loT Power Consumption
Measurement Challenges

Sven De Coster— Application Support Engineer
CN Rood
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CN Rood

* Largest independent distributor for test- and measurement equipment
 BeNelLux, Nordics and Baltics

* Broad range in t&m for electronics, video, telecom/IP networking, PNT,
power grid, RF spectrum, fiber network, ... Even high speed video
cameras

* My background
* Engineer measurement & control; started at Honeywell

* ‘sabbatical’ at advertising company — marketing knowledge
* 1996 Tektronix ; 2003 CN Rood (with Tektronix’s move to distributor model)
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Agenda

* Intro world of connected devices and how to maximize battery life
e Selecting optimum components with |-V characteristics

* The challenge of measuring Power Consumption in all operating states
* Summary

m00d... A

- = ELECTRONICS'
= apPicAIONE 3




The Expanding World of
the Internet of Things
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The Number of Connected Devices is Growing

Exponentially

Wearables

SmartTVs

Internet
of Things

Tablets

Smartphones

PCs
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Gartner, IDC, Strategy Analytics, Machina research, company filings, Bll estimates
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Your Objective: Maximizing Battery Life

your need: instrumentation to:

 Select and qualify low power components

* Measure power consumption

* Determine power consumed in all operating states
* Measure sleep mode currents
e Capture current bursts when your product is active or transmitting
* Determine the product’s average current draw
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Challenge: Meeting Aggressive Goals

e example low power product requirements

Target

* Power Budget: 80uW (80uW/4V battery = 20pA)
 Battery Life of 6 months

Target budget breakdown

Main Design Blocks Budget Allocation

Accelerometer 14uW 17.5%
Bluetooth Low Energy Tx/Rx 12uW 15%
Power Management Unit 20uW 25%
Processing 34uW 42.5%

(MCU 100uA/MHz + memory + peripheral + oscillator)
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Verifying that critical components meet your requirements



Need to Select Low Power Components

e challenge: qualifying component performance

Low Power Microcontrollers _

* Active mode: 35 p.A/MHz

Antenna

“ Power Management

Sensors
Active Mode: 360nA

Amplifiers: DC-DC Converter:

l 'OOd Supply Current: <1pA Quiescent Current: 680nA % ;{A
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Need to Measure Quiescent nA Currents

* solution: SourceMeasureUnit

* Meet load current specs?
» Efficiency vs Voltage?
I N

SourceMeasureUnit

High Sensitivity I-Meter

Output +

Bipolar Voltage Bipolar Current
Source/Load Source/Load 1
Sense +
’ Component-

~ Under-Test
V-Meter \7

Sense -

[
N,
--------

Output -

« V-Source, I-Source, V-Meter, I-Meter, and Electronic Load
* Very low current measurement with <pA sensitivity

* Accurate low voltage sourcing

* \oltage sweeps

« Tight integration of sourcing and measurement
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Assessing Your
Power Consum

ProC

Measuring load current in all operating states

otion




Need: Determine Product Power Consumption

* challenge: measuring load currents in all operating states

Measuring low sleep mode currents: 10’s of nA to 10’s of pA

Measuring transmit load currents
e Tens of mA to Amps
e Short duration current bursts: ps’ to 10’s of ms

Capturing the complete load current profile

Detecting unwanted transients

_— 4+ Example Operating
Current States

Transmit = Individual pulses for
Wake Up or Transmission
mode can range from
hundreds of mA to Amps,

and can be as narrow as

a couple of ys

Standby
*

Time
>

|
1 Currents range from hundreds
of pA to hundreds of mA

Currents range ‘
from pAs to mAs 3
Currents can be as low v
’,‘—_1- as hundreds of nA ‘
-
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The Importance of Accurately Capturing the Total
Current Consumption Profile

e Debug product firmware and software to optimize low power operation
e Capture and debug undesirable hardware anomalies

Graph Data Scale Trigger MAN }..t_
Peak power consumption +34,16mA -
Data Transmission *28.46mA - Ultra Low Power
~29mA ' Consumption
+17,0BmfA -
I Sleep Mode
~70nA

Standby mode +08.69mA -
consumption 00,00
Data acquisition
~2mA

H%,.60ma -

Fast Transient Event Capture
Pulse Width
~4dms

11.38maA -

1110185 C1BRTs E

Long datalogging
Device operation > 10s, >10 million data points need to be saved

Scale Trigger MAN 4 [

Low Power Bluetooth Module
Transmit Current
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Measuring Instrument Requirements

e (S )

PPt M oty r LEE | 0 SRty
* Measuring sleep mode currents U h
* 0.1nA or lower current sensitivity - m,h——q
* High measurement accuracy ‘j l‘
e Capturing current bursts due to the RF transmissions iz

» Sufficient sampling speed
 Sufficient bandwidth
* Triggering modes Graph  Data

=0 040mA -

* Waveform display and signal analysis

+hO6EmA -

e Capturing the load current profile ezt |
« Deep memory to store minutes of data [

#0.B30mA -
JA0EEmA = Ml
A1L903mA -

-1.3T5mA L

Scale Trigger MAN 4 |_I_.,4
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Minimize Impact of the Measuring Circuit

* voltage burden reduces the voltage supplied to the product and the measured current is lower

