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XLIM : A Multidisciplinary research institute

6 Research Departments

2 Platforms for Optical and Microwave
&= Technology & Instrumentation (PLATINOM)

= Modeling & Simulation (SIMULIM)

5 Cross-MultiDisciplinary Programs

1 Emerging Team

4 joints laboratories

= MITTIC (3-5 Lab), AXIS (Thales Alenia Space)

~ NXL (NXP), LEV3E (CEA Gramat)

The stréngths of XLIM |

Electronics & High Frequency
Components to sub-systems

Mathematics
Computer science
Image

Optics
Photonics

XLIM : Unit created in january 2006
W) @ o

Since 2004

14 start-ups created

Since 2009:

scientific production per year = 500
PhD students per year = 45

Challenges

Communication: Civil, space, military Bioengineering
&

Autonomous Communicating objects Health

Secured environments
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Yé; CAD Platform for RF Systems Modeling & Design

Build a world renowned expertise on numerical techniques for analog and high
frequency system modeling

 Mathematical modeling (optimization and nonsmooth analysis)

e Electromagnetic simulation methods (antenna, packages, filters, IC, EMC, ..)

e Multiphysics simulation methodologies for (nanodevices, MEMS, packaging, ..)
e RF Circuit simulation method (Spice, harmonic balance, envelope transient, ..)

Develop top-down design and bottom-up hierarchical behavioral modeling
technigues, methodologies and tools for complex systems

Provide internal and external support on simulation and modeling for the
optimal design of RF and electro-optical devices and systems

SIMULIM = Modeling software forge + Modeling tool
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Yé; (1) Modeling Software forge

Inventory, archiving, diffusion and value-adding on calculation codes

https://forge.xlim.fr/

it gathers services enabling ones to collaboratively develop informatic projects, with
many tools which make it easier to manage projects and improve their visibility.

Aims :
* make durable the projects in XLIM and beyond.

e fight again the obsolescence (backup, maintenance, documentation ...)

Available tools:

Attached documents (texts, multimedia files ...); An introduction page;

Surveys on the orientations of projects; A page displying activity statistics;
Diffusion announces; General and thematic forums;

A source-code manager (git, mercurial or svn); A bug manager; Roadmaps and

A page for downloads (precompiled binaires, etc) ; task-lists; Mailing lists;

A Wiki-style collaborative documentation manager (Mediawiki).
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Yé; RF FrontEnd simulation

Schematic block diagram of a transmitter

/~ Digital Domain

—_[22e KL
Rl

Digital Mapping Shaping Dig
data filter A

\_

Power Amplifier

- Critical element of the transmitter linearity and consumption
budgets
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RF FrontEnd simulation

Modellng flow

Power Amplifier Characterization Power Amplifier  System Simulation

Module
-Standard
-Power

-Bandwidth...

Equipment Models & Design

-Time domain -PHD -Behavioral model
-Frequency domain-TDNN iIntegration
-Bandwidth -Volterra models... -Validation process...
-Cost...
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Y@ The hierarchical behavioral modeling concept

T
9 <«—RF Front-end (RF-SIP/SOC) —p
—{
(D)
= System
RF Front BB
Top-down
design e
Validation
.. L ] —» Simulation
CModehng -
Validation
— Simulation
Circuit e
<Modeling -7
Validation
-~-].__ — Simulation
° ° MOdellng —: :’
Specifications C s

& design rules

— Simulation

Radar

Bottom-up
verification

+

Algorithms,
Technology aware

behavioral models

ENS Cachan, France
October 14th-16th, 2015
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X

Extension — Generalization - Openness

SCERNE Tool Evolution : Fin PEA-DGA/2013 - 2015

SYSTEM
MATLARB, eoo SAFAR ASTRAD L EVEL
Others
Antenna simulation Radar simulation
THALES TSA THALES TR6
MATLAB/SIMULINK SCICOS/SCICOSLAB
General, high SUB-SYSTEM
LEVEL
performance Toolbox
Algebraic solver SCERNE
I Behavioral modeling
| - \ a . Model
’OptOJ f“te""al HPA/LNA | | Mixer ‘Transitio Source ’ADC/DAC Extractor _
coo | :{E @‘ 0—| re Models
) 1o L xem A L PO RS- AR IMS ¥ ) &
Bio \ ‘MEMSI |F|Itre I Methods
| IPSIS
Bibliotheque
Device & circuit test bench || Circuit CAD EM & Multiphysics CAD
- T . CST
PLATINOM fosed N ANSYS ﬂ CHARACTERISA-
TION
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Y@(Z) Simulim Platform

institut de rec

SCERNE

SCERNE
75 RF System Simulator & Modeler RF Circuit & Module Modeler

CATIA

(" R
=l Dymola e ——
End User System i
Design Tmls RIAAL 1 I

"

/~ Characterization
' & Test

Circuit & 3D
Simulation

A KEYSIGHT
TECHNOLOGIRS

. cadence
... SpectreRF

Mechanical
(Newton)

€ST
s B
%of wCocoMsSOL
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Y /

Bottom-up Modeling

System Verification

System

Integration Nxp....  Others..
\ Thales Safar
Mathworks  Matlab — Dassault  Catia
| Systems
SIMULINK DYMOLA [~
Radarx/
Communication End user
system SCERNE system
i RF Fromt emd
Simulim
XLIM
Device

