMM best case 16 bits

1A range → 16µA current resolution (
1

216
)

Not resolvable

µA Range

Current Saturation

7 decades of 

dynamic range 

24 bits of 

resolution

1A

~ 1µA

100nA

7 decades of dynamic Range
24 bits of ADC Resolution, 𝐿𝑜𝑔210

7 = 24

Both sleep current and active current 

evaluation are important for power 

consumption reduction.
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100 mA fixed range  → 10 µA offset error

20 µA signal

(50% error)

1 µA (1000% error)

• Accuracy – designates how close a measured value 

is to the true quantity of what is being measured

• Resolution – is the smallest increment the system 

can display or measure

• Precision – The degree to which repeated 

measurements or calculations show the same or 

similar results

D C  A C C U R A C Y,  C O N V E N T I O N A L F I X E D R A N G E  M E A S U R E M E N T S

Range Measurement

Accuracy @23°C ±5°C

Measurement

Resolution (18 bits)

3A 0.03% + 250µA 25µA

100mA 0.025% + 10µA 1µA

1mA 0.025% + 100nA 10nA

10uA 0.025% + 8nA 0.1nALow accuracy, 

Low precision

Low accuracy, 

High precision

High accuracy, 

High precision
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• Main noise sources

• DUT AC impedance and fixture capacitance

• Noise floor of the instrument

Example of signal buried in noise

Range Measurement

Noise

Measurement

Resolution (18bits)

3A 400uA 25µA

100mA 20uA 1µA

1mA 2µA 10nA

10uA 20nA 0.1nA
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• Complexity

• Multiple shunts needed 

• Limited dynamic range 

DC source 

or battery

++

- -

DUT current
DUT

I

𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑉𝐷𝑈𝑇 𝑉𝐷𝑈𝑇 = 𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦

Shunt

𝑉𝐷𝑈𝑇 = 𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦 - 𝐼 ∗ 𝑅𝑠ℎ𝑢𝑛𝑡𝑉𝑠ℎ𝑢𝑛𝑡 = 𝐼 ∗ 𝑅𝑠ℎ𝑢𝑛𝑡

Diff Amp MUX Gain Amp ADC

Data Acquisition Equipment
Data

out+

-

PC to log 

long-term 

data

Excessive peak voltage drop on shunt

risk to power off your device

Typically…

0.1 Ω for 1 A or higher

5 Ω for 100 mA and lower

10 Ω for 1mA and lower

𝑉𝑏𝑢𝑟𝑑𝑒𝑛 = 100 𝑚𝐴 ∗ 10 Ω = 1𝑉

𝑉𝐷𝑈𝑇 = 4𝑉 − 1𝑉 = 3𝑉
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Maximum frequency defined by the

fastest edge speeds.

The frequency where a sine wave is 

attenuated by 3 dB, ~30% amplitude error
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• Datalogging Capabilities

• Log data over hours, days or weeks

• High Sampling Rate

• Sufficient Memory

N = Sample rate x Acquisition time

Example: 1 hour of data acqusition at 50kSa/s 

50kSa/s x 3600s = 180M points

M E A S U R I N G  C U R R E N T  D R A I N  W I T H  B U I LT - I N  D I G I T I Z E R S
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• Load transient response time / Transient recovery time

• Fast up/down-programming capability

• Arbitrary waveform sourcing & sinking capabilities

• Battery emulator mode
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Transient response / load transient recovery time

• Undervoltage can shut down your device

• Overvoltage/over current can kill your device

Up-programming response time

Down-programming response time
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N6781A Battery emulator SMU response to a 

GSM pulse load

• Voltage response and current drain 

comparable to the battery

• Battery emulator SMU set to 150 mΩ

General purpose power supply response to 

a GSM current pulse load

• Voltage response and current drain 

does not match battery

• Instability & overshoot

• 10% higher drain experienced

Actual battery response to a GSM current 

pulse load

• Battery voltage drops proportionally 

with current

• Battery resistance is 150 mΩ

C O M PA R I N G  A B AT T E R Y,  P O W E R  S U P P LY  &  A B AT T E R Y  E M U L AT O R  S M U
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• Output voltage and resistance are reprogrammed to 

simulate the effects of state-of-charge and battery aging

• Battery emulator SMU can simulate battery run-down

• SMU can both source and sink power

• Power supply tends to maintain very low and constant 

output impedance

• Power supply never runs down

• Power supply is a power source, but a battery can both 

source power (as it discharges) and absorb/sink power (as 

it charges)

