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Présentateur
Commentaires de présentation
Organisme d’E/R dépendant du ministère de l’industrie
Rapprochement des écoles des Mines et des Télécom depuis 2012
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I Presentation of C2S research group
C2S team: 5 permanent members, 6 PHD Students, 5 post-doc/CDD

Pr. Patrick Loumeau Pr. Patricia Desgreys Dr. Hervé Petit
Full professor Full professor Associate professor

Dr. Van Tam Nguyen Dr. Chadi Jabbour Dr. Germain Pham

Associate professor Associate professor research engineer (CDD)
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Commentaires de présentation
Internationaux :
Sup’com Tunis (04-)
Polytechnique Montréal (07-)
Berkeley (13-)

Start up SCALINX
Pourquoi une spin-off ? 

→ Apporter une vision industrielle supplémentaire au groupe     
     sur les même thématiques de recherche

→ Valoriser les travaux de conception de puces électroniques  
     de C2S

Type de collaboration ?

→ Maturation SATT

→ Projets européens (Catrene, H2020, etc.)

→ Projets ANR

→ Pôle de compétitivité (FUI)

→ Thèse CIFRE
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I \cw challenges for the Data-Driven World

. Logisti
Transportation & Logistics é:_ ng%f:}ll |||| |||l
T o= .~ ' ' Eﬁvfl—

| - N, Security & Surveillance
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== Industrial &
Medical & Energy
Healthcare — i
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Requires smart data & smart and self reconfigurable objects
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With this hyperconnexion, we are moving towards a data-driven world.
That is to say, connected objects send their information about their environment and / or the work they are doing.
These data are processed in the cloud to meet application and new data (control, cooperative calculation results) are returned to the object.
Ideally this leads to reach optimum service and it opens infinite possibilities.
However, this leads to an explosion of data in such quantity that they are costly in energy transmission, very hard to store and to process effectively.
So it is better to deport intelligence at the object level.
Smart data: smart objects and self reconfigurable
Requested application
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I Smhart AMS Systems

=

Physical
chips

Smart

Qterface

Data Converters

Circuits
Architectures

Digital
processing

Radio Architectures

AMS
RF System

Digital
Proces

==

Originality: integrate algorithms in the AMS interface
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The originality of our approach is to expand our research field towards signal processing, to develop new algorithms that will be used to soften the requirements on AMS systems, to increase flexibility and to allow the calculation of smart data
Only team to do this
Develop new algorithms, condition the processing in order to go up to the physical realization
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I Cognitive Radio, WSN and loT

SU: Secondary User P CR Networks‘«\
PU: Primary User P S
. I~'(.‘.'.1-'usi.nn Center ) /,.-/ > e \\
M Architectural breakthrough PUE: Primary user emalation Y s e TR
- . . /" s : ‘___n"“.. \\\
«  To minimize the power e PUEE

(Joule/information bit)

* Increase the flexibility (=>
digital architecture)

B Innovative algorithms
* Enhance the performance

* Improve the security and
reliability
* Reduce latency

Algorithms for

security and reliability
and

Latency reduction

ADC
+
New
algori
thm

Digital
Processing

Digital correction algorithms for
the non-idealities of the RF front/end
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Design in 65nm CMOS and measurements of a 
Continuous-Time DS ADC with 11-bit ENOB in 
40MHz signal Bandwidth



[Latest Research
Works




B P1l: Agile Broadband Receivers(CORTIF)

Sensing Receiver architecture

—— Wired connection 802.11

: . Zigbee Interferers 802.15.4
s=seseeeee Wireless connection End-Devices . +WIFI

Zigbee g \'\'
Coordinator ',/
= | S |
/' Router s, ((([ ])))
Sensing @ -
Receiver
IEEE 802.15.4

BW=80 MHz

i
, 1
ﬂ ﬂ ﬂ mmg-mm-ﬂ-ﬂﬂ- L | ADC SPECIFICATIONS | |
2403.5 MHz 2481.5 MHz H - i
Bandwidth 40MHz < AS ADC ] Vl_\nl'il;isb:;ndamic ange
WIFI Dynamic Range 10-bit
IEEE 802.11
‘ Power <100mwW
e

Process CMOS 65nm

DSP

(d WSN based on BLE or ZigBee can be impacted by transmissions of
other WSN

d The proposed approach consists in using a sensing receiver as a
coordinator in order to improve the inter and intra WSN coexistence

d To reduce the receiver cost, analog baseband functions such as VGA
and channel filters are replaced by a high dynamic range AX ADC.