RF Funiefions and

Circuit CAD

 AMCAD/xum Modeling

W

Keysight Subsystems
Cadence . VISION
) ADS ﬂ Design cmnd ]
SPECTRE - L e ———————
. . odeling Device & circuit
Keysight Characterization
Ansys EM Tools PHY Rho_desSchwalz
CST ‘ National Insfr.
HFSS
et Multi-Physics
é“sYs : Tools
OMmso! e
COMSOL *
ANSYS ... B - \0
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Scerne tool
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\2@ Simulation concepts

x(6) = Re{R(t) e/ b Fx(Odty (1

\ / iR ””\HHM[H

Real Signal

Tine [usec]

Complex Envelope

I-Q Modulation .
Carrier frequency

Scerne Allows to combine and handle explicitly
X(t), X(t) and Fx(t) within the same simulation,
which offers flexibility and efficiency analysis




ePulseVs
F5=B0+j0ochm

wvar[Simulink)

add-noise=0 +]

Simulation concepts

Out (1) = In H(t)

eFukbevs1

In,(t)
[in]
e {1-§T-Dp four] "
B1
| F1® F (1)

war[Sim ulinl-t'in

F1

DC=0
wvar Simulink)

Fz

[in]

|Freq

Maodu [out]

t
i i §2p Q) Fy(t)dt
Out,(t) = In,(t)e °

out,(t) = RePut,(t)]

out,(t)

eRES

B0chm
jdd-noises
pr{Simulin

5o e—2

eWave
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% Simulation concepts

Scerne allows to deal with the concept of impedance

(current voltage duality)
- “Circuit” or Algebric simulation

Scerne can be fitted into the conventional data-flow
simulation of SIMULINK

In this flow, SCERNE allows the implementation of
“islands” in which the concept of impedance can be
taken into account (DAE simulation)
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é; Simulation concepts

) il
LA  ayloigh B==8 —
prs 3 Rayleigh 3 o ot 2 Cyclic Decoder [
| General * L il Fading Cydlic Decoder 4 v
R ! math 3 ; m—
= el . Binary CyclicD ecoder
R » Mu st Bi clicDecodes
QAM Modulator o lp LA ol
o oul
e g SLETNE
SCFRNEY
O=8 28400 _
VIS,
Freg
___//\_ Rayleigh
. —
4 . ] q Fading 4
Gaussian |
Gaussian Filter1 Multioath 1
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% Simulation concepts

Scerne implements powerful modeling concepts and a
toolbox that allows an effective bottom-up modeling

Scerne integrates an efficient DAE solver, allowing the
the system simulation of several thousand fonctions.

Scerne offers a large palette of behavioral models with
highly effective processes ( ie. multidimensional

interpolation functions), particularly useful for behavioral
modeling.
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% Simulation concepts

Models present today were developed on the basis of
radio frequency electronic functions ... but the
principles are general and could also be applied to
other physicals, including thermal and mechanical,
MEMS , optics, enclosures , cooling ...

Scerne gives the opportunity to develop compiled
models (C, C ++). Programming templates are available
with a Visual Studio project to develop and integrate
the DLL model.
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% Simulation concepts

There is still “infrastructure” work to do in achieving a
professional quality.

Scerne today offers only a summary documentation

The help of potential users will be appreciated to enrich
this documentation |

We have a RAPID ongoing project in collaboration with

AMCAD company that will provide professional graphics
solution treatment in one or two years .

RAPID-DGA “VISION” (AMCAD ENGINEERING / XLIM)
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Basic functionnalities
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- Simulation Controller

institut de recherche

SCERNE
Algebraic Solver |
CW Time-Swept
Result=twoport_pade sweep22

SimController

i
[ta] Biock Parameters: Si . LX)
| 5-Function (mask) (link) ~|

SCERNE simulation controller block l

Three simulation modes: Transient, CW Time-Swept and CW

Output | Simulation Mode I Parameters | Salver | Nmsel

Simulation Mode | CW ed Amplitude = gnore T1e

F Transient (Envelope Transient)
Close Matlab ¢ cyy Time-Swept (Ignore Envelope Memo
W e i Cv ( Foeed Amplitude & Freq, Ignore Time Variation)

S-Function (mask) (link}
SCERNE simulation controller block

Three simulation modes: Transient, CW Time-Swept and CW

| Output | Simulation Mode | Parameters | Solver | Noise

Solver Type |Al 5 er L
Data Flow Solver

Algebraic Solver I
Algebraic Solver IT

M e 2 B i e e e e e e e e e S S R S EE T

e

S-Function (mask) (link) =
SCERNE simulation controller block

Three simulation modes: Transient, CW Time-Swept and CW

| Output | Simulation Mode | Parameters | Salver | Noise

Moise Analysis |}

Frequency Domain (Linear Noise)
Time Domain (Monlinear Noise)

Université
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- Design Controller (Nomin, sweep, statis, optim)

nstitut de recherche

Parameter definition and optimization specification may be entered using external file edition.
Use setenv('SCERNE_TEXT_EDITOR','myEditor'} in matlab command window to specify the desired editor. The default editor is SCERNE
Notepad-++. ) [C—Perﬁ] Docig] Specs
Type | Performances | Design Parameters | Optim Specs | Result Print | Metlist | cmplx Perfs 1
- R-Pei real Perfs 1
heahpsts Tvps P avrg Perfs: 1
Switch On/Off|Sweep Analysis ) [Av-Per] Statigical Analyss
Statistical Analysis Params. 10
Cplimeaton DesignController

