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Commerclal Wireless Sensors Node

MICA2: " Surface Mount Connector | MTS310 Sensor Board:
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Microcontroller *elnnEl e : Magnetometer
_ - Ny converter _ o
® Atmel Atmega 128L Ty . * 51 pin '

® Speed: 4 [MHz]

® Runs on 128 [Kbytes]
of flash memory

® 4 [Kbytes] EEPROM

® Should be able to store 100,000
16-bit values

Temperature  Light Accelerometer
RFM radio Sensor Sensor
* CC1000

® Multi-channel Radio
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Heterogeneous System Design
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Positioning SystemC-AMS

Functional
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OSCI AMS Working Group
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« Steady growth in AMS WG: 53 individuals from 19 organizations
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— full support of universities and research institutes
— growing interest and participation of EDA vendors
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Models of Computation

SystemC-AMS

Linear
Network
Models of
LN Other computation :
Modeling Modeling
Formalism || Formalism
DE, MoCs ,
LN other |lcP,Fsm,| | *Conservative
Solver Solver etc...) Linear network

= *Synchronous
l Synchronisation Layer Data Elow

SystemC Simulation Kernel
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2.b SDF Behavioral Description

SCA_SDF_MODULE(B)

SCA_SDF_IN<double> | B

iISCA_SDF_OUT<double>

void sig_proc()

n
a,+a,S+..+a.S |

I o H (S) =
A ]
|
;¢ Output = f(input)
=
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SDF Multi-Rates

Cluster

Simulation sample time = 62.5us

TINn Tout
>. ....... < >K

el A 2——|1 B 3I—|2 C 1i--»

8 Hz 16 kHz 48 kHz 24 kHz
Simulation
rates out _sample _freq _in_sample _freq
out sample rate in_sample rate |-
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AMS Models : Integrator

SCA SDF MODULE (1 ntegrator)
In/Out sca_sdf _in < double >in;
ports B sca_sdf out < doubl e >out:
Other doubl e f;
b e e e sca_vector < double >NUM DEN, S;
Attributes sca ltf nd Itf1;
f void set _coeffs(double A){
] _ DEN (0) = 0.0;
Initialization = = = = = 4 DEN (1) = 1.0;
method sL (=
}
\
: r void sig proc(){
Signal | out. write(
processing ~— T~~~ ) Itf1(NUM DEN, S, in.read())):;
method .- |
SCA CTOR (integrator) {}};
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AMS models : Decimator

SCA SDF MODULE (deci nat or)
{

sca_sdf i n < double >In;

R sca_sdf out < double >out;
Decimator p— "
doubl e ol d_i nput;
. ....,,,. void init(){
Fissssnnnnndes e in.set _rate(2);
= E ............................. = Out_set_rate(l);

ol d_I nput =0;

: PHIE

] + Z_l—iv 12 14 7 1| void sig_proc(){

§ § : doubl e i nput =i n. read(0)/ 2;
out.wite(ol d i nput+i nput);

g N eamsssssssssmsmsmsssssssEas ' il Ol d_l nput :I nput’
FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN }
SCA CTOR (decimator){}
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RF models

Power gain  [IP3 NF Rin Rout

I

Na
iInput output
O J_ —|— alx+a3x3 Rout |—0
Rin al = f(Power gain, Rin, Rout )
—1_ a3 =f(al, lIP3)
Na = f(NF)
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RF models :

Amplitude (dBm)

-100-

lIP3 and Noise Figure Test

20k
-30+

A0

-50-
8O-
i

-110

_10_ ............................... ................................ ................................. .......

________________  FFT BW = 120kHz _

H. Ab

: i
37 2.38 2.39 2.4

Frequency (HZ) | 9

oushady et al. University of Pierre & Marie Curie 14

LIP6



Wireless Sensor Network Node

SystemC-AMS

SystemC e e -
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QPSK RF Transcelver

RF : QPSK
cos(2nf t
2.4 GHz (e c )
—»lencoder PPldemux
sin( 2nf_t)
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Taking Non-Idealities Into Account

cos(2mf1)
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BER
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Conventional Analog Design Flow
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Continuous-Time 2A Modulator
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CMOS GmC Integrator

______________ Ideal System-Level model
60, = O 2 Zeros/2 Poles System-Level model||
== Transistor-Level model

Gain (dB)

N T

10 10 10 10° 10° 10" 10" 10"
Frequency (Hz)

