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¥ Challenges, Motivation & Technology Solutiorls




Business Motivation

The market expectsa GLOBAILGPackagd®CBAntennasolutionto meet the challengesof emergingloT and
RF/mmWaveroducts
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MISSIN@0%of success
@Chip,@Package@PCB,
@Antenna

will resultin:
80%x80%xx80%x80%~41% of final Productsuccess

Need forHOLISTIChipPackagePCB Cdesign & Cé/erification accounting for Antennas !
NOBODY Centric Vision for Emerging IoT & RF/mmWave Technologies !

Mission Critical Smart Wearables

RF/ mmWave 5G SATCOM & loT Automotive




NOBODY CentriciVisionforrEmerging loT & RF/mmWave

"\ EnablingGLOBAIGPackagePCBAntenna CeDesign:
, Unique BROADBAND EXTRACTION SOLUTION accounting for.Radiations

/ Antenna
@

\ PCB

[ INRNEE

Opening doors in the WALLS separating Chip, Package, PCB & Ante
domains for Unleashing Global Performances

Bridging the gap between SPICE Models & Antenna Radiations for FEHD&SIQN

Technologyincidence

A @Packagind.evel WLCSRSolutionswill createnew paradigms AiP& TuningSolutions
[Partnershipwith SynergieCADPSC]
A @PCB evel New Flexible/ConformalConnectivity& TransitionSolutions

[Partnershipwith Orange/Thales/LEAT/Eurecoon new LensbasedBeamformers]

A @ChipLevel BringingCognitionto RF/mmWaveincluding TechnologyHybridization
[Partnershipwith Dolphin-Designon Digital-Processing/Controlin FDSOI]
[Partnershipwith UMSRFon Hybrid GaNFDSOTechnologySolutions]




5G mm-Wave MIMO & Phased-Arrays

Control of Energy localization and spatial distribution identified as one of the
main critical challenges for emerging applications (e.g., 5G, IoT).
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Innovative solutions will open new Business Opportunities for effective
Implementation of MIMO & Phased-Array functionalities towards higher data

rate with improved enerqgy efficiency.

Reference in S. Wane, «<MIMO and Phased-Array Systems embedding Cognition» internal report, 2018




Energy Efficient Beamforming & MIMO Solutions

Hybrid Analog-Digital Beamforming provides effective solution in controlling
Energy localization & spatial distribution for MIMO/Phased-Array
applications.

EM-Ther_maI MIMO & Phased-Array Systems EM-Ther_maI
Harvesting Harvesting

MIMO
Performances

Shannon Channel Capacity (w/o Diversity)
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Multi-Beamforming
Multi-Beam-Steering

Need for Energy-Efficient Multi-Beamforming Solutions with Embodied Cognition



Technology Trends of Power Consumption versus Bit Rates

Link distance and mobility increased Link distance and mobility reduced
1w Carrier frequency reduced Carrier frequency increased
4 7

Power consumption as function of bit rates versus
dissipated energy in J/bit: In the perspectives of

B 2, A AN . : . : : :
s 100mw- / PN [5G requirement] i gn. ghp y P
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£ omw’ N \d i s Control of Energy localization and
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< pa O \/o‘\ @.’ spatial distribution _key for emerging
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S Wane et al., éEnergyGeometryEntropy Bounds aware

Analysisof StochasticField-Field Correlationsfor Emerging
Wireless Communication Technologies ZURSI General

Assembly Commission, session on dNew Concepts in
WirelessCommunications.

MIMO+Beamforming+5G

FDSOI seen as a unifying Analog-Digital
Technology solutions




Design & Integration Constraints
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Need for Agile Technology solutions
Perspectives for S&lhased Technologies
[e.qg., FBSOI]

Challenges of PoweCombining
Path to Hybrid SOI+GaN

SOl Wafer

e
Mono-crystal Top Silicon

Thin Buried Oxide
Trap Rich Layer

High Resistive Base

o Do Io o Do

Adaptive Body Biasing

Energy-Efficiency

Reconfigurability, Regulation and Control
Reliability & optimization of RF performances

Energy Harvesting/Storage management

Access o
Port A / 1
ﬂﬁ 508 Coupler Ocyg
Va—" 8e

Control Detector
¥
I_ Buiit-in-Seif-Test{BiST]| | | | o
STOCHASTIC MATCHING mm-Wave MIMO

Beamforming+5G



Importance of FDSOI Technology Solutions

Performance boosting

Power optimization

Leakage saving

Area saving

P,T,A Compensation

Or any combination ...

