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50 Billion Objects Connected by 2020

TI Information — Selective Disclosure
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Example IoT Sensor Node
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Possible Sensing Functions

& Temperature # Current/Power ! G Proximity Q= Light
Temp. Sensors |Passive Infrared Current Shunt Magnetic Hall Inductive -1y Illlir;t?t-m- DLP
Temperature & Humidity Ultrasonic Capacitive Ambient Light (ALS)

Humidity T Occupancy
- Ultrasonic Ve
Humidity Sensors Infrared

~ 3D Time of Flight
= Gas/ Fluid
Electrochemical & NDIR AFEs
Ultrasonic Capacitive
% Pressure
Precision Signal Conditioning K, POSitiOﬂ @ Biosensing
oé:)\ I\/Iaterial Ultrasonic Hall Effect Pulse Rate |Pulse Oximetry
JAA Chemical Inductive Optical Inductive Optical Con?[:())(;js%tion Bio Potential
Optical AnalE?u;-ront Ultrasonic Capacitive Current Shunt Capacitive Optical Scanning (DLP)
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loT Sensing Node — Power Requirements

Interrupt-driven Sensing

Power | Sensor and
«— — | «—
Management ! Wireless Node
Average |
Current P i
A Nano-power !
system timer |
mA’s — O ) : PN
i : Sensor
On' ) : \ J
Load
Off-State State s\;’;ch =
< > | —> | e ((Y))
! Wireless
nA’s S —— | MCU
" : > t | -
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1. Sleep very efficiently
2. During interrupt event, radio wakes up
3. Get sensing data, process, transmits, then go to sleep
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Power Budget - Connectivity

I N VTV BT Sub-1GHz Example
| |Shutdown] Standby | Average | Duration_

Sub-1GHz CC1310 0.2 pA 0.6 pA 1.12mA 104.1 ms One event:
“<H o ' ' e Transmission for 104 ms
BLE CC2650 0.1 pA 1 A 1.57mA  56.7ms « Standby for 60 s
Radio Transmission Event Ten events per hour:
25 Supply Current 10 112 x 104.1 ms 0324
A2 m —=0.
20 3600 s

=
a1

10 x 0.4 pA x

60 s
. 3600 s
M Average current;
0

000E+0 2E-3  4E-3  6E-3  8E3  10E-3 02pA+032pA4 +0.07 pA

=0.07 p4
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o

(&)

Supply current [mA]

Time [s]
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For 10 Years on a Coin Cell Battery — Budget for

Rest

System Power Budget:
* Wireless Connectivity (Sub-1GHz)

* Analog or Digital Signal Path

TI Information — Selective Disclosure

CR2032 =220 mAh @ 3V

8,765.8 h
87,658.1 h

1 year
10 year

| _ ( 220 mAh
AVG 87.658.1 h

)(0.85) =2.1 A

|

Including derating factor of
0.85 that accounts for self
aging of the battery.
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Humidity & Temp. Sensing Node for 2.4-GHz Star
Networks Enabling 10+ Year Coin Cell Battery Life

Tl Designhs Number: TIDA-00374 T|D§§Vi§ns
Solution Features Solution Benefits
» Configurable System Wakeup Interval * Use of Nano-Power System Timer to Duty-Cycle the
* Extremely low off-state current (183 nA for 59.97 s) System Results in 10+ year battery life from CR2032
* Ultra low on-state current due to low active processor coin cell
and radio transmit currents (4.04 mA for 30 ms) « Small, integrated solution size due to the integrated
e +2% Relative Humidity Accuracy sensor and radio SoC

e 10.2°C Temperature Accuracy
e  Multi-standard 2.4 GHz radio

Coin Cell Battery P30

: (Nano-power
Tools & Resources {crz0an systom imer

e TIDA-00374 Tools Folder jos_oRv

e User Guide {lesnsllsu
tra-low
» Device Datasheets: leakage switch)
. HDC1010
TPL5110
TS5A3160
CC2650 HDC1010 €C2650

(Humidity & g 55 {ARM + Multi-
Temp.) Standard 2.4 GHz)
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TIDA-00374 Test Results: Power & Battery Life

