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Agenda

* Best practices
* Microchip eco-system and power efficient analog

* Typical designh process and analog tools

* Real life example — smart water meter
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Designing a Power Efficient loT Application
Good Practices

* There is NO ONE SIZE FITS ALL POWER SOURCE

* Many options: switching regulator, LDO, battery (rechargeable or not), battery chemistry and cost

* Time matters: START EARLY on Analog to maximize efficiency and savings

* Application requirements drive your signal chain precision and power budgets
* The sooner you start, the higher the optimization and savings

* Implement SYSTEM APPROACH instead of considering components one by one
* Accurate and low power source and signal chain solutions
* Low power and efficient connectivity
* Secure element to offload CPU: less computing time (crypto) and saves energy
* Ultra low power MCU with intelligent peripherals: minimize CPU activity thus Active mode

@ MICROCHIP



Designing a Power Efficient IoT Sensor

Security D
Management Building a power efficient application requires
e High Voltage o
Digital Precision 1/0s system approach when defining your
Potentiometer Voltage architecture and selecting components
Reference

\l« Motor
Drivers

B A good strategy depends first and foremost on

Audio . Dri your application requirements

Microcontrollers ver

Solutions are often unique although there is
always the temptation to get inspiration from

Microprocessors
FPGA/ SoCs legacy block diagrams or reference designs

Touch Sensing

There is no one size fits all

V V

Smoke Detector

EiRiezogiccrxic We have the devices, the tools and the
Horn Drivers . . .
- Auto/Industrial expertise to help you design the optimal
Storage ptica SEO/LNCUSTILS solution

Networking Communication
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Power Efficient Analog for lIoT Application

Analog

Amplifiers

and Linear

Data
Converters

www.microchip.com/design-

www.microchip.com/design-

www.microchip.com/design-

centers/power-management

centers/amplifiers-linear

www.microchip.com/sensors

centers/clock-and-timing

www.microchip.com/design-
centers/data-converters
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High accuracy

High power efficiency

Ultra low power consumption
and low voltage operation
High robustness

MINDI ANALOG RyEEI]3

HHHHHHHHHHHHH ESIGNER

GlockWorksr

CONFIGURATOR

Web tool

Support

Check Services

www.microchip.com/analog
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http://www.microchip.com/bluetooth
http://www.microchip.com/wifi
http://www.microchip.com/wifi
http://www.microchip.com/zigbee
http://www.microchip.com/lora
http://www.microchip.com/car-access
http://www.microchip.com/timberwolf
http://www.microchip.com/medical-wireless
http://www.microchip.com/design-centers/clock-and-timing
http://www.microchip.com/sensors
https://www.microchip.com/design-centers/amplifiers-linear
http://www.microchip.com/design-centers/power-management
http://www.microchip.com/analog
http://www.microchip.com/design-centers/data-converters

Typical Design Process

Requirements: define your
activity profile and power

MCP16251 Single Cell
ssss DBoost Converer @
N;,_'. ,'n'. W’th External UVLO VOUT
W =8 =

e L‘l]}
E;z... 3..., MICRDCHIP; )
ARD00797

. GND
Dl
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Select the evaluation boards you need

Validate your architecture....Success!! Simulate your design
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Designing a Power Efficient IoT Sensor
Step 1: Start with Your Power Requirements

Is there a power source to What rechargeable battery
recharge my battery? _ _ YES [> do | need?

* Solar panel ﬁb * Temperature range * Internal impedance

* Wall charger * Capacity and aging * Reliability, lifetime

* Energy harvestin \ %% * Charge rate

. Othegry e \3\\* . SeIf-gisch;rge rate

NO
\V/ Vv

Impact your analog signal chain

What non-rechargeable -
and power management decision

battery do | need?
* Temperature range * Internal impedance D Th us, your BOM and architecture
* Capacity and aging * Reliability, lifetime

* Self-discharge rate ‘\”
A\ R
QN
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Designing a Power Efficient IoT Sensor
Step 2: Define Your Power Budget and Select Your Battery

Define Your Activity Profile [> Calculate Your Power Budget

Based on activity profile, calculate how L=
much power will be needed overall \\L\ ‘ o
Al b §
\ —

How long is your application active? How often?
What tasks get executed with which peripherals (connectivity, secure element, sensor)?