ParisTech
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I Pl:Agile Broadband

OO0 000
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b1
C1 [ . [N — Cs CHCHIP
it Tl [Tl Tl I -
Al El =it It — BANDGA
Ri Rz Ry Ra Rs
H—1 + -+ + i+ & —F
DR AMP PAM PAM AN :mna) <5-b FLASH
H—t - - y— e - —% P ADC
Ry L~ Rz R3 Ra Rs v ‘—hc m
i . 4 4 i
i Cz Cs C4 Ci
R %é

- I—n— N

DAC1 Cis DAC2? @

| I b,
DWA

Single loop CT 5t order modulator
5-bit flash with offset calibration
Time constant calibration for
Intregrators

Chip Decimator and Bandgap
Fabricated in a 1p7M 65 nm
CMOS technology from STM

7\‘.1\.1.';11'11“[.!&

F 3
MASTER
BANDGAP
o - BiAS

Bandwidth 40 MHz
Fs 640 MHz

Dyn. Range 71.4dB
Peak SNDR 68,6 dB

Peak SFDR 80 dB

Peak THD 76.5dB
Power cons. modulator 87.4 mW
Power cons. decimator 12.3 mW

Technology CMOS 65 nm

Power Supply 1.2v/1v
Core Area 1.7 mm?2

Recelvers(CORTlF)

1780 pm
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I P2 imp. Power efficiency using pre-distortion

= High energy consumption of = Energy consumption in

current telecom networks base stations
5.831
5218 Power Amplifier incl.
4,723 H.ﬁm b Feeder
etwork base stations 50-80% (65%) . "
B Technology centres Air Condition
10-25% (17.5%)
Qffices
Retail
Signal Processing
(Analogue + Digital)
Power Supply 5-15% (10%)
5-10% (7.5%)
Vodafone energy use (GWh) Source : Alberto Conte, Alcatel-Lucent Bell Labs France,
Source : Vodafone Sustainability Report 2015 “Power Consumption of Base Stations” (Trend Plenary
meeting, Ghent, Belgium, February 14-15, 2012)
- Requires greener equipments - Requires more efficient PA
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Objective: effective deployment of 5G�Increased transmission band large rates�Increased energy efficiency improved RF components
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I P2 imp. Power efficiency using pre-distortion

= Fundamental idea

Predistortion PA characteristic Ideal transfer function
e
E f 3 Ilurlr 9_) S
0. o [}
Modulated | p, b o 3 |::> g
Signaly 3 Dc3
| T Tmax o
- Pin-pred Pin-pa Pin
= et -J'Ir . .
= - = Regular implementation
——
Pag PAPR P Fin RE Mixer
—>| Predistortion »] DAC ®
Cutput power and efficiency versus input power
for one branch amplifier. Predistortion g
Birafane, A.; EI-Asmar, M.; Kouri, A.B.; Helaoui, Model Attenuators
M.; Ghannouchi, F.M., “Analyzing LINC

Systems”, 2010.

RF Mixer
Adaptation |,
Alggrithm ) ADC> ®
30% increase in power-efficiency

of radio transmitters _ Digital Predistortion (DPD)
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ParisTech
11 LTCI C2S — Circuits et Systemes de Communications —
_ _ mEE


Présentateur
Commentaires de présentation
Augmentation de 30% du rendement énergétique des émetteurs radio



I P2: Imp. Power efficiency using pre-distortion

Nanodesign

BW~1OOMHZJ_|\ J_LMxBW 500MHz 2014 - 2017

-30

JOS=B= D> — .-

+ S -80 + 1
[A(Iuptatiun}— ADC>— % ® a 9 | ]
. 7 |\ v @J 100 F J

= )—I\MXBW -~ SOOMHZ 12040 20 0 20 40

) Frequency (MHz)

_%n l[:)lglttal . Linearity improvement

rom-en in term of ACPR

Emerging issues / our proposed solutions :
= ADC architecture : Designing new multi-path circuit architecture for ADC

= Innovate on the DPD algorithm : Subsampled adaptive algorithm or pruned FFT-
based algorithm

= Trade-off complexity / precision : Development of a mixed simulation platfQuu
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P3-a: Smart data for space astrophysical

I observations o 2
Ccnes QRS vatoire - LESIA

de Paris

Labarataire d'Etudes Spatiales et d'Instrumentation en Astrophysique

Main objective: Characterlze the coupling between
the magnetosphere and ionosphere of our planet

