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Hot topics in HF — Microwaves — Millimeter waves

Space applications 2 mainly llI- Microwaves in Space?” . *
V, now llI-N = main players ESA ’ '
and ASI, an inter-university
department exists in Italy
(MECSA)

5G 2 interesting scenario,
several frequency bands
involved, many H2020 projects
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Guaranteed
user data rate

> H0Mb/s

Capable of loT terminals

> | trillion

Mobility support at speed

> 500km/h

for ground transportation

<com, | POLITECNICO
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USER EXPERIENCE CONTINUITY

Capable of human-
oriented terminals

> 70 billion

Aggregate service
reliability

> 99.999%

Accuracy of outdoor

terminal location

< | meter

FACTORIES OF THE FUTURE

© Time-critical process control
@ Non time-critical factory automation
© Rem
O Intr
com

O Connected goods

INTERNET OF THINGS

ENERGY

© Grid access
© Grid backhau

© Digitalization of Transport and Logistics

© Information Society on the road

MISSION CRITICAL SERVICES
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5G and microwaves & mm-waves

ery high data rates, very low latency,
Itra-high reliability, energy efficiency and Overall 5G solution
xtreme device densities. PG R R e R =T o St S B At

ey technology components include

xtension to higher frequency bands, access/ LTE evolution _Interworking New technology
ackhaul integration, device-to-device Backwards compatible | <

ommunication, flexible duplex, flexible | —/  D0H/HW —1 = —————— |
oectrum usage, multi-antenna transmission, prr—

Itra-lean design, and user/control  Gradual migration =\ _
eparation. Existing spectrum into existing spectrum fﬁ New spectrum )

o support increased traffic capacity and to O™ .o S
nable the transmBSth bandwidths DGEdEd ‘)1.G'Hz SG'HZ 10('5Hz SO'GHZ 100‘(3sz W1‘G|Hz GG‘HZ 10C|3Hz 30'GHz

) support very high data rates, 5G will il G Kb GOHE
xtend the range of frequencies used for New spectrum below 6GF
10bile communication. This includes new

pectrum below 6 GHz, as well as spectrum From Ericsson white paper April 2016, “5G radio

' higher frequency bands up to 100 GHz. access — capabilities and technologies”
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H2020 calls of interest on 5G

* ICT-23-2018: 5G End to End Facility

* ICT-25-2019: Advanced 5G validation trials across multiple vertical
industries

* ICT-26-2019-2020: 5G Long Term Evolution (Strand 3: Radio network
enabling technologies)

* ICT-44-2018: EU-US Collaboration for advanced wireless platforms
(possibly)
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licon Photonics rationale: copper = optical (INTEL)

Optical ¢ Copper
L
. Chip to Chip
Metro & . e
®
Long Haul &’Optmal :
Products ¢ = - — |-Billions
[ ]
S
e S
-------- - Millions 3
‘ D
n
— - = |-«+Thousands
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Monolithic?

icon Photonics
Si on (INTE L) Next Integration: silicon

devices into hybrid

t: Prove Silicon good
optical material

*Many at 40Gb/s

Level of integratic
Determined by

Application/cost

Time
e




H2020 Photonics calls

* ICT-03-2018-2019: Photonics Manufacturing Pilot Lines for Photonic
Components and Devices (Indium Phosphide - 2018 call; Silicon
Photonics 2018 call; Next generation free-form optics - 2019 call;
Advanced optical medical device technologies for medical diagnostics
- 2019 call)

* ICT-04-2018: Photonics based manufacturing, access to photonics,
datacom photonics and connected lighting

* ICT-05-2019: Application driven Photonics components
e Total budget H2020-1CT-2018-2019 ~1200 MEuro
* DT-ICT-03-2020: Photonics Innovation Hubs
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|ma ge SenSO rs AIM glrlr\‘llb:-lNFRAROT-MOD

* Design of multi-wavelength FIR MERCATEL focal plane arrays (PoliTO)

1
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|ma ge SenSO rs AIM glrlr\‘llb:-lNFRAROT-MOD

* Design of multi-wavelength FIR MERCATEL focal plane arrays (PoliTO)

1

vixel pitch d = 5 jom LWIR 5x5 HgCdTe miniarray, p-o
091 * # % central pixel dOplng, }\'c =10 um, d=5 um
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0.7 0oo CNs QE spectra (central pixel, NNs and CN
0.6% . ] optics: F=1
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Image Sensors L& LFouNndRY A

* CMOS image sensors & THz detection (Roma La Sapienza)

25000 1 . _ , ‘
ool o ¥ 80001 $ | 3
000 1 4 s o -
- AN ~ ' 15 ) J 2
3 { 6000 4 50000 - { »
£ 15000 , &2 ¥
- | | -. 1::: : -
é 10000 1 4000 { " 1
2 . X | o -
I, 2000‘ sy 50000 1 - B
N P P (L, — i —
01 * 114 |60 32 14 | 60
Energy(keV) [ * |11 | &5 | 23 111 | & | ¢ 3 s " |10 | 40 | 19 | 10 | 40
Dose(em?) | * | 1o' [ssmo™ | 102 | 1 Sx10" 27510 | 5«10 : 12d0°  B6ae®] 1 2x10"
00 Mo | Ve ‘ ' Base Mo+ Base W+
| e hne e
Vanadium Molybden Tungsten

Bright spots in CMOS Image Sensors are correlated to the metal contaminant Z, not to the energy.
Tungsten leads to a large number of hot spots also ato low concentration.

From F.Russo et al., Hot pixels in CMOS image sensors due to metal contamination
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"he MONET proposal ®

Research & Innovation H2020-1CT-2016-2017, title: Monolithic IlI-V on CMOS integratic
nlatform for emerging ToF (Time of Flight) applications, ~4 Meuro UE requested

contribution, [U.NET 334 KEuro

-raunhofer, PMD Tech., IBM Research, Infineon, IU.NET (Udine, Polito), Un. Thessalonil
SCIPROM
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Demonstrator 1:
Si on Si stacking

Demonstrator 2:
3D stacking

Demonstrator 3:
BEOL growth

Optimized Si photodiode on Si wafer

Optimized |-V photodiode on Si wafer

_sj_gp_g;mn_sl——-_mfo—T_;_ 1II-¥ PD arrays on Si wafer

e | St

Si CMOS wafer %
\/

Si PD arrays on thinned Si wafer

Si CMOS wafer

III-V PD arrays on thinned Si wafer

Tt e

Si CMOS wafer

FEOL Si CMOS with seed openings fo |

Si CMOS wafer

¥

Direct growth on [1I-V PDs in CMOS

BralaT s

Si CMOS wafer

T

Si CMOS wafer

Bonding of Si PD array wafer on Si CMOS

Bonding of Si lll-V carrier wafer on Si CMOS

11I-V pixels in BEOL on Si CMOS
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