On-State Current Off-State Current
T T T T T T T T T T T T LI T
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P A L L 11
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On-State Duration: 30ms Off-State Duration: 59.970s
On-State Average Current: 4.04mA Off-State Average Current: 183nA

Battery Life [years] = 240 [mAh] Lear]l oo = 1058
attery Life [years| = (4.038[mA]-0.030[s]+183.01[nA]-59.970[5]-10‘6> 8760[hours] o 0 o Ueyears
(0.030[s] + 59.970[s])
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loT Sensing Node — Power Requirements

Always-on Sensing
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Radio hibernates, AFE monitors for an interrupt
During interrupt event, radio wakes up

Get sensing data, process, then transmits
Waits for inactivity, then go to sleep
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Low Power PIR Motion Detector with Wireless
Connectivity Enabling 10 Year Coin Cell Battery Life

Tl Designs Number: TIDA-00489

TiDésigns

Solution Features Solution Benefits

» Standby Current of 1.7-pA typical with active PIR sensor

e Ultra-low Power Consumption Radio
69-uA / MHz ARM Cortex M3
e Very low Rx / Tx current

» Nanopower Op-amps and Comparators
* Interrupt driven Sub-1GHz wireless communication of motion
for increased power savings
* Sensitivity to >30-ft (~9-m)

Tools & Resources

e TIDA-00489 Tools Folder
e User Guide

» Device Datasheets:
. LPV521
e TLV3691
. CC1310

Low Power design for 10+ year battery lifetime from a single
CR2032 coin cell (<10 interrupts/hour)

Reduced cabling/installation cost and/or retrofit applications
Saved building energy costs by cycling lighting based on
occupancy

PIR Coin Cell Battery
i (CR2032)

Vbatt

Sensor,

A 4

LPV521
Amplified Bandpass —
Filter

TLV3691 | Interupt CC1310
Window Comparator (ARM + Sub-1GHz)
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TIDA-00489 — Measurement Results

* The table on the right shows the idle supply current Circuit Path  L>upply Current (Idle)
Nominal | Measured

: : Sensor 600nA 594nA

 The average expecte_d battery life is shown on the comparatorsx2 | 150nA LEonA

table on the bottom right. This shows two active Divider 50nA 50nA

timer cases, 30 seconds and 60 seconds. Opamp1 374nA 360nA

— Case 1: Worst case of 10 motion events per hour Opamp2 409nA 380nA

— Case 2: Busy room in an office environment CC1310 100nA 120nA
Total 1.683uUA 1.654uA

— Case 3: Intermittent motion during business hours

Active Timeout
Timer: 60 s Timer: 30 s
Lifetime = Battery Capacity « « Derating Fact
Hetme = Shutdown Current + Event Current 8760 hr/yr eratmg Factor Case 1 9.68 yrs 9.9yrs
» Case 2 12.12 yrs 12.12 yrs
where Event Current

= [(Delta Current X Active Mode Duty Cycle) Case 3 11.85yrs 11.99 yrs

+ (Radio Transmission Current X Duty Cycle)] = Number of Events
Average 11.22 yrs 11.34 yrs

TI Information — Selective Disclosure
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10 Years on a AA battery

AA (alkaline) = 2,700 mAh @ 1.5V

lyear = 8,765.8h
10 year = 87,658.1 h

Ive = (3rege=r) (0.85) =262 A

System Power Budget: 87,6581 1
* Wireless Connectivity (Sub-1GHz) \l,
I = 0.6 pA
VG g Including derating factor of
« Motor, Analog, or Digital Path 0.35 that accounts for self
lae = 26.2 — 0.6 € 25.6 YA aging of the battery.

Tl Information — Selective Disclosure 13
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Smart Lock Reference Design Enabling 5+ Years
of Life on 4x AA Batteries

TI Designs Number: TIDA-00757 TIDésigns
Solution Features Solution Benefits
« Low Power Consumption: 58 yA average current consumption e Over 5 years battery life using 4x AA batteries in series
Ultra-low Power Consumption Radio + MCU e 24 lock or unlock events per day
*  61-uA/MHz ARM Cortex M3 + 500-ms BLE radio connection period
VERVERY 8 1S GRS (et A iAY « 6 RGB LED's display power up, lock event, unlock event, and low

e Low R pgon Of 360mQ from the Motor Driver

battery status.