+ Active (CPU ON) Active (CPU ON)

S

= .

=1 Active (CPU ON)

£ Q) Q

= 3 3 o V

c o Q S

S = T <

< = = g .

(]

3| steep Sieep Calculate Your Battery Life

o - >

< > < > < »i Time Evaluate battery life for different batteries, typical and max conditions.
Task 1 Task 1 Task 2 If needed, test other options such as different radio or key components
—
Nominal CAPACITY CURRENT BUDGET NOMINAL MID-POINT WORST CASE
Battery
B_rr::: % of Voltage
S I t Y B tt | PN Hsses (us::Ufnr Nominal |WorstCase | Nominal | Worst Case | RF CASE1 RF CASE 2 RF CASE 1 RF CASE 2 RF CASE1 RF CASE 2
efficiency)
e e C O u r a e rv O Battery 1 70% 3.6V 2554.57mAh| 1680.mAh 19.44pA 12.79pA 15.8 years 17.1 years 11.5 years 12.4 years 7.3 years 7.7 years
Battery 2
Battery 3

Match Target
Below but in Range
No Match

Compare your data with application requirements

Find best compromise between capacity, power efficiency during
active mode and/or sleep mode, size and cost

And that’s it: you are done!
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Tools to Maximize Your Power Efficiency

Treelink www.microchip.com/treelink
Analog & Interface Products

https://da.microchip.com/PWR_MGMT

~Evaluation Boards - 8 found
Application
Power Management Ly u @ - v -
2 o Viv
L w0
Amplifiers Te's“ep:s':::'e DCIDC Converters Motor Drivers AID Converters gt -
— Soluti . o T
T Infrared & A System Supervisors Current/DC Power on o Ea |
Position Sensors ot Voltage Detectors Measurement ICs vin® I E 11
—V{n T
Fan Control & Power
CONNECTIVITY oy s R e Monitoring & Metering P L EVB Prad.ct Page: MCP1603EV
CO & FIRE Power Discretes Hot Swap / E-Fuses DAGE S Dl A N A L D E
e Potentiometers
DETECTION ICs
Power Modules
HV Interface

Voltage

MCP1603 Buck Converter Evaluation Board
[ ] a
ot DESIGNER

. View/Modify ‘
MCP1661 SEPIC Converter Evaluation Board ’

DDR &
SCSI Terminators

Smoke Detector ICs

USB and
1/0 Expanders

Power
MOBEET Briveis Display/LED Drivers

Piezoelectric
Horn Drivers

ULTRASOUND

—vouwy @ Simulate

Power over Ethernet
Ethernet

Digital Gate Drivers

TIMING

Ultrasound Products
RF & Microwave,

Wireless Interface

MIC23050-SYML-EV & ADM00352
ez u
o . o
= I(0ut) @
Clock & Timing
High Speed Products
Data/Video

LER

—ven
o oo
. [ e S
Si a o —a [ o [ e e Lty
De n Cmelg , ] o LT
Clock/Calendar G4 4 24 e a4 4 64 74 a4 e rgo s . u |
s,
S\ Microckie Clckonboxestonavigae oozuz0

G 1 W=
~ Multiple Output cL

oo

https://www.microchip.com/en-us/products/power- www.microchip.com/mindi
management/power-check-design-service

HIste9C PBACHRQAQAAA/ P B ( s+ EEXTTOI S ZFNHE
e T P ——

Power Check

v

-

ANALOG SIMULATOR

v
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http://www.microchip.com/mindi
http://www.microchip.com/treelink
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Real Life Example: Smart Water Meter
What Do You Think of When You Design a Water Meter ?