When body-biasing corners are combined
with traditional PVT corners, the designer
has access to an entirely new dimension
to optimize for power and performance.

Bich-Yen Nguyen, Philippe Flatresse et al., i APath to Energy Efficiency and Reliability for ICs: Fully

Depleted Silicon-on-Insulator (FD-SOI) Devices Offer Many Ad v a nt alEEE sSolig-State Circuits

MagazingVolume 10, Issue 4, Fall 2018.

Lowest total
0.5x F, |,

Best performance

- 1.6x F,
Best perf./watt | _ dﬁgfgc‘;;ystias Lo, max
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Relative Leakage Power
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power Rev Body-Bias
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b Capabilities for RFIC-Photonics using SOI Technology Solutions:

1 Compatibility to CMOS technology & packaging/assembly

1 Co-Integration of optical waveguiding with large selection of photonic
components with heterogeneous integration Si/GaAs/InP/GaN.

1 3D Chip-Package-PCB-Antenna EM-Thermal-Mechanical

Co-Design

accounting for energy efficiency backed-up by unified EDA and
Instrumentation solutions.

Relative Active Power

VIDEO DEMO
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Making Robust AMBIENT COMPUTING

by Design and in the Field

ASIL -D ABB IP

On-Chip

Space RadHard

Automotive certified ABB IP
For field reliability compensation
And thermal runaway control

Power Controller Unit
.‘ MAESTRO by Dolphin Design _

Voltage regulators ‘ N Ej

Biasing & Voltage Scaling Management

Unique patented monitoring
solution

Enables fail operational safsiemIENS|
silicon lifecycle manag&meatr

IJTAG chain

1x10°8
STDFFE with RESET E=mm
DFRFF with RESET =
DFRFFLD with RESET s
15102 No error 1
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E
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w
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Best -in Class patented
Space RadHard FF

Heavy lons qualification done
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= Viain RESUILS, AnalyslIs & DISCUSSIH

Energy-Efficient Multi-Beam Systems
Toward Hybrid GaN -FDSOI FEMs
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Scope & Context
Energy Efficient Millimeter Wave FIXed access (EEMWA4FIX)
@ [Government Funded Project (ANR)]
e “§)rommse LEAT] THALES

A More than one billion homeswgrldwide still find

LABOBATOURE &€ LECTRONIGLE

E;%%ng:}gens without - a  regular - broadband - FPGA | Multi-Beam | Radiators H | l '
, . - ASIC-50C X-Topology | S SN
A Fixed Wireless Access (FWA) can provide a _Platforms _ FEM

broadband service to homes, business and
factories, when there is no infrastructure to
deliver wired broadband via copper, fiber or
hybridsolutions

Next-generation FWA such as beam
switching at millimeter waves (mmWw) will
require robust, reliable and costefficient
solutionson a massivescale

suaq pajes3aqu)
Su!;J;-a—zi_ed
yidusjenem-qns ag

pueqaseg yds
anijuso)

| Heat sink power harvester ‘ ‘ F I\

TomakemmW FWAa reality, highly-directivebeamsteerableantennasare requiredto easeUEset-up andto mitigate
environmenteffect (e.g., wind, vibration on urbanfurniture, temperature,etc.).

