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CO2 emission related to numerical technologies

Digital assistants
ca. 1 kg per year

Social media
ca. 1 kg per year

Video streaming
ca. 62 kg per year

Digital assistants \
1 2 ca. 4 kg per year

Smartphones ca. =5

4 kg per year ==
Currently 12 o p—

aptops ca. g 5

tonnes of CO, per year
per person ¢

per yearin TVs ca. 156 kg

er year s
Germany oo Sy

Backup (cloud)
ca. 11 kg per year

. German data

centres ca. 213 kg
per Internet user
per year

Search engine
queries ca. 26
per year

=

2 tonnes of CO,

would be 0.85 tonnes of”

climate-friendly  CO, from.-
information

t/e,cthIOgy alone Digital assistants

ca. 33 kg per year

Manufacture
Smartphones
ca. 50 kg per year

Laptops ca. TVs ca. 200 kg
63 kg per year per year
‘— SOURCE: HTTPS://BLOG.OEKO.DE/DIGITALER-CO2-FUSSABDRUCK. DIAGRAM: OKO-INSTITUT 2019, CC BY-SA
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Examples of diversification in the semiconductor I
iIndustry for responsible applications

* High impacts on end markets: mobility, energy, connectivity

* From ultralow power technologies to fully energy autonomous
systems: how mW can save kW

« Examples of technologies for environmental sensing
 Eco conception & sustainabllity
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Smart mobility: from thermal to electrical mobility

Electric vehicles sales* from ~10 million in 2021 to ~30 million in 2025

* Electronics play a
major role to deploy
electric cars!

 —

DC-DC Converter

LV batt
~7 HV battery pack

msoacnarer0zt ®  INOT ONlY IN @ car: you
need connectivity

2 Electric assist motor”) ‘1 a / =) : : :
4 Electric traction motor | \i; .*-“” 2% )Sg ’-’h ) Wlth C h arg In g station
e,. | Ny . & all associated

48V Start & Stop"

44

Traction Inverter Charg-i;'g Station .
services

>200 ST products
mapped

~N

Sources: www.asirt.org, Strategy Analytics
’l ¥l * Excluding Mild Hybrid EV 4
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Power & energy

Rising demand for and usage of E Over 30% global electricity demand
electrical energy © increase from 2020 to 2030

-
L o =, _ LN B S At St bR
|

Electrical energy from renewal
sources from ~10% in 2020 to ~20%
in 2030

\

Increase use of renewable energy
g i
iy

g —r T J
— X
o el — 2

No performant power collection
B without dedicated electronics!

- A 3 ->

Communication
section

Microinverter

Local
monitoring &
control Figure 8: STEVAL-ISV003V1, 250 W microinverter for plug-in PV s
panels > —
Data g
Remote concentrator 10 S Of ST prOdUCtS
monitoring & 3 .
control To the AC Grid mapped in a solar panel
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Internet of things & connectivity

ST provides sensors, embedded processing, connectivity, security

and power management, as well tools and ecosystems

g#:\jlggcu ":;" : o 2Ny More than 20 Billion loT connected
AJI— devices per year by 2025
P @
: o —
=
Silicon LYWW y 10T security services market
photonics over $12 Billion by 2025
platform
600 T
—D—H9$LOIFEM
00l 3 conmw gy,
AR 000000 0
Advanced & 3 J| =B
efficient RF 3™ /
technologies  ** i e
100 //f"yé
P.Chevalier, SSDM21  ,[_***

1E-3 0.01 0.1 1 10
I /W_,I /L, (mA/pm)

‘, l Source: ABI, Ericsson, GSMA 6
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Electronic devices are everywhere
and mandatory for greener mobility
and power generation

How the technology itself can
contribute?



Technologies for ultralow power loT: FDSOI

In ultra-low power loT applications, we

f o need to adopt a technology that is LE03 o SO
: « Ultralow leakage LE04 | Ny LVT family
Source & & Drain « Ultralow power ; 1.E-05 - \§N
Channel . Vb=11V to \\ Vel 1Vt
1.1V/6.1V

' « Ultralow voltage o LE06 1 11y 00v A\
R Onde (BOX) « Cost effective! oieor| )
£ 1.£-08 - i
3 ,
S 1.E-09 |

1.E-10 q1Lg 40nm HfO2 2.5nm

The presence of the buried

- . ) ) 1E-11 Thox 10nm ALD TiN 10nm
o Deain oxide allows the application of AR
. ) . -11 -09 -0.7 -05 -03-01 0.1 03 05 0.7 09 11
back-biasing voltages, resulting Vg(V)

In breakthrough dynamic
control of the transistor

Ky :
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FDSOI for loT: ultralow power FDSOI circuits

VDD 0.5V

MG pRDS (Bl

r --------- Power Switch

WAYS-ON |,  POWER-OFF

« FDSOI circuits in 28nm optimized for e
0,5V operation b
« Back-bias technique is used to
offer adaptive power reduction