y

Reliable Convenient Low Cost
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Cell voltage (V)

Real Life Example: Smart Water Meter

Customer’s Initial Demand

Supercap l

LDO

BATTERY P — 1
) Zoarr
=urr am mm
=]

26500 +
@m Vgarr: 2.8V 10 3.67Vy0x
| U-sock |

3.9
3.7
3.5

N
S|

Typical discharge profiles at + 20°C

3.3

3.1
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75 Ohmsy35 mé
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2.1
1.9
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L—t
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Time (hours)

www.microchip.com/iot

Regulated L(_) RalMd N
2.8V to application 1 =
LOW IQ ? —0C > : MicrocHIP

° = | ~ WLR089UO i R +

-1 (e~

www.microchip.com/wlr089u0 __&60 |

v
/7777 www.microchip.com/trustgolora

AN

Customer

We are upgrading our water meter with wireless connectivity.

We are now working on power management: Target is 15 years
battery life. Based on our power budget, selected the Saft
LS26500. So our need: LOW 1Q LDO at 1uA.

Microchip, what do you propose to us?

Average efficiency with LDO will be 60% with 10uA standby current,

1uA LDO 1Q, 2uA leakage through Supercap.
off= Pour _ _Vourlour
PIN Vin-(lour+1g)

www.microchip.com/analog

Our local Analog
Expert

=

A4

—~—
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http://www.microchip.com/trustgolora
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Cell voltage (V)

Real Life Example: Smart Water Meter

Total System Solution

+
Supercap j— —_—
BATTERY PV
) Zoarr
sars m i
26500 ap
Rl
il @m Vgarr: 2.8V 10 3.67V0x
Typical discharge profiles at + 20°C

3.9
3.7
3.5 N
3.3 <
3.1 ™\ g \ S E
-\ ehisHe s
2.7 g g £
2.5 \ | 2 5

’ o ‘ 3 S
2.3 I 0 =3
2.1 N | ‘l\ n
" 0.01 0.1 10 100 1000 10000 100000

Time (hours)

12 www.microchip.com/iot

LOW 1Q
LDO

Regulated L(_) RaIMfI N
2.8V to application =
O » ' - MicrocHiP
| WLR083UO g +
T T@T
www.microchip.com/wlr089u0 __&60 |
v

www.microchip.com/trustgolora

YES, we have the LDO that you requested.
This Saft LS26500 is the right choice for your
proposed hardware topology

www.microchip.com/analog
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Cell voltage (V)

Real Life Example: Smart Water Meter
Total System Solution

BATTERY

L-socle

BATT

av =
Z

Typical discharge profiles at + 20°C

r

D
saFT 1+
5L
LS | 10
whl 25_

12,61 €
11,12 €
10,82 €
10,52 €

m S0+ 9,98 €
\_

VvV VvV

D
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LS| 10+

28 50+
3.8V

mz 100+

LoRaW4N
7,75 € o
MicrocHIP
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/
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70% battery usage
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13 www.microchip.com/iot

100000

e

rr7

www.microchip.com/trustgolora

Other option to increase
1. Power efficiency (from 60%)
2. Battery usage (from 70%)

You can also save space and reduce your
system cost.

eff= 2T =

Average efficiency with LDO will H ‘ 10pA standby current,
1A LDO 1Q, 2pA leakage through SUP®Map.