Type | Performances | Design Parameters | Optim Specs | Result Print I Nethst|

Complex Type Performances: Number

&

| Type | Parformances | Design Parameters | Optim Specs | Result Print | Metlist |

Design Parameters Number
Complex Type Performances: MNames List

GAIN, ROS|

-

Design Parameters | Optim Specs | Result Print | Netiist |

Parameter Definition Mode [Direct Form Fill

Real Type Performances: Number

1

Design Parameter 1 { name [unit ] = nominal value , range or list )
g { [unit ] ' g ] | e | Bk

Alpha[]=1.0, range (1.0, 4.0, 4), dispersion{uniform, 0.2)

Real Type Performances: Names List Optimization Objective Definition File

PaddEff

Design Parameter 2 ( name [unit ] = nominal value , range or list )

Beta[]=2.0, range (1, 2.0, 3}, dispersion{uniform, 0.2}

Time-Average Type Performances: Number [T Edit Objective Definition File

1

Design Parameter 3 ( name [unit ] = nominal value , range or list )

ban&wldth_[-G_] =1 range:log[-ﬁ.t}l, 10, lﬂj.

Time-Average Type Performances: Names List

ACPR

Design Parameter 4 ( name [unit ] = nominal value , range or list )

gama [f] = 10.

Design Parameter 5 ( name [unit ] = nominal value , range or list

Université
J de Limoges
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Basic nonlinear models (Volterra)

ut .
Y 1in [out] [+ ¥ 1in] [out] N im oo Alin] [out]
HPA HEA LR Pdc il
UHF ety ol yFc Pdc
re Pdcls JFc Pdc Fo ki
HFA U_HFTH HFA_B_HF
HPA U HF HFA_LI_HFBF L
|lin]
p I - Y tinl i fout] Jum [ouT] Fe e
szP BHF Juol ; sop  Loutl
F [out][» : MF N addnoise=0 & Atten
: Fo add-noise=0 : Fc gdd-noise=0 Pdc } F:L{} F_OUT g
LMA_B_SP LNA_B_HF MIXER MFC
r B i — e T——
Function Block Parameters; LNA_B 5P = | Function B'ﬂck-"ﬂm.h;ﬁ%._.
S-Function (mask) (link) 5-Function (mask) (link)
Bilateral Low Noise Amplifier model Mixer model
(Unilateral with in-band memory)
Signal Parameters Maoise Connect
Head Fil l Farameters MNoise | Connect
ead File
i - Add Moise (0 /1)
LMA_BSP/O01/LMNA_B SPhead
0
[ ok ][ cancel |[ telp || apply

W

Université
de Limoges

oy

Universite
acPoitiors



institut

de recherche

- Linear Multipole (SNP, YNP, ZNP)

E Function Block Paramete PGRT (Z
Linear Multipole SNF, YNP or ZNP (mask)

N-PORT linear multipole (described by S, Z or ¥ parameters).
- [in] the left side ports vector <pi; p2, ..pN1>

- [out] the right side ports vector <pN1+1; pN1+2; .. pN= Miin] Niing BZP-PAR el SIPDAC
- Fc is the carrier frequency (for baseband N-port type). (o 18 (In Fort: 1-D)
quency ( portiype 52 [out] {Out Port:1-0) pugp A0 oeoyg  [eutp
2 : (1-Dx1-1 (Params: 2) (Gl Port: 2-D)
. N-PORT may be described by either S, Y or Z parameters. yFe JFe var{Sceme) NFe
. The number of right side ports can be zero
NPORT 5z NFCRT_SYZ FAR NPORT_SYZ DAC
Signal | Interface | Parameters | Noise I Connect
Number of Ports @ Left Side r—mee o — . i

. ' [*a] Function Block Parameters: NPORT_SYZ_PAR

Number of Ports: Right side
1

Linear S,Y,Z N-PORT with Design Parameters (mask)

| Sl | ieroce |

Parameters

3] Functon Block Parameters: NPO)

Linear S,Y,Z N-PORT with Digital or Analog Parameter Control (mask)

||| Number of Control Params >= 1

2

Control Params List (pnamel = value, pname2=value, ..}
alfa=1.0, beta=1.0

Parameterized N-PORT : linear multipole described by S, Z or ¥ parameters with
digital or analog parameter control.

Suitable to model e.g. a digitally controlled phase-shiffter/attenuator in radar
antenna array

- [in] the left side ports vector <pi; p2, .., pN1>

Data Type ’S parameters.

S, Y or Z Data File

.DEM OS\N_PORT_PARAM\DesignS2P-ascii.dat

- [out] the right side ports vector <pN1+1; pN1+2; .., pN=
- Fc is the carrier frequency (for baseband I-Q signal type).
- [par] optional input port for dynamic parameter activation

. N-PORT may be described by either S, Y or Z parameters.
. The number of right side ports can be zero

Frequency Interpolation Type [Poiea—Resrdues {Wector Fitting)

Maximum Number of Poles

10

||| Fine Tune Number of Poles ’Yes( may cause high initialization time)

[ ok

” Cancel H

Help

Interface | Parameters | Connect
Number of Ports : Left Side
1

Number of Ports: Right side
1

Number of Param Control Ports >=1

2

Control Port Type ||

] [ cancel ][ help ][ apoly |

Université
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Polynomlal Filter (S, Z, Y)

t de recherche

¥ | Function Blcck Parametem ' L TE] i M1

Linear Reciprocal and Symmetrical 2-PORT Filter described by Polynomial {mask) (Imk)