Thesesmart antennasmust alsoexhibit low power consumption multi-band and multi-beam capabilitiesto offer a

wide rangeof servicesoverthe frequencybandsallocatedby ITU
13



RF & mmWave Technology Solutions
The Art of Correlating Signals & Energies

64-Channels D@0GHz, DG0GHz or D@4GH RealTime Frequencypomain and TimeDomain

IN

Amplitude & Phase Correlator Modules Auto & CrossCorrelation Measurements
" s 64-Channels
ser
e {—>| API Correlator
Monitoring 5 e,
Probe-Array RF/mmWave ! <
Controller GPIO Li i
ontrolier Ines Scope cOrrelator ! Sensor
1
Sp[ecm']m smartFeoa i Arrays
‘T VNA i |
. . | Controllerl
T S L..-l _4
VNA Trig Input
T Power-Supply VNA Trig Output

Q ,f Data-Transfer
- Synchronization

ASIGhased RF & mmWave Correlators with Embedded FPGA for
advancedAuTGCORRELATIOANd QROSIORRELATIONIeasurements

14
Wane,S. AASIC-Correlators with Embedded Cognition for Smart OTA Testd EMC andOTA Testsof WirelessDevicesin ReverberatiolChambersEMC-Europe2021, onlineworkshop https//www.em@021emcssorg/assets/images



RF & mmWave Technology Solutions
Mosaic-Based Architecture Solutions

A @amMmemsarce o m

il A 100dB Channellsolation o o o 0 o 0 . 9
. . Gh Gn Go @ @ @ 3y @&
il A Integrated Signai Processing , - - - -

ool & ControlModule ALALLLLL

G @ @ @Y @ G Gy @)

2. 8l A StableTemperatureRegulatior & ALLL AL
: 8l A WirelessSignalControl

64-CHANNELS
Calibration-Kit

RF ..
PORT1  PORT2  comelator a
s e —

- — 0 S —

64-CHANNELS
CORRELATOR

Compliant with State of The Art
Time-Domain & Frequenapomain Instruments
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Wane,S. AASIC-Correlators with Embedded Cognition for Smart OTA Testd EMC andOTA Testsof WirelessDevicesin ReverberatiolChambersEMC-Europe2021, onlineworkshop https//www.em@021emcssorg/assets/images



Automated x64 Channels Calibration Solution

A 5G FR1 & FR2 Support

A DC Extrapolation for loT
A Time-Domain FFT

A Custom Drivers

64-Channels Traceable
Calibration-Kit

M@meeere o
(Y Goy Gy @ G GO G Go
G0 G0 Gy @ @ @ &y &)
@ @G @Gy @G @ G0 GH @

(3% Go B8 Go o0 G 9 o
(i @ @ @G @ o @G @
@ GoY B G 8 G 9 GO
@ G @ GO @ G &) @

VIDEGDEMO
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Digital-Twin Using RFSoC & SDR Platforms

Digital Representation EVMbased Correlation Measurement

Physical Representation

HDL
Coder

Stateﬂow Matlab Simulink

J. Sombrin, i Onthe formal identity of EVM and NPR measurement methods
Conditions for identity of error vector magnitude and noisepowerr a t in&@uyML Proc.
,Manchester,UK, 2011 pp. 337-340.

" mmWawe | - i | TheNIST(USA) and NPL(UK),supportedby many

1 orrelation-ba . . . ; .

1 ey i§ X . MIMO Correlator i | institutions and corporations have been working

\ ) | \ . I I

er Reofromte, 35 F | i . | on a new standardand method to measurethe
® 2 aad onversion ! g 'T. : ¥ . :

35 [ L8 T EEH ¥ E% i | Error Vector Magnitude (EVM) of radio systems

N I D | 20 e Y . . . . .

1EE | gi L3 ¥ B o | | requiring correlation techniques eV-Technologies
8° l: : 3 I (4] 1 . .

i L5 L oo e §§ ol i; G i solutionscan enablecomplianceof measurement
® " "] Conversion |__! =o L ; !

i == v | . | platforms

I Lol AL il !

| 1l ! ~ .

i Waveform Signal Shaping | i | C For the resulting IEEEP1765 standard, the

1 1 . . .

i : ! industrywill look for compliance

I
i i
1 |

A EVM can be applied over the air (OTA) to each beam of a multibeam antenna and to each channel or the
combination of channels of a MIMO transmission.

A FPGA-based reconfigurable platform is proposed for OTA testing of multi-beamforming systems using
correlation-based EVM metrics.