Power supply is not equivalent to a battery

≠
Battery emulator can simulate a real battery

→

Benefits:

• Reduces test setup time

• Creates a safer test environment

• Provides more repeatable results vs using a real battery during test
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• Arbitrary waveform creation

• Record & play back

• List mode
• One or more voltage or current steps – defined voltage or current values

• Dwell times – duration associated with each voltage or current step

• Repeat count – the number of times you want the list to repeat

• Example: 

• Test an IoT device under different current
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• Specialized for battery drain testing:
• N6781A: 20V, +/3A, +/-20W

• N6785A: 20V, +/-8A, +/-80W

• Innovation: Seamless ranging spans over  7 
decades of measurement from nA to A

• Up to 200 KSa/sec digitizing rate

• Battery emulation DC source

• Zero-burden current measurement operation for 
testing with the battery

• For use in the N6705 mainframe

• Integrates multiple instrument functions into a 

single box:
• 1 to 4 advanced power supplies;

• Digital voltmeter and ammeter

• Arbitrary waveform generator

• Oscilloscope

• Long term data logger

• Full functionality from front panel

N6781A/N6785A 2-Quadrant SMUsN6705C DC Power Analyzer Mainframe

+ +
14585 Software

G A I N  I N S I G H T S  I N  M I N U T E S ,  N O T  D AY S !
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A D D R E S S I N G D Y N A M I C  R A N G E  C H A L L E N G E

Range
Measurement 

Accuracy

8 A

3 A

±(0.04% + 1.5 mA)

±(0.03% + 250 µA)

TRANSMIT / ACTIVE

STATE

100 mA ±(0.025% + 10 µA) IDLE/STANDBY STATE

1 mA ±(0.025% + 100 nA) SLEEP STATE

10 µA ±(0.025% + 8 nA) FIXED RANGE                                    .

S
e
a
m

le
s
s
 R

a
n
g
e
 C

h
a
n
g
e

s

A
m

p
e
re

s

= Seamless range change; no interruption or lost data

N6785A, N6786A ONLY

N6781A, N6782A ONLY

N6781A, N6782A ONLY

Unique Keysight Patented Solution 
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W I R E L E S S  S E N S O R  E X A M P L E :  T E S T  S E T U P

Laptop or PC 

running 14585A 

software

N6705C DC Power Analyzer with 

N6781A Source measure module as a 

battery emulator
DC 

in

Wireless weather station:

Base unit  and wireless 

temperature sensor

DC power 

cable

LAN cable
11:15

78

95

PM
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• 200 µsec resolution provides insights.  600 K-points for 120 sec capture

• 99% of the time is sleep; 7.46 µA average (7.54 µA * 99%)

• 1% of the time is transmit; 86 µA average (8.6 mA * 1%)

• 12,900 Hrs (1.5 yrs) with 1.2A-Hr battery (93.5 µA total drain)

• 14.4 mA pulsed, for determining RF PA Power Added Efficiency (PAE)

T E M P E R AT U R E - H U M I D I T Y  S E N S O R  E X A M P L E

11.7 s/Div 3 mA/Div

3 mA/Div 91 ms/Div

3 mA/Div 11 ms/DivWireless Temp / Humidity Sensor, 38 sec-long, 7.54 µA sleep periods

Dual Transmit Burst

• 1-temp, 1-humidity

• 0.19 sec-long each

• 8.6 mA average 

during burst

Transmit Burst Pulses

• 14.4 mA pulse plateau

• 2 ms pulse duration

• 2.01 mA idle current
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• N6781A or /5A regulates zero volts while measuring current, i.e. zero burden shunt

• Eliminates voltage drop and impedance problems that a shunt causes

• Built-in auxiliary DVM input simultaneously measures battery voltage

• High speed simultaneous voltage and current logging yields key insights on battery capacity and 

discharge and charge management

M O B I L E  P H O N E  E X A M P L E :  T E S T  S E T U P

DUT

battery

DUTBattery current

_

+ +

_ DC out

AC adapter

(when 

charging)

Charge Discharge

+
_

0 Volts

A

Aux in voltage 

measurement

Zero burden ammeter

N6781A

+
_

Vout +  Vout -
S- S+
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Logged min, avg & max volts, amps, & watts