Shunt Ammeter

« 150mV to 1V voltage burden in

typical DMMs
* Reduces voltage to product-
under-test

* (0.7% to 7% of a 4.2V
battery’s voltage)
* Lower sensitivity, 0.1pA

P D D d * Lower signal-noise ratio
2%

Feedback Ammeter

-
G k -
'u'
Input | ¥, +
Vg Oulput
o . 2
a

<1lmV voltage burden
High current sensitivity

« Sensitivity down to 10-1°A
Large signal-to-noise ratio
Bandwidth limited

A
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Scope with Current Probe

* no voltage burden

Scope

—
~
UV

Battery

Source

y

O

_|_
Device-Under-
Test

v

Sleep mode Measurements

Capturing short current bursts

Capturing a load current profile

Visualizing the data
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Battery

Ability to meet the Requirements

Inadequate sensitivity. Current probes can
detect down to maA levels

* More than sufficient bandwidth
* More than sufficient sampling rate
* Numerous triggering options

e Sufficient record length
Large waveform display

a
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Scope and Sense Resistor

* need a large sense resistor to measure low currents

r I
Sourcg — * ~ ggttery
R

V/—z_z Device-Under-
Test

() )
J - \J

Battery

need a large sense resistor to measure low
Sleep mode Measurements Inadequate sensitivity

Capturing short current bursts * More than sufficient bandwidth
* More than sufficient sampling rate
* Numerous triggering options

Capturing a load current profile e Sufficient record length
Visualizing the data Large waveform display
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Picoammeter or SourceMeasureUnit

* minimize voltage burden with feedback ammeter

Sensitive
Current
Meter
Source | o Battery
V/_Z—Z Device-
Under-Test
O —O0— —
Battery
Ability to meet the Requirements
Sleep mode Measurements * pA sensitivity
* Extremely low voltage burden, 200V
Capturing short current bursts * Very low bandwidth
* \Very slow measurement rate
* limited triggering options
Capturing a load current profile * Limited data storage
Visualizing the data Numerical or small graphical display A
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6 % - Digit DMM Measuring Voltage

* lacks both sensitivity and speed

Source |
. o Qgttery

V /7_2 Device-

R Under-Test
- —0— —O0— —
Battery
Sleep mode Measurements Inadequate sensitivity
Capturing short current bursts * Bandwidth <300kHz

* Sampling rate < 50 ksample/s
* No level trigger

Capturing a load current profile e Record length < 2M samples

Visualizing the data No waveform display
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6 72 - Digit DMM Measuring Current

* |acks both sensitivity and speed

Source
— o Qgttery
V /7_2 Device-
Under-Test
7 Battery

Sleep mode Measurements * |nadequate sensitivity
e >150mV voltage burden

Capturing short current bursts  Bandwidth <300kHz
* Sampling rate < 50 ksample/s
* No level trigger

Capturing a load current profile e Record length < 2M samples
Visualizing the data No waveform display
m00d ... a
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:] O Analog triggering |
C... € R4,

Bringing together Scope and DMM functions

8-bits ...12 bits digitizer
Sample speed typ. > GS/s
Large Graphical display
Horizontal / vertical
cursors

Analog triggering

* No digitizer; integrating A/D
* 1 pA DC current measurement sensitivity
* High accuracy

Sensitive high speed sampling

DMM with display

18-bits digitizer + high res integrating A/D

Sample speed 1 MS/s

100 pA current measurement sensitivity with digitizer
1 pA DC current measurement sensitivity

5” Graphical TouchScreen Display with cursors

= ELECTRONICS!
= APPUCATIONS

e3



Sensitive high Speed Sampling DMM with display

il

scale Trigger MAN |_I...|

l

|
L.y
1 |

“

g

Battery
_|_
\Vi Device-
Under-Test
—— O —
Source Battery
Sleep mode Measurements * 1 pA sensitivity
* Low voltage burden, 15mV on lowest ranges
Capturing short current bursts * 1Msample/s sampling rate

* Level, slope, and other triggering modes

Capturing a load current profile Millions of readings

Visualizing the data graphical touchscreen display with statistics
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Sensitive high Speed Sampling DMM with display

e sensitive measurement with scope-like performance

* high measurement accuracy and resolution

* 1pA resolution

* Example: 1uA measurement shows 1.000000uA with £ 0.375nA accuracy

* Scope waveform capture

Horizontal and Vertical Cursors
MAN |_I...|

Graph Scale

+33.73mA
+28.10mA —
+22.48mA
+16.86mA
+11.2dmA —
+05.62mA —
+00.00mA
O5.62mA —

11.24mA | |

6,013004Bks __ ..130056ks ..130064ks ..130072ks ..130080ks ..130088ks ..130097ks

Analog triggers

Waveform

Analog Edge
m Analog Pulse

m Analog Window
S

Statistics

a
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Sensitive high Speed Sampling DMM with display
* Practical case: wireless sensor with battery life of 5 years
* “new” measured peaks required re-design

Preliminary currenk profile

m — Unfiltered
0.10}t Filtered
0.08
< 0.06
£
g
S 0.04
0.02 m
*Mmﬁ
ol L | e ﬂ@
~0.02 n l . .
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10°
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Preliminary current profile
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Power Consumption
Measurements Solutions

for Your loT Device Test
Needs

Summary




loT Power Consumption

optimum solution

est Needs

* Qualify low power components with a SourceMeasureUnit

Can also act as a battery model generator

* Capture all the power with the Sensitive high Speed Sampling DMM with display

pA sensitivity, 1 MS/s digitizer, and deep memory

* Most realistic simulation of the battery with the Battery Simulator

SourceMeasureUnit

L]
L]
------

Battery Simylator

high Speed Sampling DMM
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Thank you for Attending

/C130
Sven De Coster— Application Support Engineer

CRA [0 D_CJ// 22 2020
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