Vour-lourt

PN VIN-(IOUT+1Q)

www.microchip.com/analog
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Real Life Example: Smart Water Meter
Total System Solution

m_l Low-cost, low size - 2.2pH

+

BATTERY SUpercap

i ZBATF

b @m Vearr: 2.0V, 10 3.67V 0
Li-sogi So battery usage

now reaches 90%

14

compared to 70% from
7777 previous topology

New Efficiency:
e 73% in Sleep Mode
 81% in Active Mode

www.microchip.com/iot

MCP16252T-1/CH
LOW 1Q Sync Boost 2 * VBATT when EN=0
With Bypass mode (EN=0) / * Regulated 3.2V when EN=1
. EN —_—
10uF/6.3V 1 10pF/6.3V
High Power Enable
7 7 (High when MCU goes in Active Mode)

\ 4

MCP1810T-281/0T 2.8V to application

Regulated

LoRaWAN

. 2 > " .~ MicrocHiP
20nAIQ LDO = e EEEE

4.7uF/6.3V www.microchip.com/wlr089u0 e

/7777 www.microchip.com/trustgolora

=

Battery life is improved by >15% leading =
to much lower total system cost and
smaller system!

www.microchip.com/analog @ MICRDCHlp
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Real Life Example: Smart Water Meter
Going the Extra Mile

Efficiency | Efficiency Total Battery System
in Sleep in Active | Efficiency Life Cost

Option 1 MCP1810 Low 1Q LDO Bost Good Good T— Worst
Initial Demand + Supercap [ pue o exr cos

voltage voltage supercap

:\)A?;Irz:hzu MCP16252 Boost
P MCP1810 Low 1Q LDO

This is a great proposal!

This solves our mechanical
constraint issue with SSS
saving!!!

We will test it for our
project.

AN
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http://www.microchip.com/iot
http://www.microchip.com/analog

Real Life Example: Smart Water Meter
Going the Extra Mile

Efficiency | Efficiency Total Battery System
in Sleep in Active | Efficiency Life Cost

Option 1 MCP1810 Low 1Q LDO Bect Good Good e U
Initial Demand + Supercap attorycutoff  battery cutof B

voltage voltage supercap
Option 2

oHon < MCP16252 Boost
Microchip MCP1810 Low 1Q LDO

Smart Hetcnnq Pouer Solution

28V EV22F61A §HDN Renol
VOU VIN_LDO.

R o' TS
measq =] T Cll _ C2 RB = wers

R7 | .
GND ESR ~l RS

We also improve the system robustness
by measuring noise (ripple rejection). !_ \’
Z

Smart Metering
Power Solution

We did the math, simulations and
tests.

We now have more options for you
to consider.

, 2
- -
u
o]
o
o
>3

AN
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Real Life Example: Smart Water Meter
Going the Extra Mile

Efficiency Efficiency Total Battery System Ripple Done. We selected
in Sleep in Active Efficiency Life Cost Rejection option 4

Option 1 MCP1810 Low IQ LDO Good Good Worst .

.. | d BeSt Due to higher Due to higher Due to extra cost
I nitia Dem an + SU perca p battery cut-off battery cut-off from battery and

voltage voltage

stc
Option 2 MCP16252 Boost Best Ost Good
Our 15t Proposal MCP1810 Low IQ LDO

MCP16251 Boost

Option 3 MIC94310 RippleBlocker™ 0 eng g
. . 0@ .
> fMo:c;?aiP;:)p:r::zposal MIC94062 Load Switch Best Best BES ndCu Dt/OnS Best|
& MCP1810 Low IQ LDO me"s

Option 4 MCP16252 Boost
Microchip Proposal MIC94310 RippleBlocker™
for Best Price + MIC94062 Load Switch
Performance MCP1810 Low IQ LDO

Option 3 could support more powerful radio allowing platforming (LoORaWAN™/NB-loT/LTE-M)
Option 4 provides best price / performance / battery life compromise for targeted LoRaWAN radio
Pick the option which best suits you!

Note: Option 1 (starting point of our discussion) was actually the worst option

17 www.microchip.com/iot www.microchip.com/analog @ MICRDCHIP
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Summary
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Do You Want To Become an loT Expert?

We’ve Got You Covered!