é’ﬁ?@i‘:’!wc ——

* Bluetooth Lg rgy (BLE) radiognables seamless : g
connectivi smar; il i& Jfor | e t Q poC
« Battery pol inf Pl ET i

Tools & Resources

Device Datasheets:

: TPS62745 m ' '
- ° mes I n g (| LED’s
TI Information — Selective Disclosure ° CSD25310Q2
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Supplementing Batteries with Energy Harvesting

A

Tl Information — Selective Disclosure

Energy
Source

Power Conversion

Solar
10 — 10k pW/cm?

v

Thermoelectric

Generator (TEG)
25— 1k pW/cm?

Vibration
50-250 pW/cm’

RF Power
50-250 pW/cm’

I
I
I
> | load ——
& Energy Storage :
|
l
| S (tY))
I
| Radio
|
Power
Management —
MCU

i\

v

Primary

(non-rechargeable)

Backup Battery

Secondary
(rechargeable)
Capacitor Bank

Analog and Digital
Signal Path

Sensors
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« Amorphous

Types of Solar Cells for Energy Harvesting

— Indoor light (300 to 600 nm)
— << 10% conversion efficiency
* Dye-Sensitized
— Indoor light (tunable)
— 10% conversion efficiency
* PolyCrystalline
— Outdoor light (500 to 1100 nm)
— 10 to 15% conversion efficiency
 MonoCrystalline

— Wide range (300 to 1000 nm)
— 20% conversion efficiency

TI Information — Selective Disclosure

Solar Cell

3

-“" -l
m—— e
CorTT b

!
o

MPP
ok o b
Solar Module / ’ -5

T
Voltage (V)
Single cell example
Nominal voltage: ~300 mV
Open circuit voltage: ~600 mV MPP tracking
Maximum power voltage: ~500 mV integrated in

BQ25505
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Energy Harvesting Process for Solar
Using BQ25505

System
I T 141) LAl Load
I T
Solar Cells VSTOR VBAT_SEC i
—— > |BoosT —> > , >
fx pie e o == SY Supercap-VSTOR-Voltage (mV) at 450 LUX
= Boost . 3500
Converter VBAT_OK I
vss VB_SEC ON| | S 3000 VBAT_OY (32V) ]
e E VBAT_OK_HYST (2.9 V) ¥ E
~ — © 2500 i : TX. . Load Connects
ano-Power
VIN_DC m Start Management E i
G VBAT_OK (2.3 V)
= 2000 Drop in VSTOR when]
38 % g /‘[ load is connected
| e
E = Zl zl |CTJ 1500 //
£ 258 > /
g 1000 ( F e
s ) ™| bg25505in
& 500 . normal
Cold Start: At startup, device runs in cold start mode until 1.8V. | Cold |5taft | °pTa"°“
0
0 5 10 15 20 25 30 35
Elapsed Time (Minutes)
Tl Information — Selective Disclosure 17
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Energy Harvesting Process for Solar
Using BQ25505

System
HE 1471 L4l Load
L~ (‘1* v
Solar Cells VSTOR VBAT_SEC i
> |woosT — > , — P \
s i el = S Supercap-VSTOR-Voltage (mV) at 450 LUX
ES Boost o 3500 ‘
Converter VBAT_OK |
ce vn ve s vss VB SECON| | g 3000 VBAT_OY (32V) S
'1 < = 2500 VBAT_OK‘_HYST 2.9V) /§R< eimrts
Nano-Power
VIN_be mm Management E ‘ |
s 2000 SEALOR Bl Drop in VSTOR when-|
3| 8l& g /‘[ load is connected
= &= A
3| & J zl |CTJ 1500 L
SEHEE > /
g 1000 ¢
- ) D Jre—
S 500 ~. | Normal
Normal Operation: After capacitor is at the 1.8V threshold, ﬁqusﬁf’s '”°°'d|5ta"°rle‘fa"0n Opef?tlon
0

device enters normal boost operation. 0 5 10 15 20 o5 30 35
Elapsed Time (Minutes)

Tl Information — Selective Disclosure 18
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Energy Harvesting Process for Solar
Using BQ25505