Challenges : high DR > 120 dB - BW >50 MHz

Proposed Solution: Stacked ADC SNR,, ™ o
60 v / JAG/ /!
71 '__/ [ I /

[ i Jrﬂ' . -'| ( SNR,., 50 a lL/'/ l/ 3

L..'!LDE_J |4 core | o é: . /"’i ! |

rADE ,||‘IL_m_r_ E ; / E |

\ %:————*DEHM<mHHH a / i =

i 20 i |
[.n'!'l. D ’ljf;-;_u'fJ_’ :E. = ED}'namic Range DR (dB) i I'-\
A : A

Analog IHIJM_%%"@_{ADQ}_{H*WJ_' L/ i !
_1—0].40 =120 =100 -80 =60 =40 =20 0

Vin (dBFS)

Overall gain of 90 dB (30 dB/stage) — 10-bit ADC
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At these frequencies, it is possible to study the corona and the solar wind and the interaction between the solar wind and the Earth's magnetosphere.�
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P3-a: Smart data for space astropt®€cnes

I observations l,@

vat0|re -LESIA

de Paris

S O First Version has implemented
T e e e T O T just the gain chain, next chip
i sl o \I' 1 R will include the full system

! I _!.I. "'ll"i ||'. . ‘, ik |. = [l [.. ___' ¥ e

I %! ' VourPl

ﬁgﬁ; VDD

U8 oFF4
8 vem

et
bbb

e L ' | . ..| 8 3 Channels with 30 dB gain
_,ﬂ.l.l.,iil[ t -mn[l »ok ’%w{l{ | o m‘l LI !; s each Wlth a 100 MHz Of
T ...l, ~ |§ bandwidth
w'il[l w il nllI i !&:‘HM ||. il n“-{r %: : "::: B
=" Te— "' == | 0O Anovel calibration algorithm for
o R T Y = F phase and gain mismatch (off
,[:;EB ‘EE +' !!I[ (I -|l|u‘l|[l I mh“ I Unll‘l L 8] I Chlp)

o

OFFs | & 5.'

’ 1 Send to fabrication: 1p7M 65
nm CMOS technology from
STM
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At these frequencies, it is possible to study the corona and the solar wind and the interaction between the solar wind and the Earth's magnetosphere.�
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P3-b : Smart data for space astrophysical

I observations

Emerging sampling paradigm : Compressed Sensing/Compressive Sampling (CS)

———) Sampling+ compression |3 Transmission

Analog to Information
Converter

¢

Processing time
Save resources- Power consumption
Storage capacity

Reduce cost

Unknown

Ml

Sensing

Ohserved

Estimate

Frattin

iy

RIP/
Incoherence

Sparse/
Compressihle

Recoversy
&lzomithim

y
- E I
Dulxl

Ml
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parsimonious signals in an elementary basis
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P3-b: Smart data for space astrophysical

I observations

Signal Information
time frequency response pmin=-12.00 «10" 1 . =
Jpmax=-7.00 = X:142 I"|
Pl 0.9l v:1 |
m |
. . . | ﬂ
3.5 75 6 0.8 I| '|
| 1
a
3 3 nw o - amag s W e -B 45 E R qu]. ]J \I"L.
_---w‘wm.“ﬁ’k\mwﬂf‘--l'\_x\'\ w oy Toalf | [
= - Radon 2% |
s 2 - = Ei A ﬂ*fJ ‘
a = 014“ "v"Ma
2 F—
g :
=
> Transform <03 ‘
0.2
0 : '
T 0 50 100 150 0 100 200
e o (degrees) angle(deg)

Futur works
» Choice of the sensing matrix
» Proposing an architecture of a radio receiver
> Validation of the proposed structures
Implementation of the radio receiver demonstrator based on CS L ecom
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We observe drifts in frequency
The value of the slope is related to the velocity of the electrons
The Radon transform consists in projecting the signal on a polar basis.
Integral along a rotating line relative to theta so that a maximum in energy is obtained when theta is equal to the angle of the slope
Angle of -38 °


I P4: Direct RF-to-digital AX receiver

Conventional direct receiver

hal ol N
RFin
» == @ = ?DC | Rx psp [2BOUt
- S N/
/ /

Direct RF-to-digital delta-sigma receiver

P P ‘
RF in
—~= = RX Dsp BB Out
X Modulator
7 7

B Direct RF-to-digital delta-sigma receiver (DDSR): attractive
flexible architecture

B DDSR promises :
— Compact RF-ADC
— High linearity, high resolution, high flexible

LTCI C2S — Circuits et Systemes de Communications




I /4 Direct RF-to-digital AT receiver

B LO of0.4-6.0 GHz to cover

most desirable spectrum [*] =~ R S
B Discrete-time for high flexible
B Passive front-end for low power — = —
consumption i ¢ ==
B Fs at LO division for low power il =