" CORTEX®

_____________

DMEM

PMEM

when the systems are asleep ] e ) o
« 0,7UW deep sleep mode power ~  [FUnSEEREE___———— 1t e S T e
consum pt| on LALLEMENT ef al.: 2.7 pJ/CYCLE 16 MHz, 0.7 uW DEEP SLEEP POWER ARM CORTEX-M04 CORE SoC IN 28 nm FD-SOI
S 40 —— ‘ l
3 35
« SoC compatible with energy %2 SISV UR R
. 2 20 PR
harvesters that provide non £ — s ——
continuous power & o 179 185 o0 od
1.24 — ——
Sleep Ultra Deep

DOP.OFF EA.ON [1DDSS BMEMORY
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ULP microcontrollers with embedded Select in Trench
Memory (eSTM)

1T 1.5T
. . . Cell
* Very low loff & compacity control with vertical access MOS XichiGctive ;f'ash ‘;SrtT,MI
. anar ertica
* Production on 40nm node i [ ‘
E) Device
ectron :
Schemat 5
currentdensity chemate l
Technology node
(Prod & R&D) 40nm 40 = 28nm
Memory layer FG FG
cell Area (40nm) 0.059um? 0.049um?
P/E Mechanism CHEI / FN SSI /FN
Prog. Time | ~ us ~ us
I Prog. Consumption > 50pA ~ 1pA
. |
Endurance 100K 100K-1M
Scalability - ++

S.Niel et al, IEDM 2018
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|IOT: when mW can save kW

Home automation & malls

Detect any change in the environment:

door & window opening, control of light & heat in
rooms, movements, occupancy, customers traffic in
malls...

Logistics:
Containers & freight wagon Identification, green
mobility identification...

T - -~ . b
- o 87 4
Y R e 4
’ . T W v .
N I/ \
R =9 & = :
- S\ | B
fdee \ &
A - FIEN 11
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Example of system for autonomous sensor node

Energy harvesting Application control Sensor node

E
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Power

Management '

Harvesting System

nergy I

I
: I
Temperature | :
Sensors Ws7i I

ko (4 :

I

Ultra Low Power
Application Control
ULP-AC (circuit supply)

Reception
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Key to work with very low energy= AUTO ADAPTATION

P=W.{

s e __._._ _
S 1000/ seconde Harvested power=Energy (per
=} - .
g T S — - emission) x frequency
Time (s) N Puissance Fréquence
10/ seconde ----\7----------------------------------------------------------------------------------
Energy Harvesting  Application control Sensor Node
1/ seconde [==—Ng=== =~~~ Data emission auto adapt to
i g | 1
| I Temperature 1
I 9 Sensors .77 \ 1 g - 0 secondes - ---—:-----;—-—-—-- harvested en ergy
| I —
I ! 0 .
| Storage(capaci)tor - 77,: .2 8 1’|Im"-IUte .; -_- -_-I'_' '_' - ™5
| 30uF - 200uF, Ultra Low Power . ST \ o
1 '1‘ Applr';acation Control TP p —_— i :\\\ CIEJ -] | I
| Power ULP-AC (circuit supply) e | o
I v o | L o | 1
i anagement | 3 4} . o = 1
5 p-controller W~ - Y A“l heure f-—-——mremrmmm o e
: Accelerometer, 24 : ] i
| Energy Magnetometer 1 I |
L Harvesting System | | : |
1/ jour 4+-------— Lo :— ————————————————————————————————————————————————————————————————
S
1/ semaine [--------- R it it G LT
_ |
@. {"‘ | | -
(=5 . . e leti
AL NG
\NO A4 100nd 1pd, 10pd 100pd 1md 10mJd 100mdJd 1J 10J 00J 1kJ 10kJ 100kJ

4 :
f ENERGY for one measurement

‘_ Energy needed to measure & send a t®° with IEEE.802.15.4
> /4 protocol 13
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Harvested energy becomes the information

Sensor node powered
by solar & thermal

"

Sensor node
powered by solar

Ly
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Time between 2 measurements (s)
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- Solar
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-

‘Works @11 Lux!

\\!‘

(S S e B s it e et 3

40 80 120 160 200 240 280 320 360 400
lllumination (Lux)

Time (s) between 2 RF emissions

Example with 2 solar nodes:
movement is detected due to
solar cell perturbation

People near node 1

node 1signal e

——t— |

node72 signal

People near node 2
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0T for environmental sensors

Low power communicating sensors for water Low power communicating sensors for air
guality sensing

Challenge: sensing technologies have to become low power
17 15
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A