A The experimental setup uses automated MATLAB-based toolbox control modules combined with Rohde &
S c¢c h wa rnremW\ave signal generation and analysis for remote testing in time and frequency domains of
stochastic signals.

https//fr.mathworkscom/productditml



Towards compact lens antenna

Height gradient

e

Fresnel lens
Compact but less efficient

THALES

-

o

Bulk dielectric RF lens

A180mm i 42GHz
Lens antenna

J

R. Czarny etal., fiHigh permittivity, low loss,and printable thermoplastic compositematerial for RF and microwave applicationsd 2018IEEE Conferencen AntennaMeasurement& Applications(CAMA), heldin VasterasSweden3-6 Sep 2018

Index gradient
@

IFE——

Diffractive RF lens by index gradient
Artificial material approach

-

N

Effective index gradient
h

Sub-I diffractive RF lens
Low profile and efficient

~

J

X. Lleshi, R. Grelot T. Q. VanHoang,B. LoiseauxandD. Lippens,"Wideband Metal-Dielectric Multilayer Microwave Absorber basedon a Single StepFDM Process' 201949" EUMC, pp. 678681



Towards compact lens antenna

Example of a sulvavelength dielectric lens antenna @ 42GHz
Ae,=2.6 and tad=7.10° g,
AThousands of pillars “
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How to fabricate this kind of structure?

THALES

R. Czarny etal., fiHigh permittivity, low loss,and printable thermoplastic compositematerial for RF and microwave applicationsd 2018IEEE Conferencen AntennaMeasurement& Applications(CAMA), heldin VasterasSweden3-6 Sep 2018
X. Lleshi, R. Grelot, T. Q. VanHoang,B. LoiseauxandD. Lippens,"Wideband Metal-Dielectric Multilayer Microwave Absorber basedon a Single StepFDM Process' 201949" EUMC, pp. 678681
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How to manufacture ?

Foam base

Buid platform \

Support Material SPOO] = —\

Build matenal spool \o

THALES
Bulk lens (machining)

A

Subl lens
(3D printing)

—

Support matenal ﬂlamemﬁA

Build matenal filament! =———————.

/"‘;;“5;3::‘.’:’\
>\ Toward Compact
Lens Antenna

Part supports

Copyright © 2008 CustomPartNet

Artificial material + 3D printing
= FunctionalRF parts with better performance

> Gain improvement up talL.5 dB

» Thickness reduction by (13mm vs. 53mm)
> Weight reduction by3 (160g vs. 445Q)
Jdad |m

20
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Rx Mode: Dual-Beam Correlation Measurement
A The two ports of the reflector source are connected to VNA port 1 et 2

A The AUT cable is connected to receiver B

Computer
Measurement

TCP/IP

Processing

Normalized Directivity
8 & ] i

P1-

TXPolar-45°

0 5 0o 5 10
Scanning Angle [Phi in °]

JUSB

P2-

TXPolar +45 &

Assuming signal beams from a point source residing
at angle d and received on two antennas
{ (¥'HT 3H( 3 separated by a baseline D:

e

1 derda e Sew)| -

13 e (3

3 is the carrier frequency, K (Hz/s) is the chirp rate, and t} (g H1i(P) is the
geometrical time delay of the wavefront between the two antenna elements.

—

f (3¢ IRNS
The in-phase component of the cross-correlation
of the two received signals {| (¥'HT 3H(dcanbe  DuatChannel
expressed as: Correlation

. 4 () .
el G =l (e =«
felv G t<-a)ul

Thenoiseterms are suppressedasthey are assumeduncorrelated with eachother andwith the receivedsignals

https//www.rohdeschwarzcom/fr/produit/at8 0tb-pagede-demarragegroduits 63493642314html
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Tx mode: Correlation-based EVM Measurement
A The two ports of the reflector source are connected to receiver R2 and B

A The AUT cable is connected to Port 1

RF-SoC FPGA Platform T,
EVM-based Correlation Processing _J [ !
Pen

suoneja1i0) 3

weag-RINN

hJ‘HMJUUUUU_LUUu_L B WY

,’ar ‘

Computer
Measurement
Processing

TCP/IP

The classical method for EVM (Error Vector
Magnitude)computationis to compute vector errors
between received (0w and ideal (w ) symbolsand

