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Commercial Wireless Sensors Node

• General Purpose

• Bulky, high power consumption

• Not adapted to many applications
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OSCI AMS Working Group

• Steady growth in AMS WG: 53 individuals from 19 organizations
– strong drive from semiconductor industry
– full support of universities and research institutes
– growing interest and participation of EDA vendors
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SystemC Simulation Kernel

DE, MoCs
(CP,FSM,

etc…)
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2.b SDF Behavioral Description

A

B

Input

O
utputBehaviour

C

SCA_SDF_MODULE(B)

SCA_SDF_IN<double>
SCA_SDF_OUT<double>

void sig_proc( )

f(input)Output

Sb...Sbb
Sa...Saa

H(S) m
m10

n
n10

====••••

++++++++++++
++++++++++++====••••
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SDF Multi-Rates

A B C1 2 1 3 2 1

8 Hz 16 kHz 48 kHz 24 kHz

rate_sample_in
freq_sample_in

rate_sample_out
freq_sample_out ====

s5.62 µµµµ====Simulation sample time

Simulation 
rates

Tin Tout

Cluster
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AMS Models : Integrator

S
A

SCA_SDF_MODULE (integrator)
{
sca_sdf_in < double >in;
sca_sdf_out < double >out;

double f;
sca_vector < double >NUM,DEN,S;
sca_ltf_nd ltf1;

void set_coeffs(double A){
DEN (0) = 0.0;
DEN (1) = 1.0;
NUM (0) = A;

}
void sig_proc(){
out.write(

ltf1(NUM, DEN, S, in.read()));
}
SCA_CTOR (integrator) {}};

∫
In/Out 
ports

Other 
Attributes

Initialization 
method

Signal 
processing 
method
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AMS models : Decimator

1z1 −−−−++++

Decimator

21z1 −−−−++++2 1z1 −−−−++++2

SCA_SDF_MODULE (decimator)
{
sca_sdf_in < double >in;
sca_sdf_out < double >out;

double old_input;

void init(){
in.set_rate(2);
out.set_rate(1);
old_input=0;

}
void sig_proc(){
double input=in.read(0)/2;
out.write(old_input+input);
old_input=input;

}
SCA_CTOR (decimator){}

};
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RF models

Power gain NF Rin RoutIIP3

Na

input output
Rout

Rin a1 = f(Power gain, Rin, Rout )

a3 = f(a1, IIP3)

Na = f(NF)

a1x+a3x³



H. Aboushady et al. University of Pierre & Marie Curie 
LIP6

14

Input amplitude = -16.02 dBm

Power Gain = 10 dB

IIP3 = 10 dBm

NF = 30 dB

RF models : IIP3 and Noise Figure Test

FFT BW = 120kHz
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Wireless Sensor Network Node

A/D Converter Microcontroller

RF Transceivermodulator
Σ∆

decimator

Application
Binary File

8.53 MHz 2.4 MHz 2.4 GHz

SystemC

SystemC-AMS

2nd order
OSR=64
10 bits

RZ feedback

QPSK
fc=2.4GHz

MIPS 
32 bits 
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QPSK RF Transceiver

RF : QPSK 
2.4 GHz

encoder demux

filter

filter

muxLNA

T
1

T
1

)tf2cos( cππππ)tf2cos( cππππ

)tf2sin( cππππ )tf2sin( cππππ
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Taking Non-Idealities Into Account

Channel Noise DC Offset

Frequency Offset Phase Mismatch
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Bit Error Rate (BER)
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DAC

+
- -

+Ts
Aint

1/T

With Accurate Integrators Model
With Ideal Integrators Model

Continuous-Time Σ∆Σ∆Σ∆Σ∆ Modulator

Ts
Aint

)...2p/s1)(1p/s1(
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DDV
0I 0I 0I 0I 0I 0I

BCV

SSV

ii ii−−−−oi oi−−−−

C C

CMOS GmC Integrator
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2nd order CT Σ∆Σ∆Σ∆Σ∆ in a 0.13 µµµµm CMOS

Specifications: SNR= 60 dB, OSR = 64, BW = 200 kHz

Σ∆Σ∆Σ∆Σ∆ output Power Spectral DensityGmC Frequency Response

SNR=47dBSNR=47dB

SNR=68dBSNR=68dB

Transistors length: L1=10 µm, L3=9 µm
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SNR=68dBSNR=68dB

SNR=68dBSNR=68dB

2nd order CT Σ∆Σ∆Σ∆Σ∆ in a 0.13 mm CMOS

Specifications: SNR= 60 dB, OSR = 64, BW = 200 kHz

Σ∆Σ∆Σ∆Σ∆ output Power Spectral DensityGmC Frequency Response

Transistors length: L1=3 µm, L3=0.18 µm
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Modulateur Σ∆ avec résonateur BAW
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La réponse en fréquence: résonateur LC vs BAW
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Annulation de l’anti-résonnance
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Modulateur Σ∆ BAW avec annulation de l’anti-résonnance
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4. Wireless Sensor Network Node

A/D Converter Microcontroller

RF Transceivermodulator
Σ∆

decimator

Application
Binary File

8.53 MHz 2.4 MHz 2.4 GHz

SystemC

SystemC-AMS

2nd order
OSR=64
10 bits

RZ feedback

QPSK
fc=2.4GHz

MIPS 32
32 bits 
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Wireless Seismic Sensor Network
2.4 GHz communication channel

MIPS

Cache ICU Timer Serdes

Interconnect

TXRX

RAM
Seismic
sensor

I2C
Ctrl

Seismic perturbation generator

MIPS

Cache ICU Timer Serdes

Interconnect

TXRX

RAM
Seismic
sensor

I2C
CtrlNode 0 Node 3

…

Digital, BCA, SocLib

Analog, SystemC-AMS TDF, Physics, ΣΔ
Analog, SystemC-AMS ELN, Electrical, Bus

Analog, SystemC-AMS TDF, RF

Embedded software

SOFT SOFT

N3N2

N0 N1

(xe,ye)
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Geometry (1)
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Geometry (2)
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Geometry (3)
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C0= 565415

dist(0)= V*(751414 – 565415)

dist(1)= V*(1156414 – 565415)

dist(2)= V*(1265414 – 565415)

C1(85,15)
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Geometry (4)

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

(1)

(2)
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Geometry (5)

- 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
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Conclusion

• 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: 

• RF communication standards

• Solving a system of non-linear equations

• This environment can be very useful in optimizing t he 
design of highly heterogeneous such as Wireless 
Sensors Network.
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