-
=1 =]
L7

Iiii

consumption Em &
B 4th-order passive/active loop for
compromised NF & filtering

‘On going’ tape-out of the RX ‘

ParisTech
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I PZ: Direct RF-to-digital AZ receiver

References [Kolietal. [Englundet [Winotoetal. [Wu etal. [Liu et al. This work
(2010)] al. (2015)] (2009)] (2014)] (2016)]

System CT DDSR CT DDSR DT DDSR DT DDSR CT DDSR DT DDSR

LO (GHz) 0.9 0.7-2.7 0.4-1.7 04-4.0 0.6 -3.0 0.4-6.0

BW (MHz) 9 15 4 10 10 - 40 10

SNDR (dB) 56 43 55 52 - 64.8 45 — 52 65

RX NF (dB) 6.2 5.9-8.8 33 16 - 28.8 24-35 9.0

RX IIP3 (dBm) 4 -2 19 13.5 0 3

Tech. (nm) 65 40 90 65 65 65

Power (mW) 80 90 50.4 17 -70.5 35.5-53.0 48.6-78.8 (%

40.6 — 62.8 (**)

The power consumption: (*) includes/(**) excludes clock input buffers/data output buffers

ParisTech
LTCI C2S — Circuits et Systemes de Communications 2
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P5: Clock skew Calibration for hi
I speed Time interleaved ADC

gh

Novel approach for undersampling TI ADC

kg | s
'{bu(f—fgf..) A P (=1} T.E:.'
— F\ » Ag, ADC, l [H]-;\ Solution: Flﬂlfrtitll:mn
¢ (t-ot1) ﬂ Mo , b x'[n]
Danivative ;
(1) | L J N i) et
| ; IET Bandpass Derivative Filter (BDF)
| . X
100 o, L
BN H—\y,[fﬂ:/ Novel feedforward approach to reduce

Power consumption

. . ADC, Yplkl N Tolk)
Static Error: Dynamic Error: . W N -,_:m
» Offset. » Clock skews. g yualk] \‘j A Vgl
. W/
» Gain. » Bandwidth Mismatch. ' | N
" MF, @4 Correlator MP
= Easy to correct. = Focuses on clock skews.
—"@‘ mﬁ“, MP "

MP

;

MP

TELECOM
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P5: Clock skew Calibration for high
I speed Time interleaved ADC

Meaurement results: skew tones reduced

fin = [2300MHz, 2301MHz]| with Piope = —1dBm

0

Power [dB|

0 50

DPF

block

T T T

—— Before Cal.
-~ |——After Cal. H

‘ R ""'Funclarfnemartn'n'eS“' R

__ Offsettones B

100 150 200 250

Input frequency in baseband [MHz|

L 237 pm

Area (blue) of
DPF block

14.9mW (45%)

Others
18.3mW(55%)

from -46 dBc to -80 dBc (noise floor)

Input Frequency

(AFQ 100A -I/Q modulation

generator)

A e Filter
l SATA
10MHz Clock signal links PC
= p—— |12c
E i S :;J——' S — -
_ FFT length:
External Clock
(SMA 100A signal generator) TIADC Board FPGA DE4 213 — 262144

Low power consumption up to the 4th
NZ thanks to the feedforward approach

ISSCC

. Our previous ISSCC
Re. This Work work [26] 2002 [43] 2014 [10]
Technology 28nm FD-SOI | 28nm FD-SOI 0.35-pm 40nm
M 4 4 2 12
Rate [GS/s] 2.7 27 0.12 1.6
Resolution 11 bits 11 bits 10 bits 12 bits
Input Up to NZ4 Up to NZ4 NZ1 NZ1
Spurs [dBFS] 97 @ fl-.,,,l 97 @ fin! 90.3 @ 0.99MHz | 70 @ 750MHz
Power [mW] 332 41 171 35.3

! fin = {2300MHz, 2301MHz}

TELECOM

ParisTech
21 LTCI C2S — Circuits et Systémes de Communications ==y
_ B i |



Projects
&
Collaborations
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I L atest Projects

B PANAMA: CATRENE

B SACRA: FP7/

B ARTEMOS: ENIAC

B AppsGate: CATRENE

B SADIP: IDEX-UPSay

B CORTIF: CATRENE

B LIFLEX: NanoDesign

B CORAMED: STIC ASIE

B CORPA: Sen. Marie Curie Fellowship
B STAR: Col. with LESIA/CNES

LTCI C2S — Circuits et Systemes de Communications



Présentateur
Commentaires de présentation
Cyber Physical Systems link the physical environment, via transducers, to the digital, computational, networked environment.
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Cyber Physical Systems link the physical environment, via transducers, to the digital, computational, networked environment.
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