R2- RXPolar-45° then to compute a root-meansquare of the

magnitudeof thesevectorsfor all symbolsin a frame.
Forthis, it is necessaryto extract an optimum gainf

- + (amplitude and phase) between received and ideal
U S B B RXPOIar 45 symbolghat minimizeshe EVM

J. Sombrin, A O the formal identity of EVM and NPR measurementmethods Conditions for
identity of error vector magnitude and noisepower r a t indeuMC Proc. ,Manchester, UK,
2011, pp. 337-340,

We introduce Correlation-based EVM measurement: The optimum gain is computed by using autocorrelation and cross-correlation
of ideal and received symbols. All these computations can be done in the following steps by replacing the optimum gain by its value
and using the covariance between ideal 6 and received 6 symbols vectors.

g z ~
B .o [(« Fw)] “J
<4 P
lmel | > |TT N¥-» 1

\/B% « BfJ ° 0

https//www.rohdeschwarzcom/fr/produit/at8 0tb-pagede-demarraggroduits 63493642314html 22
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Multi-Beam Measurements

mmWave-Correlator
Co-Integrated w@h Patterned-Lens 25

—portl —port2 —port3 —port4d —port5 —port6 —port7 —port8

Phi angle {)



Energy Efficiency [without Harvesting] mmWaveCorrelator

Elements
RF Power
Consumption
Scan-Angle +/- 60A +/- k 3A5A

Number

of Beams 1 1 4

the parameter «=1 for the scanning angle. Ongoing developments are expected to significantly increase this value.

Metrics Phased-Arra for 1 RF Path for 4 RF Path i
5+5*5 cm 10%10*~10cm 10%10*~10cm ;
64 64 64 s
48 dBm 48 dBm per path i

Without GaN 54 dBm ]

Tx EIRP !
59 dBm 53 dBm 53 dBm per path i
2308 2008 2905 i

Total Tx+Rx !
7808 77a8 s |
Total TxX+RX With | Y A <. V. N
83dB 82dB 82dB per path
| Scan-Angle |

https://www.umsrf.com



EnergyEfficient Hybrid GaNFDSOI Technology Solutions @
ey for 5G mmWave MultiBeam Systems

A EnergyEfficientCorrelationTechnologie®asedMulti-BeamSystems
- Lowercomplexity Lowerpower consumptionimprovementby at leasta factor of 10

- EnergyHarvesting(ThermatEM) Solutions perspectivef & ¥ & NPNDbtargéts

eV-Technologies

A correlationbased securityimmune to blocking and jamming (Auto/CreSsrrelation of MIMO receivers with sensitivities bele5dBm@28GHz).

A Lensbased Beamformersor singlebeam and multbeam systems.

A DigitatTwin platforms with DSBased accelerators at FPGA & ASIC levels Gsinglationbased EVM metrics Toward Hybrid GaNFDSOI with Embodied Cognition.

VIDEGDEMO

5G NR Phased-Array

mmWave - Correlator with Patterned-Lens (4x4 Channels)

Bujuianed
yibusjpaepm-qns ae

Ry T
_% Agile FEM
RX/TX |_— ?- Agile FEM o/ o

FDSOI AI-based ASIC

= 7 >| FPGA & ASIC-based Wi
A EVM Industrial-Testing '

— £ of Front-End-Modules §
// P




Data Type
32b

Floating

16b

16b

8b

Integer

4b

2b

1b

Accelerating AlI/ML algorithms

PANTHER for Edge Al applications

SW programmable accelerator
for Machine Learning applications

S ® RAPTOR

Neural Network accelerator
for Deep Learning applications

| =l —

16 32 64 128 256 1,024 Peak Perf
MAC/Cycle
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@ cmbodde Jawardao=22

Near-Memory Computing

Reinventing the concept to save
energy with very low data movement

High MAC usage

RAPTOR architecture maximizes MAC
Achieving over 60% for common NN

Ease of integration

Standard AMBA interface
AXI with 64b and 32b support

APB 32b support
Low Area (<1MGates for 128MAC/cy)