2-PORT linear multipole (described by S, Z or Y parameters polynomial)
[in] POLY-FILTER s11 = 522 = r{w)/q(w)

S

(P order: 3) 512 = s21 = p(w)/q(w)

(Coeffs 12) loutl P 1| - Feis the carrier frequency (for baseband I-Q signal type).
MFc
P var{Sceme)

Make sure polynomial coefficients are entered in increasing rank order, starting 0, 1, ..,
e.g. q0=1.0, g1=2.0, g2=2.0, g3=1.0

G e r0=0.0, r1=0.0, r2=0.0, r3=0.0

p0=1.0, p1=0.0, p2=0.0, p3=0.0

Coefficient value can be a variable expression, e.g. pl=1.0[ A*B ], where A and B are SCERNE
variables

Parameters | Connect

Bandwidth Min Freguency (Hz)
1e6

Bandwidth Max Frequency (Hz)
1leg

Model Polynomial Order
3
Normalization Frequency of Polynomial Coeffs (Hz)

1e8

Demoninator Poly Coeff List - normalized (q0 = value, ql=value, ..}

-q[]=1.0, gql=2.0[Beta], g2=2.0, g3=1.0

Mumerator Poly Coeff List for S11 , 522 - normalized ( r0 = value, ri=value, ..)

ro=0, ri=0, r2=0, r3=0

Numerator Poly Coeff List for S12, 521 - normalized [ p0 = value, pl=value, ..}
p{] 1[2*AIpha], pl=0, p2=0, p3=0

[ ox ][ cancel |[ Hep || rpply

oy
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- Antenna Array Model (S, Z, Y)

institut de rechercl

2 lin]
(x128)
Antenna
Array
MFc
Antennalrray

- Fcis the carrier frequency.

rlﬁj Sink Block Parameters: ﬂEﬂa&r_ =

Antenna Array Macro Maodel (5, Z or ¥ parameter matrix N-PORT) (mask) (link)

Antenna array macro-model for analysis (described by S, Z or ¥ parameters).
- [in] is the input port to antenna array (vector of size = number of patches).

Interface | Parameters | Connect |

. Antenna array may be described by either S, ¥ or Z parameters.

[ 3] Sink Block Parameters:

Array size (Mumber of patches)

Antenna Array Macro Model (S, Z or Y parameter matrix N-PORT ) (mask) (link}

Antenna array macro-model for analysis (described by 5, Z or Y parameters).
- [in] is the input port to antenna array (vector of size = number of patches).
- Fo is the carrier frequency. '

. Antenna array may be described by either S, Y or Z parameters.

| Interface | Farameters | Connect |

Data File
S2P2/001/52F head

Data Formi ¥ parameters

Z parameters

[ ok J[ cancel |[ Help || apoly |

W
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é; Nport Nonlinear Generic MFC (HF memory)

_ _ NMFC-PAR \[in]  NMFCDAC

Jlin] N-MFC Jinl  (nPort 1-D) | (in Port: 1D)
{in Port- 1-D ) [out] [ (Cut Port:1-D)  [out] [ JICtD] (Ct Port:2-D) [out]|»

) Ec (Out Port:1-D) ) Fc (Params 2) | (Out Port:1-D)

var{Scemne) JFC
NPORT MFC NPORT_MFC_PAR NPORT_MFC_DAC
i : , £ g e T ™
Function Block Parameters: NPORT_MFC |.___ q - Function Black Parameters NPORT_MFC_DAC M
Nonlinear Multitype Function Chip NPORT (mask] (link) Function Block Parameters: NPORT. MFC_PAR Nonlinear Multifunction NPORT with Digital or Analog Control (mask) (link)

Frequency-domain NOPRT Polymorph function; Suitable for
devices, e.g, single-end/differential amplifier, IQ modulatar,

= Frequency-domain NOPRT Polymorph function with design param
Single output voltage or power wave defined by lookup tabll | Suitable for modeling 50ohm matched nonlinear devices, e.qg, sing
Can have up to 3 I/Q inputs (V), with fc the carrier frequend | end/differential amplifier, IQ modulator/demodulator or mixer. Output voltage defined by lookup table : Vout = F( CtlPar, fc, Vin)

Menlinear Multitype Function Chip NPORT with Design parameterg | Frequency-demain NOPRT Polymorph function with digital or analog
centrol; Suitable for modeling 50chm matched nonlinear devices, e.g,
single-end/differential amplifier; IQ modulator/demodulator or mixer.

Can have up to 3 I/Q inputs (W), with fc the carrier frequency. The
maximum number of control inputs is 4 for analeg control and 16 for
digital control

Single cutput voltage or power wave defined by lookup table :
fc, Vin)

Interface | Parameters | Connect Can have up to 3 I/Q inputs (\), and up to 4 contrel parameters

the carrier frequency
Input-Cutput Lookup Data File

-DEMDS\NL_NPORT_VGA\d ata\nl_passband_nopara m_vga—t-, i

. Interface FParameters Connect
Port Impedance [h-':atched - 50 ohms Input & Output Impedi| | Interface | Parameters Connect -
Mumber of Input Ports

Number of Design Parameters

1
2

Mumber of Control Ports =1

I:' Design Params List (pnamel = value, pname2=value, ..)
2

L pl=1[ Alpha+3], p2=1.0
Input-Output Lookup Data File Control Port Type | Digi i
Analog Control
DEMOS\NL_NPORT _VGA\data'\nl_bband_vga-table-ascii.bd it =