Markers at start and shutdown determine:
• I avg = 233 mA

• V avg voltage = 3.82 V

• Charge = 843 mAh

• Energy = 3.19 Wh

• Run time = 3 hr 38 min

• V shutdown = 3.44 V

Insights:

• Charge used (843 mAh) was less than spec’d (900 mAh)

• Energy used (3.19 Wh) was less than spec’d (3.42 Wh)

• 3.44V shutdown level high (target 3V)

M O B I L E  P H O N E  E X A M P L E :  T E S T  R E S U LT S

N6781A SMU and 14585A software measuring 

battery run-down on a mobile phone

Voltage

Current

Power

14585A
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• CCDF effective for complex current drain signals

• Vertical axis is % occurrence, time-related changes

• Horizontal axis is amplitude, amplitude-related changes

• A (vertical) change of 2.8% of RX at 128 mA               

18% of the power savings

• A (horizontal) change of 11.9 mA of the idle current 

activity (~ 90%)                                                              

55% of the power savings

C O M P L E M E N TA R Y  C U M U L AT I V E  D I S T R I B U T I O N  F U N C T I O N  ( C C D F )

Comparing CCDF profiles of standby current drain, 

continuous RX vs. discontinuous RX

% PDF

value

% CDF = ∫PDF

value

100

% CCDF = 1 – CDF

value

100

What is a CCDF?

0 00

Amplitude changes

Time-related changes
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Power

Mgmt.

I/F

RF

Battery

OSC

MCU

Digital

VDD

VDD

VDD

VDD

VDD

Battery drain

Actuator/

Display

VDD

Sensor
AFE

I/F

• nA current levels

• 10 – 100MHz

• Ultra low power wireless/communication

• MCU/ SoC/IP core/Sensors 

• 10 mA Rx, 18 mA Tx

• 10 nA sleep with brownout detectors disabled

• 50 nA sleep with brownout detectors enabled

• 650 nA sleep with internal RTC

Si10xx Sub-GHz Wireless MCUs

Example
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• Convenient current waveform analysis capabilities: automatic current profiler, cumulative current 

distribution function (CCDF) and fast Fourier transform (FFT) 

E X T E N D  Y O U R  A D VA N TA G E  I N  L O W  P O W E R

Measure currents from 

150 pA to 100 A with up 

to 16 bit resolution

Max 200 MHz wide 

dynamic range with 

1 GSa/s fast sampling

Three current sensor models and 

six sensor head options facilitate 

easy connection to DUTs

Convenient current 

waveform analysis functions
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Ultra low noise current measurements

With shield 

Measuring high bandiwth components

E VA L U AT E  FA S T  I N R U S H  C U R R E N T S ,  S P I K E S  &  S M A L L  S I G N A L S



31

Macro view of IoT device with intermittent states

Detailed view of active state waveform

Upon further expansion of the waveform, more details 

of the state transition can be examined.
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By understanding the relationship between the voltage and current waveforms, you 

can optimize parameters such as the voltage drop caused by the inrush current

T H E  R E L AT I O N S H I P  B E T W E E N  V O LTA G E  A N D  C U R R E N T

Current waveform

Voltage waveform

Vdd drop = 

7 mV

30 mA 

inrush 

current

Vdd 

= 3.46 V
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Determine the root cause of unexpected noise and 

signals via FFT

• Measurement & analysis functions
• Vertical and time measurements

• Histogram, Spectrum, CCDF & Current Profiler a

D R A G  &  D R O P  I N T U I T I V E  M E A S U R E M E N T S
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A U T O M AT I C  C U R R E N T  P R O F I L I N G  T O O L

Zoom in on the active state region 

that you want to profile. 

Create a detailed 

cur-rent profile 

immediately

Generate and analyze the current profile immediately 

after acquiring the waveformTotal waveform
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W H E N  D E S I G N I N G  P O R TA B L E  I O T  D E V I C E S

Industrial sensors/ 

gateways

Consumer devices

Medical devices

Challenges:

1. How to define the battery life?

2. What are the critical events that contribute to the 

power consumption and how frequently do those 

events happen?

3. What design changes or tradeoffs should I make to 

optimize battery life?
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Digital Multimeter

Scope & Probe

Power supply

Easily available, easy to use, 

flexible and low cost
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T H E R E  M AY  B E  P R O B L E M S  Y O U  H AV E  U N D E R E S T I M AT E D

These challenges waste your time and effort, and result in fragmented, 

inaccurate view of the IoT device’s battery life. 