Winner of the

=< RAPTOR NPU accelerator IP
Awarded HW&SW co-design approach

RAPTOR

Neural Processing Unit

DMA
AXI

Instruction SRAM | | Cluster controlle

r

N

1

Neural Computing Blogks

2 3

N

~

Local DATA
SRAM

P

ﬁ Interconnect #

Performance Comparison

. Image classification
~ Using Mobilenet v1 0.25
On 128x128 RBG inputs

Per inference Latency Energy
(Mcycles) (ud)

RAPTOR 0.275 30
ARM A53 21.23 16131
Ratio 80x 540x
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High bandwidth TCDM

Reinventing TCDM approach with
contention-free interconnect topology
enabling up to 16 cores altogether

Energy Efficient MAC usage

High MAC/core thanks to specialized
Risc-V cores instructions

Dedicated event-based architecture for
Ultra-low power results

Ease of integration/SW

Standard AMBA interface

AXI with 64b and 32b support
Program it like a single core thanks to
GCC/CMSIS-like approach

Low Area (<2MGates for 16 cores)

PANTHER accelerator IP

SW programmable with accelerator energy

PANTHER

SW Programmable Accelerator

| Instruction SRAM | | TDCM SRAM

DMA

AX| 1 2 3 16

High/ Performance Risc-V|cores

7 Matrix Multiplication kernel
@ 6 |neludingmemoryaccesseycles _________________ 19.3% e
- 1
R Bl L Lo
L2 I
O 4 [ 1
< 10.4x= !

[CJ SETTTITTLELEITERETITERRCI Tt FUITEE  GELELELED: [ EEELE
= I I
"5 2 [ AKX T T gy T jl """""""" : """

1

ST - N . (—

Performance Comparison

. Matrix Multiplication
8b integer
FDSOI technology 28-22nm

Speed Energy Efficiency
(GOPs) (GOPs/W)

PANTHER 27 500

Per computation

ARM M7 0.5 4.5
DSP 9.9 50

28



VEP ASIC
ez i Platform
VEP Chip &

Multiple applicative demonstrations

Enabling true ambiant computing with battery lasting for months

Smart Lock
From 5 days A 6 months battery lifetime

o ———

Energy Efficiency (Top/s/W)

100

10

0.1

122x better efficicency

»
Ll

KWS DS-CNN Small performances

Best EFF
20.3 TOPS/W
@ 2.6 GOPS

oY
»

and automated
power managenient

by Architecturé

Best PERF-
52 GOPS
@ 5.1 TOPS/W

0.1

1
Performance (Gop/s)
-©-PANTHER 16 Risc-V cores
-@-RAPTOR 32MAC/cy
-@-RAPTOR 128MAC/

10

cy + ePM

1MAC=2o0p

100

o —

Gesture Recognition

Sub-mW HMI bsed on low-res cameras

- . N
)
-

~

-
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» Concluding Remarks & Logkhead

RF-Optics Multi-Beam Systems
Toward Hybrid GaN -FDSOI FEMs
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Concluding Remarks

A Hybrid GaNFDSOffront-end-module combined with a mmWaveCorrelator module and lensbased antennaarrays
Multi -Beamfunctionality with reducedcomplexityusingscalableX-TopologyDifferential-Switches

- Lowercomplexity. muchfewer active electronicchannels
- Lowerconsumption improvementby a factor of 10 demonstrated(vs. conventionalphasedarrays)

A Ongoing work is relative to new DSPbased ConvolutionatAccelerators for pushing Single/Multi-Beam EVM
measurementto industrial-testing both in Connectorized OTAconfigurations

A Digital Twin platformswith DSPbasedconvolutionalacceleratorat FPGAand ASIGevels

A Collaborationinitiated with instrumentationprovidersand leadingacademidnstitutions toward industrial deploymentof
new standardsimplementingCorrelationTechnologiese.qg., IEEBP1765[https//standardseeeorg/ieeel 76510560].
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Need for Fast Test/Measurement

O Tester Capital
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15% to 25% of total product development cost is Test/Debug
Main factors are:

A Testtime: long test list, long test time
A Equipments cost: RF tester > 1 M$

A Operator and maintenance: qualification

Bringing Cognition to OTA-Testing

Array Signal Processing Antenna-Array
Correlation-based J Multi-Beam MIMO
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We introduce Correlation Technologies both at RF/mmWave and Base-
Band frequencies for OTA testing of mobile devices and systems. The
originality of the proposed solutions resides in the following attributes:

i At RF and mmWave frequencies, energy and power-density based
metrics are used for near-field and far-field sensing.