0K

Port Impedance ’Matched - 50 ochms Input & Output Impedance

[ oK ][ Cancel H Help ' Apply
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é; Generic Map Table (EXCEL)

nstitut de rech

PAR-M AP
(Cut Port: 2-0)
(Params 2)
vansSceme)

Fc

N

[OUT] D

PAR_MAP

Function Block Parameters: PAR_MAP | £

Generic Design Parameters Map table {mask) (link)

Generic map table; suitable for modeling design specifications using
lookup table data
MNota:

The mapping may set a function of frequency

The number of parameter including frequency may not exceed &.
The number of output is unlimitted

Parameter value can be a variable expression, e.g. parl=1.0[ A*B
1, where A and B are SCERNE variables

Interface

Mumber of Outputs
2

Mumber of Design Params >=1

2

Design Params List (pnamel = value, pname2=value, ..)

parl=1[2*Alpha], par2=0[Beta]

| Frequency Dependence
Lookup Table Data File

IN/OUT-MAP
Analog

(In Port: 2-0)

(Out Port: 2-1))

b W

[In/A] [Out] |»

NPORT_MAP_INCUT

[%4] Function Block Parameters: NPORT_MAP INOUT

Generic Input-Output Map table (digital or analog signal converter) (mask) (link)

Generic Lookup table map block; may process input data in two modes: analog
or digital

-- Analog mode: continuous input signal (maximum umber of input = &)

-- Digital mode: discontinuos input signal (maximum umber of input = 16)

Mota:
The input-output mapping may set a function of frequency

Interface

Mumber of Outputs
2

Humber of Inputs >=1
2

Input Signal Type |A

[T] Frequency Depe Diaital

Lookup Table Data File
DEMOS\LUTABLE\LUT-binary.dat

[ 0K ” Cancel H Help Apply .
DEMOS\LUTABLE\LUT-ascii-table.dat ——
(o< J[ Concel J[ telp [[ ooy |
4
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é; Node Solver (synthesis)

nstitut de recherche

ePulsVS
Z=50+j0ohm
add-noise=0 [+ L i
var(Simulink}
ePulseVS1
P! |02
{1wvar) [Y] J
DC=0.68844+-0.084 Mo de
varSimulink} ] €] SOLVER
yix)c=0 [X] ! 03
emDC1 nodeSoler

S'uijsysd;e'm

| '_ Function Block Pam.wm u1

S-Function {(mask) (link)

Node Solver block solves voltages at node [x] such that voltages at
node [y] equal [c],

i.e., solves equation y(x}-c = 0. This block can be used as an
optimization workaround.

Nota:

|
Node [c] has infinite impedance, it is used to s~ T —— - R
target for [y] Function Block Pam.mdem [

Node [y] has infinite impedance, it is a voltmet S-Function (mask) (link)
targeted output [y]
Node [x] has zero impedance, it is an adjustab_

Signal Variables

Signal Type

Node Solver block solves voltages at nede [%] such that voltages at
node [y] equal [c],

i.e., solves equation y(x}-c = 0. This block can be used as an
optimization workaround.

Nota:

Node [c] has infinite impedance, it is used to set the optimization
target for [y]

Node [y] has infinite impedance, it is a voltmeter to measure the
targeted output [y]

Node [x] has zero impedance, it is an adjustable ideal voltage source

Signal | Variables |

Number of Variables (target nodes)

1

| [ concel || nelp ||

Apply |
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Yé: Antenna Array Synthesis Macro Model

nstitut de recherche

| [in} S [Teta.Fhi} |,
Antenna
Maorchodel-l1
«| [Cmd] Freq ||

Antennahacro-11

ol

[*a Function Block Parameters: AntennaMacro-I1
Antenna Array Synthesis Macro Model (Type II) (mask) (link}

Antenna array macro-model for the synthesis of control amplifier
input amplitude and phase.
Synthesis Input Type = Frequency and Radiation angle

- [Freq] input frequency

- [Teta,Phi] Horizontal and azimutal pointing angle

- [In] is the input port to antenna (vector of a size = number of
patches)

- [emd] is input to the control amplifiers (vector of a size = number
of patches)

Interface Parameters | Connect |

Array size (Number of patches)
1

ok | [ cancel |[ Help ]| Apply
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é; Common Components : Res, cap, ind, I(V), Q(V)

o POLY-R o1 PoLY-C M1 POLY-L 11 POLVVCCS 21D W11 FOLYCCVS 34
<v=fiij <i=ddts <v=dFidt= <iZ=F{v1f= T amerite
myLabel mylLabel myLabel mylLabel myLabel
W2 war[Seme) a2 varSeme) A2 var[Seme) 12 verSeme) 22D N2 arsems) 22p
Poly_R Poly C Poly_L Poly_VCCS Poly CCWVS
Function Block Parameters: Poly VCCS | = |
i & 5 el W e [
Folyonomial or Picewise-linear Resistance or Conductance (mask) (link) Polyonomial or Picewise-linear Voltage Controlled Current Source Model
2 possible views: Defined by output current response
i2(f)=c0+cl*v1(t)+c2=v1(t)"2+c3*vi (L) "3 +...
Resistance view: voltage response orr Al ot ¥it) ¥ift)
v(E)=c0+c =i{t)+c2=i(t) 2 +c3%i(t) 3 +... R re
i2(t)=piecewise-linear(vl(t
v(t)=piece-wise-linear(i(t)) (&)= (i)
B Only the non zero polynomial coefficient need be indicated
7 Maxi ial order is 19.
i(t)=C0+C1 =V(E)+C2=V(E) " 2+C3=V(E) ~3+... ARG oyl ol dor
i(t)=piece-wise-linear{v(t
(t)=p (v() Interface | Label | Connect |
Dn['_.r_ the non zero polynomial @e}“ﬁcients need be indicated Port Type [Two PR P ,]
Maximum of order of polynomial is 12.
Expression Type [Pqiynomial V]
Interface | FParameters | Label | Connect |
Polyomial Coefficients ( non-zeros coeffs only, e.g: c0=1e-6, c1=5, c3=-0.01,..)
Response Type ’\ubfta-ge: V(tn) = f( I(tn) } :
Port Type ’Tm terminal nodes
[ oK i ’ Cancel ] I Help Apply .