* Microchip loT Landing Page
* www.microchip.com/iot

* @Github
e https://github.com/MicrochipTech

* Microchip YouTube Channel
 www.youtube.com/user/MicrochipTechnology

* Microchip University
e https://secure.microchip.com/mu

* Design Partner
e https://get.microchipdirect.com/design-partner-ecosystem/

e Design Check: Online Design Review Services
*  Wireless, Ethernet LAN, PoE, MPU
* www.microchip.com/design-check-services

@ MICROCHIP


http://www.microchip.com/iot
https://github.com/MicrochipTech
http://www.youtube.com/user/MicrochipTechnology
https://secure.microchip.com/mu
https://get.microchipdirect.com/design-partner-ecosystem/
http://www.microchip.com/design-check-services

And for Even More...
YouTube Channel

www.youtube.com/user/MicrochipTechnology/playlists

Microchip Technology

MicrocHIP 44.4K subscribers

HOME VIDEOS PLAYLISTS COMMUNITY CHANNELS ABOUT Q

Improve Your-Circuit Desi..

Did you simulate that?

e

—

. ,-;Au £ T .WCA
Mixed Signal & Linear Power & Interface Ampfitudes ADC Aspects . . - . i—_:.-.:_-
Microchip Technology Microchip Technology Microchip Technology Microchip Technology Improve Your CII‘CUIT DeS|gn Experlence Wlth th
Updated yesterday Updated yesterday VIEW FULL PLAYLIST VIEW FULL PLAYLIST MPLAB® Mindi™ Analog Simulator (34' VIdGO)
VIEW FULL PLAYLIST VIEW FULL PLAYLIST

- A8\ MicrocHip


http://www.youtube.com/user/MicrochipTechnology/playlists
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The Challenges We Will Resolve Today

Overcoming Complexity in Connectivity

* loT nodes need to be smart and agile o
* Agile across HW footprints and products -
* Agile across various Cloud platforms :2 Cj
* Support

Don’t worry, we've got you covered! r

@ MICROCHIP



1. Comprehensive Portfolio for Sensors
Wireless and Wired Solutions

(7))
(7,3
Q
5 —~ .
-§ 802.15.4 1-5:5"7 MPLAB
Bluetooth (Sub GHz & T CONFIGURATOR
2.4 GHz) \// -
o — :
§ T;:ET MPLAB
S Nwawraw
8 \ 4 HARMONY
N4 -
RS232 —~
RS485 TRUST \PLAB
DALI E
DMX512 Q

@ MICROCHIP



No One Size Fits All
Agility — Four Real-life Examples

~ Street Lighting

- Market is highly fragmented
~ Infrastructure may be
limited

Predictive Maintenance
Complex casing
Maintenance, monitoring,
. noise interference

23

- I Dongle for Diagnosis and FW

Upgrade of Secure
Industrial EQquipment
Wi-Fi®/Ethernet bridge and

| battery powered

Must be fast and simple, but
robust and highly secure, and
power efficient

@ MICROCHIP



2. Product Agility
Pick the Product Flavor for Your Application

Any Core
8, 16, 32-bit
MCU or MPU

24

E2A § LET 1 EEl |
Wi-Fi® Controllers
(8 module flavors including BLE)
Link or Network versions
Many antenna options

Security

MPU + Trust&GO + Ethernet PHY + Wi-FI® + BLE

f e
&h

" MPU SOM

Or go Chip-Down and Discrete
with Reference Design and

Standalone Wi-Fi® MCU (4 module flavors)

MCU + Trust&GO + Ethernet MAC + Wi-Fi

Chip-Down Package from
Microchip

@ MICROCHIP



2. Product Agility: Going The Extra Mile
Buy, Clone RF Module or Make With IC

v' Save ~1-year time-to-market v' Save ~6-7 months time-to-market
v Save 50-60 man-months effort v' Save ~40 man-months effort
v Save ~S80K expenses v Save ~$30-S40K expenses

Full Custom

v’ Certified in 7 regions (typical) Microchip RF IC with
d o, .