1 At Base-Band frequencies, new DSP-based Convolutional-
Accelerators are proposed for pushing EVM measurement solutions
to industrial-testing both in connectorized and OTA configurations.

i ASIC-embedded Smart-Connectors are proposed for co-design and
co-integration of adaptive Front-End-Modules with Antenna-in-Package
(AiP) modules.

SmartRF& mmWaveTestSolutionsasenablerfor ProductsVerification & Qualification
Need for FAST Of#asedindustrial Test 32



Ongoing Work & Look-Ahead

Perspectives for Multi -Physics Correlation Technologies

A Improved Efficie ncy using Energy-Harvesting Solutions
A Toward 3D Chip-Package-PCB-Radiator -Lens FEM Co-Design & Co-Integration

Thermal-EM Harvesting
Toward Hybrid GaN-FDSOI FEMs
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Backup Slides in Case of Questic
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RF/mmWave Correlator FrorEnd Modules
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Front-EndModule-Antenna CeDesign & Cdntegration

mm-Wave
Smart-Front-End  Switched-Antenna

We introduce Correlation Technologies both at RF/mmWave and

Base-Band frequencies for OTA testing of mobile devices and — «----2-2 -2l o .
systems. The originality of the proposed solutions resides in the  /~ \_RCFO‘I"ZES?;T
following attributes: Advanced

! At RF and mmWave frequencies, energy and power-density based Signal-Processing

metrics are used for near-field and far-field sensing. in Frequency &
Time Domains

Smart
Correlation

T At Base-Band frequencies, new DSP-based Convolutional- REU
. . a p/Down
Accelerators are proposed for pushing EVM measurement solutions to N /7 conversion
industrial-testing both in connectorized and OTA configurations.

Conformal
T ASIC-embedded Smart-Connectors are proposed for co-design and Lens-Module
co-integration of adaptive Front-End-Modules with Antenna-in-Package

(AiP) modules.

FEM-based ASIC-Embedded
Smart Connector

Correlation Technologies as an enabler of OTA Testing of Stochagti
Signals which are intrinsically noisy, multermonic and norstationary

ChipPackagePCB+Antennduners CeDesign

ASIC-Correlator
Accelerators

Correlator
Beamforming Module

Unified Correlation Technologies at RF/mmWave & Base-Band
ASIC-based Correlators with Embedded Cognition
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Correlation Technologies & Applications
ASIC-based Correlators with Embedded Cognition

ProposedCorrelationTechnologiesnableefficient combinationof Information-SignalTheory(IT)& Physical
Information Theory(PT)into a unified approach{ K I y yedts6i§y &anbe directlyrelatedto. 2t G 1 Y I y
entropy for assessinghe quality of RFwirelesssystemse.g., SNREVM,ChannelCapacitycanbe accurately
eXtraCted Array Signal Processing

Correlation Matrix ™ Correlation-based
J

» N ZE
Channel Transfer Matri»\\ n n A{r] n ’] EVM Measurement
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The Shannorn;McMiIIancBrgiman theorem [1] provides a formal basisfor such unified approachwhere { K | Y yehtyofyacan be Advanced CI\ES
directly relatedto . 2 f { T ‘ehtrgpy f@r@accurateextraction of key parameterscharacterizinghe quality of RFwirelesssystemssuch DSP Solutions oL

asSNRchannelcapacity,data rate and correlation betweenantennasin MIMO applications Pt e ———
Analog-Digital Mixed-Signal

UnifyingInformation-SignalTheory(IT) & Physicalnformation Theory(PT)

[1] A. Lesnep@Shannorentropy: a rigorous notion at the crossroads$etweenprobability, information theory, dynamical
systemsand statistical physicg. MathematicalStructuresn ComputerScience?4(3) (2014).
[2] G. Gradoni,V. M. Primiani,F. Moglie, 6ReverberationChamberas a Statistical RelaxationProcessEntropyAnalysisand Fast