System
I T %L LAT Load
I3 r (‘l | z
Solar Cells VSTOR VBAT_SEC i
—— > |iBoosT —> , — P \
o pie it o = S Supercap-VSTOR-Voltage (mV) at 450 LUX
= Boost 3500
Converter VBAT_OK ‘ I
vss VB_SEC ON | | S 3000 VBAT_OY (32V) ]
LI NI E : I’ <
<14 = VEATOR_HYST 20V / Y_ ~Load Connects
Gosar] | oo g 2000 |
{cawastar] | management § 2000 | BAT-0K@3Y) ‘
: Drop in VSTOR when|
3| 8l& x J rI(O’gdniscc\nnec‘i":aden
> D8 % 2 _—
S g ZI 2 '5 1500 ——
>| >| o] o > /
g 1000 ( < 5
@
S 00 ) ~. | Normal
» : : i
Load Connects: When the voltage reaches VBAT _OK_HYST ﬁqusws '”°°"’| g Operf‘“o”
: 0
at 2._9V _(adjusta_lble), the load connects and BLE beacon " - - B & 98 3 55
application begins. Elapsed Time (Minutes)
Tl Information — Selective Disclosure 19
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TEG Option for Energy Harvesting

A thermoelectric generator (TEG) converts a temperature differential into electrical energy
* One side has an applied heat source
» The opposite side maintains a lower temperature

* The temperature difference (AT) creates electricity

Water heater =——>

Burner —> |

Pilot flame
w/ TEG

http://grabcad.com

Tl Information — Selective Disclosure 20
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Energy Harvesting Requirements for BLE Beacon

Beacon Energy Requirement

Required Energy Budgel Lalculation e | | | | B |
— BLE Beacon transmitted once a second
3.1 0.2

— One heartbeat LED that blinks once every ——— 2 99.2 _ 10.0
2 seconds for 100 ms (equivalent to 50 ms

] Pre-Proc. 7.5 3.1 23.3 0.6 14.0
blink per second)
Rx 7.5 3.1 23.3 0.4 9.3
TX 20 3.1 62 0.6 37.2
Design Options for Energy Harvesting Processing 7.5 31 233 14 326
— Larger solar cell form factor enables LED Blink 0.45 81 14 50 698
shorter beacon intervals or a larger energy Sleep Mode 0.001 31 0.003 946.8 2.9
budget Total 1,000.0 1857
. Note: Using CC2541 from TIDA-00100 /
— Smaller solar cell form factor requires a Solar panelis 58.1x56.7mm ¢
. 250 lux generates 200 yW
less frequent beacon interval or less
energy budget Pivc = E/t =186 uWs/1s = 186 pW

Tl Information — Selective Disclosure IAVG - PAVG/V - 186 HW/31 V 21
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Energy Harvesting Ambient Light and
Environmental Sensor Node for Sub-1GHz Networks

Tl Designs Number: TIDA-00488 TID'é%?Qns

Solution Features Solution Benefits

Runs entirely from solar energy when LUX level is » Save building energy and maintenance costs depending

sufficient on natural ambient light level and adjusting artificial light

Supports interrupt mode triggered by indoor LUX levels level

Precision Optical Filtering to Match Human Eye (+0.01 * Retrofit applications with wireless communications with no

Lux Light Accuracy) power wiring required

+2% Relative Humidity Accuracy * Little-to-no maintenance

+0.2°C Temperature Accuracy * Long battery backup life (up to 10 years) during periods of
low LUX level

Tools & Resources

CR2032 Coin Cell
Backup Battery

e TIDA-00488 Tools Folder

» User Guide
» Device Datasheets: — I p—
. Solar Cell (Nano-power . (Sub-1 GHz
BO25505 management) CoscRiel) Wireless MCU)
. OPT3001
. HDC1010
* CC1310 Storage Capacitor HHDC.Tj(.)tO & 2 OPT3001
. CSD75208W1015 (1200 pF) ( ‘;g‘;];;’ (Ambient Light)

Wi TEXAS INSTRUMENT@



Summary

* Wireless sensing nodes are expected to be truly wireless — without power cord

» Expectation is do more — complex computations with less — that is smaller and
smaller battery

» Solving long battery life should be looked at entire systems point of view and is
not just the power management chip function

Tl Information — Selective Disclosure 23
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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