SENSOR

Integrated sensors on CMOS - FDSOI

Control gate Sensing film
Passivation
Dielectric BEOL metal

~ AI203 sensing layer _ “polymer

;:f"_,,.ﬁ“f,v—i o, Control gate

FDSOI to amplify the
_ signal

—T - P
® oo oy
‘ rm @l ue &y 203 sensing ayer ,
ife.augmente

FDSOI BEOL

OUTPUT
SIGNAL G.T. Ayele, VLSI 2018

FDSOI FEOL
Ky 16
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Materials for environmental sensors

dnl 5, imen

pH sensing with Al202 NO2 sensing with SnO2 CO2 sensing with hybrid
layer layer polymers layer
10° « Highest and fastest sensing response Sensitivity measurement for different
10°] Ll ‘pH . nMos at 100°C CO, concentrations for T=65°C,
} (WxD) = « Stable and reproducible response to NO, RH=45%
10_7 ; (80 nm x 100 nm)
s 14 "
< 1077 Hysteresis = = 100°C
o 0.03 pH 8\/ 12+ 39730 ! 25
10° 1 PHO18 g1g y PHO9.18 8 10 4 y=2
107 - 8 A R2 = 0,9927 )
6 I ;‘5;15
10-111 @‘ 4 | §
pH 10 pH 10 a4 2 o 101
10-12 . . . . . . . n
0 200 400 600 800 1000 1200 1400 1600 0 L) N
Time (S) 0 1 2 3 '
G.T. Ayele, VLSI 2018 NO, concentration (PPM)

temps (s)

A. Assaf, A. Souifi — EMCM-DS 2022

’l 17
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Photonics for environmental sensors

Nanoparticules sensing? CO0, sensing measurements
: sensing zone
vt Nano Micro MZI IRT Nanoelec
90 light detectors
e Sonree PhD C.Bhan
Col.ST-UdS

Ring resonator

o
o
!

nght in ring resonator
xtrathoracique —

Fraction déposée (%)
& W
s &

Trachéo-bronchique|

" l—AtvéoIaire —_— —

10 .

°F 10 100 1000 108 105 lungs '

Particule diameter (nm) L 1
= Qli.ight out
© lllustratek pour I'INRS
Output measure 0.5

mp Can detect sub-100nm particules \9( 0

Ky 18
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Optical filters on 300mm glass wafers

light JREEE TN S A N

Resonant waveguide gratings (RWG)

T ST ST S
FEEE 888 F0FF 888
FEEE SELE S8 AAEE

l...l...l'..l..l l..ll..ll...l... l...l...l...l... l...l.fl.f
—>

1 mm

| Isio, | Jclss Bsi [ ] sin,

 Light incident on a periodic surface structure
excites a confined mode in the layer

" ﬁ\W-_* S Rt oo
« Sharp reflectance peak (resonance for a given 1) - ‘H"‘r‘ -
- Matrix of filters / selection of wavelength with g " |

the matrix design -> micro spectrometer

40 First succesfull characterizations of Fano filters

Transmission (%)
v
o

30

] I i from 350 to 800 300mm glass sub
Application for environmental 2 s R R L i
anaIySIS 03ro 40 7% =00 B cb &5 700 70 806 =00

r Wavelength (nm)
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Environmental analysis with spectrum retrieval

1 T T T
09" Good correlation
0.8 S—
Example = <07l between original
with 11 filters - “g jos and retrieved =
_ £ 109! £05 signals " pesiorangee
most of the  §« K03
8 30 0.2
spectral s o1l
visible range ol | | | | | 0 ‘ . | |
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Retrieve the original spectrum of a sample thanks to a set of our filters
— i Healthy

Agriculture,
Dry plant water saving...

5(‘]0 6;)0 760 8(‘]0 SCI!D 1[;00
Lengueur d'ende (nm) . .
’l e-cours.unlv-parlsl.fr
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Example of application:
chlorophyll spectrum ‘ .
retrieval and analysis of

dryness
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Sustainable technology

Our Sustainable Technology program aims to develop responsible products which:

» Improve our social and environmental footprint at every stage of the product life
» Have the greatest positive impact on the planet and people in the end-application

Social & Environmental programs

(RBA code of conduct, Water, Waste, Manufacturing End of life

Energy & Climate Change, Chemicals)4 K v, R e,

.F .......... :;.0 l * . : * '&"‘- ------- > Product Compllance
N —_— % N . Material Declaration & ECOPACK*
SUSTAINABLE 1y : E i @ o )
recoLoey “Kyr . &/ ;
Product e S
o'i\o development

Raw
materials ’ .

RN M Eco-design devices RSt st *> Responsible applications
(power-efficient & Usage (planet-friendly & human-welfare)
Product compliance M (D07 CENI0T,
(Conflict-mineral free, . . . : :
RoHS) * rgglste_rgd an_d/or unregistered trademarks of STMicroelectronics International NV
or its affiliates in the EU and/or elsewhere 21
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ST will be carbon neutral for its 40t anniversary

Milestones

Compliance with the 1.5°C scenario
by 2025 — recognized by SBTi

Carbon neutral by 2027
Sourcing 100% renewable energy by 2027

Collaborative programs and partnerships for carbon
neutrality throughout our ecosystems




Energy saving. example in eco conception

|dentification of most impacting recipes
Develop « eco designed recipe » per level
Verify impact on products

Quantify environmental improvements

Fression o =) (%) (£ 14 14

Reduce
overetch time

Suppress gas during some temperature
ramp or stabilization steps
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Conclusion

Many technologies for diversification are in
development in the semiconductor industry for
responsible applications

L

o, ]

j i| ' sustainable iIndustry

All are concerned, not only industry (Labs in France >15
000m?2 of clean room)

24




Our technology
starts with You

Find out more at www.st.com

© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.
All other product or service names are the property of their respective owners.
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