Expression Type |Polynomial
Polynomial
Piece-wiselLinear

oK JT Ganeel ]|

oy
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% Nonlinear Nport - AM/PM complex enveloppe table

institut de recherche

A weorre 2P AN omrry  mu)
cimEjvr Hm a=E fe

Frz e oaB b [ mykatel AP
NEORT R HEORTLE

| Monlinear Resistance (or ndudanua} MPORT (mask) (link})
NPORT model defined by lookup table

2 possible views:

- current response type (resistance) :  Ip{t)=F(v1(t),..vM(t}), p=1,..N
- voltage response type (conductance):  vp(t)=F{i1(t)-.IN(L)), p=1...N

-> Describing function F{x1,...xN) is defined by lookup table

Interface [ Label ] L'slnne::t]
Response Type |Voltage: V{tn) = f( i(tn) )
Port Type | Two terminal nodes

Number of Left Side Ports
1

Number of Right Side Ports
0

Data File
G:\GranBois3\U\Debug\test\CR\Tunnel\data\vo2_grd11_I_nl_nport_table.bd

| | Concel | [ welp ||
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é; Generic Nport

nstitut de recherche

1,1 GFUNCTION_Example 2 1 >
<i=f(v)=
R=50
:’ 1.2 var{Serne) 22 P
Generic Model

Dynamic nonlinear model equation

-= can use real or baseband({complex I/Q) inputfoutput signal
For real signal:
- current response type:  i(E)=f(v(t),dv/dt,..., di/dt....)
- voltage response type: w(t)=f(i(t),di/dt,..., dv/dL,...)
For baseband signal:
- current response type: I[t)=F(V(t),dv/dt,..., dlfdt,....Fc(t), dFc/dt,..)
- voltage response type: V(t)=F(It),dl/dt,..., dV/dt,....Fc(t), dFc/dt,..)
FC(t) is the carrier time varying carrier frequency

Interface | Parameters | Label | Connect |

Generic Function Name

GFUNCTION_Example

Signal Type [Raeai Signal

Equation Type [ Current: I{tn) = f{ V(tn),V({tn-1),...V(tn-M), I{tn-1),..Htn-M}) )

Fort Type | Two-node Ports

Number of Left Side Ports
1

Number of Right Side Ports

1
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é; Signal generators

nstitut de recherc

ePul=VS
Z5=50+j0ohm
add-noi==1
var{Simulink)

]

s

ePulseV52

e2ToneVs
Z5=50+j0chm
add-noise=0 [+l >
vanSimulink)

e2ToneVs

Source Block Parameters: ePulseVs2

[ = ]}

eAWGVS
Z5=50+j0ohm
add-noise=0
var{Simulink)

[+]

eAWGVS

S-Function (mask) (link)

User defined Pulse voltage source

e
@ Source Block Parameters: e2ToneVS

S-Function (mask) (link)

Two-tone voltage source

Signal | Parameters | MNoise Params | Coni

Variables Type | Scerne

Signal | Parameters | Noise Params |

L=

e oo

Period (sec)
le-6[Clock™2]

Delay (sec)

0

Duty Cycle (% period)
0

Rise Time (% period)
0

Fall Time (% period)
0

Modulation Freq Start value (Hz)

]

Modulation Freq End value (Hz)

0

Pulse Start Amplitude (dBm or Volt)
Pin-3

Pulse End Amplitude (dBm or Volt)
Pin+15

[ o

Variables Type Is_im_ulink

Baseband Tone Freq 1 (Hz)
0

Amplitude Tone 1 (Unit)

0

Phase Tone 1 (deg)

0

Baseband Tone Freq 2 (Hz)

0

Amplitude Tone 2 (Unit)

0

Phase Tone 2 (deg)

0
Internal Impedance: Real Part (ohm)
30
Internal Impedance: Imag Part (ohm)
0

[ oK ][ Cancel

] [ Cancel

x

S-Function (mask) (link)

Arbitrary wave signal generator
(User data file defined)

Signal Parameters | Noise Params

Connect

Variables Type ISceme

Data File
AWG/EAWG.wedma. dat

Average Power (for dBm and Volt unit), or Mult Factor (for Free unit)

0

Data Time Step [ 0 = read from file] (sec)

0

Maximum Number of Samples [ 0 = All ]

0

Delay factor (fraction of Max sample number: 0-> 1.0)

0

Internal Impedance: Real Part (ohm)
50

Internal Impedance: Imag Part (ohm)
0

ok [cancel ] [_seb

| [ Apply |

{
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Y@Probes

institut de recherche

[¥] Mout

elWWaveform

T

[m]A-El Meter !