"E v' 2" sourced critical components Microchip Chip-Down Reference Design
@ v" Low obsolescence risk Package i
I= v REACH, RoHS compliant BoM < S

‘/ ) _ . DG G
€ ‘/ Upiio-eEis g .regulatory ch.anges' Build-your-own Clone Module v Tools, Collateral for all stages in =
qg RF manyfacturlr-\g test by Microchip Microchip RF IC with oroduct life-cycle E
% v" Customizable with external antenna Microchip Chip-Down Package v Strict layout guidelines for q;)

important sections o
E v" Reuse module across products v :S,up o Ih Wireless Check —
S v’ 100% leverage of Microchip BoM, PP &
© Service
[ ; PCB
= = v’ Some leverage of Microchip
Buy Certified RF Module certification

Tools to aid RF manufacturing test
3"d party CM ecosystem available

Decreased Time to Market !
. A8\ MicrocHip

Microchip RF Module

S
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How Microchip Makes It Possible

Chip-Down Reference Design Package Option

Click Through License
Design Files of Module
Design Files of Eval Board
Hardware Design Guidelines
Wireless Design Guidelines
Wireless Check Service

Validation Certification Production

Validation Tool *  Certification Tool *  Production Test Support Tool
Reference Gain tables *  Certification Guidelines *  Production Guidelines

(If needed) *  Calibration Procedures
Antenna Pattern for PCB

and Report

@ MICROCHIP



3. System Agility
From Hardware to the Cloud
%
a A\ Azure

l') LoRaWN

Google Cloud Platform

My Cloud

Join Session 3 to find out

more about Cloud '

Connectivity and our v- 1

Secure Solutions t ':_'::-‘"
~—

. A8\ MicrocHip



3. System Agility

Made Easy and Robust with Harmony!

Sensitive Sensitive
Data Environment

7
Illf

i

b= Ill' Ll

g:‘-'- | ?f!'jﬂ 2
_ s il TS
Reliable Trusted
Execution Execution

= Industrial loT

28

On-site Maintenance

Air Conditioning Monitoring and
Control for Hotels

@ MICROCHIP



29

3. System Agility
WFI32EOQ1: Industrial Standalone Wi-Fi® MCU

* High performance 32-bit PIC32 MCU with rich peripherals set
200 MHz CPU with DSP/DMA (CoreMark score of 710)
Wi-Fi® 802.11 b/g/n
10/100 Ethernet, UART/SPI/I2C/SQI/I2S™, CAN, CAN-FD, USB FS
Touch and 12-bit dual ADC
aws

e Superior robustness and security by design

MPLAB MPLAB A\ Azure —
HAHMEINY E.E' DE
Any Cloud /
AEC

IEC 60730 Certification
Class B

* Rich ecosystem and resources to develop your application in no time

Google CI ud Platform

*‘tmﬂf"
WPA3

©

@ MICROCHIP
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4. Support Matters

* Design Check Online Design Review Services
* Online design review services provide a new “Value Added Service” support case
* Customer benefits from best practices from Microchip experts

* Going 1 step further with Microchip GitHub

Design Check Online Design Review

\"4

Check Services

www.microchip.com/checkservices Our Local Team is here for you!

@ MICROCHIP
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Conclusion
We have Solutions Made Easy for You

ﬁ\ MICROCHIP
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Do You Want To Become an loT Expert?

We’ve Got You Covered!

* Microchip loT Landing Page
*  www.microchip.com/iot

* Github
* https://github.com/MicrochipTech

* Microchip YouTube Channel
*  www.youtube.com/user/MicrochipTechnology

* Microchip University
* https://secure.microchip.com/mu

* Design Partner
* https://get.microchipdirect.com/design-partner-ecosystem/

e Design Check: Online Design Review Services
*  Wireless, Ethernet LAN, PoE, MPU
* www.microchip.com/design-check-services

@ MICROCHIP
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Thank You

@ MICROCHIP
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