TimeDomainSimulationg Hternational Symposiunon ElectromagneticCompatibility- EMCEurope2012 B r i n g i n g CO g n i ti O n to OTA_TeS ti n g

UnifyingMeasurement& Modeling

[3] B. Derat, et al. cTowardAugmentedOTATesting BringingFulFWaveNumericalModelingand AntennaMeasurements
Togetheg MicrowaveJournal Jan2021

[4] S Wane,R Patton,and N. Grossg@Unification of instrumentation and EDAtooling platforms for enablingsmart chip-package
PCBprobe arraysco-designsolutionsusingadvancedRFIGechnologie ih IEEEConf on Ant. MeasurementsApplications Sept
2018 pp. 1¢4.
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Business & Technology Maotivation

. . . Cognitive Signal Processing mm-Wave
We introduce Correlation Technologies both at RF/mmWave and [ Coretionbased GaN Front-End
Base-Band frequencies for building Energy-Efficient Multi-Beam — \lpuspocseiesmig) o720 ~ | o2
— . . | RF Up/Down |} GaN-based @iy =X =
Phased-Array Systems. The originality of the proposed solutions u‘;:.”g’- ] comversion [ rromcendvodue] | 9 ol
. ) . ) 3 o Y R
resides in the following attributes: v2 | - - e 5"%
o 2= Correlation [Pi:)wer-Managemen?]_-> i
3 = 1 gy m— i 28
. . . E' T B 'E GaN-base ‘:_.-‘ 8— :
A At mmWave frequencies: angle-dependent energy-density focusing & 3 [l comenavodus L £ %
________________ (=]

capability of optical lenses, low-consumption and low complexity
beamformer front-end-module using RF-Correlators.

RF-SoC FPGA Platform
EVM-based Correlation Processing
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1 Lattice-based balanced and unbalanced switching architectures for
multi-beamforming front-end-modules: fully-differential multi-port .
scalable switches (in FDSOI Technologies). 288

1 Correlation-based EVM metrics, for single-beam and multi-beam T RS
systems, compliant with ASIC and FPGA implementation, using _J
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Statistical Fieldrield Auto and Cros€orrelations for MIMO Systems

The proposed concept of X-Correlation processing relies on simultaneously probing the EM Fields with the Twin
Antenna Probe éléments (Channels A and B): )
2l
AW el W Ty e W <
1 7 I
3]
Assuming signals and noise contributions are uncorrelated, by applying the Expectation operator EJ[.], the
following relations canbe derived:

Ad= 4od= Ipl A ] WA A WA b ke

AC) AC) 8 AL(D
e [ACY A ) 8 ALY
ACD & § 8 @
AC) AC) 8 Al

The correlation matrix in the frequency domain can be expressed as a function of the time-windowed signal "Y (0):

A (g« W)

Thesuperscripttrefersto Hermitianconjugateoperation

FieldFieldCorrelationFunctiongd FFCF)jn revealingunified information about the signalsgo whichthey refer andthe spacethroughwhich
the radiation has propagated, provide solid foundations for bridging modeling and measurementinto a consistentlycomplementary
framework Theextractedcrosscorrelationcanbe linkedto the generaltheory of coherencd1-3].

A [1] B. Fourestie,J-C. Bolomey,et al., & { LIK S\earField Facilityfor CharacterizindRandom9 Y A & & KEEHTans GnAnt. and Prop., Vol. 53, no. 8, pp. 25822588 August2005
A [2] E Wolf, & b Stigeory of partial coherencen the spacefrequencydomain. Partl: spectraand crossspectraof steadystate & 2 dzNJD Spi $aE Am. 72, 343¢351 (1982.
A [3] S Wane,etal., & / 2 NNEéchnblaggor Emergingwireless! LILJ A O.Elécichigsz022 11, 1134 https://doi .org/10.3390 electronicsl1071134
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Python Library

A https://github.com/FabienFerrero/PyAMS

A Comprehensive control of rotational stage, instruments and DUT on a
single platform

A Generic instrumentation framework

A https://github.com/e\-Technologiessithub/EVT3016 1016
A https://github.com/e\-TechnologiesSithub/FEM
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