(1-0)

[n2] |
Al
[B] |

ABmeter

LY.

[in] MF

ACFR
El ansimuling

Y4

[ Pt [out] V@ rSimulin

St

eSpectrum MoiseFigure

PowerRatio

| Wave METER (mask) (link)

WMETER senses Voltage/Current or Incident/Reflected wave through
pins [n1]->=[n2] and reproduces these on pins [V, [I] or [A], [B].

-> WMETER does not load pins [n1]->[n2], and pins [V], [I] or [A],
[B] behave as ideal voltage sources.

Signal mI

Signal Type [Ea&e_ﬁam_i'aign_m

Fin Dimension (nb of wires)

1

Wave Meter Type |A & B Meter

V& I Meter

A & B Meter

V& 7 Meter

A B GAMMA Meter

A B WVSWR Meter _
OK || Cancel [[ Help || Apply |

Université m i
4 de Limoges  Universite
acPoiticrs




¥

Scerne Architecture
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Université o
74 de Limoges Ui s
e 101

versite
Poitic



Others Env.\ €.8. Catia, Vision
system

s?gizztrir LibScefneSimulink LibseetnePlugnPlay
Scerne_Intérface _Simulink e_Interface_PlugnPlay
N (netlist,|run, display) (netlist, run,display)
AN o RF SCERNE system simulator

§Scerne_Library
subsystem :

SCERNE

Component n

-~
~—
e e, e, e, e m—-—-

Scerne_Model
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Export functionalities

X

Scerne_Library

Scerne_BModel

/)

Scerne_LeafModel Scerne_ReuseModel

\

Scerne_MetaModel

/

Scerne_IPCModel

Scerne_

End user
simulator

SCERNE
simulator

LibScernelmport (DLL+Exe)

Scerne_Librar) (Linked object and JPC models)

Export

API
CERNE Export

Scerne_Library
clone

LinkedModel

Scerne_Library

Université
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Vision tool
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Yé , VISION tool

institut de recherche

Logiciel
VISION

3 Applications

= —
- rove »

0 o 0

2 {1k

it hoad. P e WP, 2

AL [ ] ‘ =T

Desired at 21GHz h
at -100dBm

o ) 1o

o L

11 g i ‘ _]_:_.

CW Tones a it 1.4GHz and 2.4GHz
at -30dBm each

System Modeler

Visualization Device Modeler

O Outil qui permet de O Outil qui réalise I'extraction de U Outil qui réalise la
Visualiser et mettre en forme la modeles de composants a partir  concaténation de modeles de
visualisation des résultats obtenus de mesure ou de simulation. composants afin d'embarquer leurs

via le Device Modeler et le System interactions dans un modele
Modeler. systeme autonome.
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X/, VISION tool

institut de recherche

Data IN VISION SYSTEM MODELER \
Circuit >
—Z= | o
Modeler e Circuit Models S
o _ e System
e Circuit e Schematic
Models ' Model
HY Circuit q  Schematic equations > SECUNN - Solver >
Modeler Editor Mogeier
Circuit

Modeler /
TR module model

\ -

VISION System Model

Inclusion of mismatches between bloc
1,2,3, & memory effects
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. VISION — IHM Device Modeler (settings)

de recherche

i
Project Vues

s =
=002
pom PA » HPA_UHFBF
L.004 =
005
- HPA_UBF settngs 9|
001 1/l | enerats 2
002 T
ooz Name: HPA_UHFBF
- HPA_UHF L Model: HPA-U-HFLF
001 Detail:
002
003
004
005
006 Extraction Settings a
7 1-Tone data fle: sers\descubes!Desktop DebugData\HPAYMINI_PA\PSPE_ITOMEWMINHPA_UHF_31freq_bande 100MHz. txt P
2 Tones data fle: |Dr\Users \descubes Desktop Debug\Data HPAWMINT_PAPSPE_ZTONEMInHPA_UBF_31freq_bands 100MHz. bet o]
Power approximation: [splines =
Power approximation order: | J [min = 1]
HF frequency approximation: -J
HE frequency approximation order: | | fmin =1
LF frequency approximation: | Poles/Residues. - |
e i LF frequency approximation order: |3 | fmin =11
@ Visualization = Instant frequency model order: [1] Dynamic First order: () = flw{t), ) -
Technological dispersions: none -
(&) pata explorer 2-0x
E ba Extraction Options A
-l Devices Measurement aberration and noise polish filters
=12 Results CW power gain aberrations: Order 0 (no filter) -
B HPA CW group delay aberrations: Order 0 (o fiter) =
I HPA_BHFTH
HPA UBF 2-tone frequency response aberrations:  Order 1 (Polynomial 1) «
HPA_UHFL 2-tone power response aberrations: | Order 1 (Polynomial 1) =
= ;P“FBF Extraction power and frequency range tune
_] charts.xml Minimum input power (dBm): -1000 [min = -1000.0, max = 1000.0]
) output_vs_freq_hf.dat Maximum input power (dBm): 1000 [min = -1000.0, max = 1000.0]
|| output_vs_power_hf.dat Minimum modulation frequency (Hz): 0 [min = 0.0]
_| output_vs_freq_bf.dat Maximum medulation frequency (Ha): | 1210 fmin = 0.0]
j et Freauency gd aversanpling i fmn=1]
J test. TEST 1.IMD3.power . txt Extraction verification output
HPA_UHFBF_DPD Principal output results: Model input-output
- LNA
Test plan ¥
I Extract [ @opeet= |
T e e — — Th —
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-, VISION — IHM Device Modeler (graphics results)