<
O
o

(1+s/zD)(1+s/z2)
(1+s/pl)(1+s/p2)

H(s) =K

H. Aboushady et al. University of Pierre & Maric cuiic
LIP6



Characterization Flow : Conventional method
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Characterization Flow :

Proposed Method
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Gain (dB)

2"d order CT ZAina 0.13 um CMOS
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Gain (dB)
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Modulateur A

Conversion analogique => numerique

« Suréchantillonnage : Fs >> FNyquist
» Mise en forme du bruit de quantification.
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Modulateur XA

Conversion analogique => numerique .
)
r . = 40
» Suréchantillonnage : Fs >> FnNyquist 2
» Mise en forme du bruit de quantification. =
4 :
: D
Modulateur passe-bas Fs EET | E /J
I g o.
sortie il
) - numerique |7 A s = = i o
entree s Filtre f'_ ; : Nmmalijzed Frequlenncy.f!fs : ;
analogiqu passe-bas /
- 1 bit
| 80
DAC
@ B0
£
Modulateur passe-bande F|5 [
(]
sote W) &
: Filtre numerigue 0
tr x 5
ggaE}ZMU passe-bande |_ { 7 i é
- 1 bit 1
DAC . - Nc;;mali.;:ed l;fequeﬁcy, f.:‘fs f "
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Récepteur RF avec modulateur XA passe-bande

ZA
ADC

Modulateur
passe-bas

Architecture classique VGA

RF
filter

LNA

-

DSPp

ZA
ADC M—

Modulateur

VGA passe-bas

Architecture avec XA passe-bande Objectif
Rapprocher I'ADC
de l'antenne.
RF osrls Avantage o
filter . Davantage d'opérations
LNA Modulateur en numerique.
b
passe an%E_" => robuste, programmable.
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Modulateur XA avec résonateur LC

PSDl Fonction de transfert
H(S) — W, § i du résonateur LC I
2, Wy 2 T = 0,
5 _|_E stw, Fs Q eleve I BW
J_ I
' 1
; H(s) /s 11
résonateur LC / I Ifd
S— 11 .
DAC BW f
Les resonateurs LC intégres ont un facteur de
qualité Q peu elevé (Q=10).
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Probleme : facteur de qualité bas

Fs

H(s)
réesonateur LC

DAC

v
1
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iy
lllllllllllll
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du résonateur LC

Q éleve

_ £y
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|
L
14

BW

|||||||||||||||||||||||||||

Les resonateurs LC integres ont un facteur de

qualite Q peu eleve (Q=10).

Probleme : Q| => SNR

l, => résolutionl,
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Résonateur électroméecanique BAW

BAW = Bulk Acoustic Wave

Bottotn Metal

} Top Wletal
_ piezoelectric film
| argap electrodes
Piezo materal

Z-firection

Si wafer

Avantages : - facteur de qualite eleve (plusieurs milliers).
- composant integrable (compatible CMOS).
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Modulateur ZA avec résonateur BAW

T TT L LT O Y LTI CTTP TP
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La réponse en fréequence: resonateur LC vs BAW
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Annulation de I'anti-résonnance

o B R R A R R R N 20
t %
1 I
I Lm £ ¥ \ ‘ l ¥(s) o
x(s) AAAA Rm cm i E| )
| | L i
i Rs | | I . 40
| — VW '
I R ' & g0}
1 i Cp | -g
 H 5 (s) 5 ) e
s - [l
- X(5 5 JFE £
( J : | | E Ry —— HAW resonatar
E | | E = = = L resonator
: E . . . - - BAW |'E-s-::una1ml with amli—lasmance I:EI'I-:I.‘:E'llatiﬂﬂ
""-;,“"EEE“".; —40[] 0.05 N 0.15 0.2 0.25 0.3 0.35 0.4 0,45 0.5
normalized frequency (s}
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Modulateur ZA BAW avec annulation de I'anti-résonnance

fs
X(s) Y(z)
4>$—> Heaw (S) — -
FIRDAC,(s) FIRDAC,(s)
‘ T
70 T T
[ = = = DT modulator
J ----- CT with BAW resonator
g0 H = CT with BAW resonator & anti-resonance cancellation
50
& & 401
5 2
2 z
& _sof w1 301
~100f - anl
-120F E 101
BAW Medulator output spectrum
with anti-resonance cancelation -
o i | 1 1 I T | T T |’_‘| L 1 L 1 1 1 1 L
MOCI 0.05 01 015 D2 0.25 0.3 0.35 D4 0.45 05 ~45 —40 -35 =30 ) -25 -20 ~-15 =10 -5 Q
rormalized frequency (fifs) input amplitude (dE)
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4. Wireless Sensor Network Node

SystemC-AMS

SystemC e ‘_ _

7 l, —WHPS-33—]

A/D Converter Microcontrollg — fz_b_'ts_ _ !