Inaccurate & poor visibility Limited dynamic range and 

resolution

Lack of insights
(What is causing the current spikes? How much current is consumed 

during TX mode or idle mode? How or what  to improve?)

Typical current drain profile of IoT device 

– fast changing and wide range!
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Significantly
increase test capability

Reduce their test 

development and testing 

time 

Get Accurate views of 

your device’s battery life

Ideally, what they need is a solution that can help them to……
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N6705C DC Power Analyzer with 

N6781A SMU module

TAP-based SW 

(KS833A1A)

Shield box 

(not from Keysight)

X8712AD RF Event Detector
Detect design weakness with quick and effortless 

event-based power consumption analysis

Accurately predict the battery life of your IoT 

device

K E Y  B E N E F I T S

Battery capacity

Charge consumed

Battery life

Max current

Break down current 

consumption% by event

Correlate current 

waveform with other 

RF/DC events
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RF Burst (dBm)

TX (DUT)

TX (Pair Device)

DUT Current

Time

Prepare

Response

Request

DUT Current Profile

Display

CH1

CH2

Voltage
LED Turns ON

CH3

A/h %

Tx Rx Standby

uP Display

RF 

Radio

LED

Peripheral Drivers

Pump

Batter

y pack

40%

20%3%

5%

10%

20%

IoT Device 

Functional 

Tester

Companion 

device

OR

RF Event Detector

N6705C + N6781A*4

IoT Device/ 

DUT

Display

Current consumption breakdown by 

subsystem events

6.5%
3.4%

61%
29.1%

Event
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N6705B + N6781A

Shielding Box

RF Cable

DC Cable

RF Event Detector

DUT

Companion 

device

RF events 

monitoring

Sourcing & current 

measurements

TX RX

Synchronize and correlate current consumption with RF and DC events. 

Identify critical events that contribute to the most power consumption. 

Add Ch3 and Ch4 for 

additional DC event 

monitoring (V or I channels)

IoT Device 

Functional Tester

OR
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Waveform Zoom & 

Analysis

Events Tags

Battery life analysis

Event based 

analysis

(event current 

consumption and 

occupied time in %)

Current waveform

RF burst

LED voltage waveform

TX standby MCU Others

Synchronous capture 

of current 

consumption 

waveform and RF/DC 

events

Event segregation based 

on measured signals 

from Ch2-4

Event segregation using 

current zones
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Ch1 – Sourcing & 

Current

Ch2 – RF

Ch1 – Sourcing &   

current

Ch2 – RF

Ch3 – LED voltage 

Ch1 – Sourcing & 

Current

Ch2 – RF

Ch3 – Vibration sensor

Ch4 – Brightness sensor
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USB +5V

Antenna

U8202A

N6705C + N6781A*2

RF Event Detector

DUT

E X A M P L E  C O N F I G U R AT I O N S  F O R  B L E  D E V I C E

Laptop /PC

(Customer prepared)

LAN

14585A (N6705C opt 056)

Event-Based Power 

Consumption analysis Suite

BLE IoT Device Functional Tester

SMA

Shield Box

BLE Signaling Measurement Suite

USB 

• Tx Power

• PER

• Sensitivity

• Events + current 

monitoring 

• Advanced current 

consumption over events 

analysis & battery life 

estimation

• Scope & Data Logging of 

voltage & current

• Arbitrary waveforms 

creation
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• Highest bandwidth choice

• Show low-level current waveforms 

that were previously undetectable

• Up to 200MHz and 14/16 bits 

resolution

• Patented seamless ranging

• Measure wide range of current from 

nA to A in one pass

• Accurately emulate a battery

• Log data for seconds, hours or days

N6705C and N6781A SMU module
CX3300 Device current 

waveform analyzer

• Best for current 

profile 

measurements of 

sub-circuit, IC or 

power lines inside 

an IoT device 

• Wide bandwidth 

to characterize in-

rush current of IC

• Best for battery 

drain analysis of 

IoT device 

• Built-in power 

supply to 

simulate battery 

and measure 

battery current 

drain

X8712A IoT device battery life 

optimization solution

• Detect design weakness with quick and effortless 

event-based power consumption analysis

• Synchronize and correlate current consumption 

with RF and DC events.

• Accurately predict the battery life of your IoT device