institut de recherche

Efviion - -
Project Vues
] Applications # = 0O X || {29 Workspace r-0Ox
002 -
= /@) VISION > Device modeler » HPA » HPA_UHFBF » 001
i - =
- HPA_UBF Settings | Debug | Output oraphs | Test graphs|
001 ||| Pigures: : Amplifier: Volterra Model HPA-U-HFBF [2Tone RF/RF Parametric Gain)] - plot 2/5
002
003 dB[Parametric RF/RF gain] [par=Pin deg[Parametric RF/RF gain] [par=Fin]
: \Volterra Madel HPA-L-HFBF [TTone RF/IMD3 Conversion 15 I — I N |
S HPA_UHFL == 140 1 — —3.2e.|
vl Valterra Model HPA-LI-HFEF [{Tone DC consumption] - pl . ———— ! | 1] Dta || Model [err=3.2e-002]
02 Volterra Madel HPA-L-HFBF [TTone RF/DC Conversion G — —— Model [err= 7.5e-002] 130  Data
13 : = -
] e 120
003 12 e L N ||
-.004 i \ __‘vyf-f g ﬁ%§ - -
-.005 = &
T 4 L i e R N N B om
= g . s N LA =S N “‘4\__‘_‘ E N
= 1
E . el g i e — = N
= i S e e e s e et NN 5
g S o SN % n
g == A ==
s “:i-\— A N &
; S = s =
i =
3 I~ I i s S 0
| ] | | =
2 30
- L4 Y R s TG b DD D e a5 8 SRS E
{i# Visualization - AR R e e R BN e e WO oy oW R bRl wow - - 8 & @& @ 3 4 8 8
[El pata explorer L | O —— . dFreq(MHz)[FO = 0.83 GHz] dFreq(MHz)[FO = 0.83 GHz]
=5 pata
Graphs: "
i3 Dy dB[Parametric RF/RF gain] [par=Fre deg[Parametric RF/RF gain] [par=Fre
i ?RE‘”T: dB[Parametric RF[RF gain] [par=Pir] e 9IF BRI " L | 2l BEHE il
& :;J deg[Parametric RFJRF gain] [par=Pir] : — - | 140 ] Model [err=3.26.002]
- 14l — -
{5 HPA_BHFTH dBlPaamcicRERS gain] [per Frel = = —— Model [err=7.56.002] 130 e
] HPA_UBF deg[Parametric RF/RF gain] [par=Freq] 139 - e 158 ‘—,J:: fl
= 12 |
HPA_UHFL i L] N 0
- 1 =
=~ HPA_UHFBF — = el | =
& T ig % sood|—] :‘ns/ . :2._//’:_
= ] B
charts. sl ‘;‘E s L é‘ a0l = —— : L
|| output_vs_freq_hf.dat s § a I - ——— — = )};Z_
| | output_vs_power_hf.dat = w | e -
= # 7 — & g
|| output_vs_freq_bf.dat o 70 :;7‘7 =
output_vs_power_bf.dat 8 i 0 —
|| test.TESTL.IMD3. freq. bt 5 | =
; 50
“[ ] test.TESTL.IMD3. power. txt 4 s AN I
(] HPA_UHFEF_DPD 3 I L 40 ==
- LNA & 30
2 = ) E 5 & = S o = 2 ) - ~ o T & & a4 - ) - o )
Pin (dBmy) Pin (dBm)
Options: || Thick lines. A configure
52| Add comparison | | % Remove comparizons | [ o addwofavortes | [ @ pekte |
m - — — =y [ —————
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Y /

Top-Down

Specifications ) NXP Others ..
\ Thales Safar
Matlab Dassault Cadtia
Mathworks Systemes
SIMULINK w DYMOLA ||
CR:g?nar:unication N I
system
Svstem RF Front End Model Yy
|
Top-down synthesis "\ Bottom-up verification
. Design component * Cross domain (BaseBand & RF)
. Be:slg cot tpo ents, - * Multiple formalisms (Ckt, EM, Th., Mec.)
. Bw p::)oypes, =  Multiple variables
. vu:lifpa K g * Coarse grain data
© .y,. by * Nonlinearity
* Optimize (%) X
v * Large Multiports
/ \ — o C++ model export
A T Device & circuit
Keysight LA Keysight Chq.rqc’rerizqﬁon
Cadence Y Bottom-up Rhodes & Schwarz equipments
. I | (P National Instr.( g M
. [SPECTRE -RF Verlflcal'lon anonat ins B J
. 5 Vi °° ERvaR
EM Tools MUIﬁ'PhYSiCS
ég;ys Ansys Tools
HFSS | “1‘ Comsol COMSOL ==
csT ANSYS... M
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Yé RF Front-End Modeling Challenges

. . . » Heterogeneous technologies
Higher functional complexity

* Multiple standards
* Higher data rate

_ » Larger bandwidths

| — |

» Carrier aggregation
* Low RF to Millimeter wave carriers

* Device to device communication

Co-design paradigm * RF-Baseband
* Antenna and Circuit

—

Ve

Flexible and accurate Bottom-up Model, combine and export lower-level data from
modeling methods and tools of the - Heterogeneous simulation tools and environments
RF Link - Diverse test and characterization equipments
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