ZA r | —>
— modulatorI 2nd order 1 aton | l— RF Transceliver |-
) osmeos Preain | (ool
‘decimator: 10 bits Y : QPSK :
'RZ feedback | If_C_2_4£322_ |
f - )
8.53 MHz 2.4 MHz 2.4 GHz
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s

Wireless Seismic Sensor Network

2.4 GHz communication channel

15

-

H. Aboushady et al.
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MIPS i MIPS RX||TX
I 1 4—| vV L 1 1 i I 1 <—I vV L 1 1
Cache ICU Timer | |Serdes i Cache ICU Timer | |Serdes
| | | | | | | | i | | | | | | | |
Interconnect Interconnect

| | ; | | : | | i | | - | | - | |
RAM Seismic 12C i RAM Seismic 12C
Node 0 senfsor Ctrl : Node 3 senfsor Ctrl
Seismic perturbation generator
[ ] Digital, BCA, SocLib
[ ] Analog, SystemC-AMS TDF, RF
[ ] Analog, SystemC-AMS TDF, Physics, ZA
[ | Analog, SystemC-AMS ELN, Electrical, Bus
I Embedded software
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Geometry (1)
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Geometry (2)

20 30 40 50

C2(1585) C3(85,85)

] ] ) 1 1 1 1 ] 1

| | 1 1 ) ) ) ) 1 1 1 1 ] ]

| | | | | | | | | | | | | |

| | | | | | | | | | | | |
80 p———————

1 1 1 1 1 1 1 1 1 1
1 1 ] ] ] 1 1 1 1 1
1 1 ] ] ] 1 1 1 ] ]

CO= 565415
C1l=751414

C2=1156414
C3=1265414
C1(85,15)
c0(15\§5) / dlst(O) C1(85,15)
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Geometry (3)

20 30 40 50

C2(1585) C3(85,85)

1 1 1 1 1 1 1 1 1

| I 1 1 1 1 1 1 1 1 1 1 1 1

I I 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1
80 —— N

1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1

el

— ./ dist2) | dist(0)= V(751414 — 565415)
dist(1)= V(1156414 — 565415)
dist(2)= V(1265414 — 565415)

g [ms141af 0 CHERD)
Wil Ay >
C0(15\¥5) \_'__"/i/ » / dlst(O) C1(85,15)
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Geometry (4)

\I.-"'I:I(('T':l X (.1 o T Ve, 2) = \II,-"::(('TCD T Ye )+ (1‘,:D 1 Ve 2) +dist(0) (1)
\I:,.-"'I({.T,:z +x ( Ve, T Ve -}2) = \I:,-"':({.T,:D L x P+ (J‘CD T Ve 2) +dist(1)y (2
\II,.-""({-T,:E, TN+ (e, e '}2) = \I:.-"':((.T,:D T xe P (s e 2) +dist(2)

Use euclidian distance and Pythagore’s theorem
Keep only the two former equations (1) and (2)
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Geometry (5)

J1{Xes ¥,) = ;,.-"'I((.T,:l — X )+ (J*,:l — J‘E)E) — \;,.-"'I((.T,:D — Xe)* + (j‘CD — j*e.)g) — dist(0)=0

\

I,..-"';((-Tcz — X )t + (.1‘,32 — .1;3)2) — \;.-";((-*rc,j — )+ (J‘CD — ;re)z) — dist(1)=0

\

- Can be rewritten as a system of 2 implicit functions
- Is a system of two non-linear equations
- Can be solved by an iterative approach
pick up initial solution for (xe,ye)
then iterate while necessary
1) linearization of the system
2) gaussian elimination, find roots

ﬁ('TE* ,Tg} —
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Conclusion

o SystemC-AMS can be used to model complex
heterogeneous systems including:

 Analog and RF blocks with accurate models extracted
from transistor-level characterization.

* Advanced Digital blocks with embedded software
managing:

e RF communication standards

« Solving a system of non-linear equations

e This environment can be very useful in optimizing t he

design of highly heterogeneous such as Wireless
Sensors Network.
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