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Chapter  14

INTRODUCTION

Nowadays, the electromagnetic compatibility 
(EMC) analysis of integrated circuit (IC) design 
has become an important issue due to the rapid 
increasing of electromagnetic interference (EMI) 
and the tendency of adopting tremendous technolo-
gies such as higher operating frequency, higher 
dissipation and lower supply voltage (Bendhiaet 
al., 2005). On the other hand, the progress in the 

macromodeling technology (Leontaris & Bill-
ings, 1987) extends its applications to provide 
representations of various kinds of ICs under 
measurement. It has also been integrated with 
more intelligent algorithms, such as fuzzy neural 
networks (FNNs), vector fitting (VF) and so on 
(Mutnury, 2005). However, the primary purpose 
of macromodeling is to search for a mathematical 
model that approximately describes input-output 
mapping in terms of equations. Furthermore, both 
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ABSTRACT

This paper describes a novel technique for multiple parameter extraction of the S12X TEM cell model 
using a fuzzy logic system (FLS). The FLS is utilized to capture the circuit information and to extract 
the circuit parameters based on experiential knowledge. The proposed extraction technique uses both 
linguistic information (i.e., human-like knowledge and experience) and numerical data of measurement to 
construct the fuzzy macromodel. The simulation results confirm the validity and estimation performance 
of the equivalent circuit by the advocated design methodology.
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IC vendors and designers need to extract the ac-
curate parameters of the models.

According to its inventor, Zadeh, fuzzy logic 
systems (FLSs) were particularly developed as a 
methodology for numerical processing and other 
inaccurate models which have no other ways to 
solve this difficulty (Zadeh, 1965; Lin et al. 2007a, 
2007b). Undoubtedly, fuzzy logic systems have 
been applied successfully in many engineering 
territories. Applications, such as control engines, 
fault tolerance, parallelism, have exhibited that 
fuzzy systems can produce better performance 
than conventional techniques. In the field of cir-
cuit design, the major benefit of an FLS is that it 
provides mathematical strength to the emulation 
of certain circuit behavior which can be substi-
tuted by simple “IF-THEN” relations instead of 
complicated descriptions. Then, the circuit model 
can infer measurement information properly by 
using linguistic attributes associated with human-
like cognition and adoptive capacity.

According to Lin et al. (2008), an FLS was 
able to model high frequency effects of parasitic 
elements of a circuit by extracting values of sym-
metric parasitic capacitors. For the consideration 
of multiple components, organizing fuzzy sets, 
deciding the shape of membership functions (MFs) 
are required to improve the fitting performance due 
to the correlation among each element of models. 
The fuzzy set theory provides interconnection 
between logic and intuition by acquiring the quan-
titative and appropriate experiential knowledge. 
It forms a series of reasonable regulations or 
connections by means of a fuzzy inference engine 
(FIE) that combine fuzzy IF-THEN rules into a 
mapping from fuzzy sets. After aggregating the 
results from these fuzzy IF-THEN rules, the fuzzy 
defuzzifier converts the aggregation result into a 
crisp quantity for further processing. A suitable 
modeling methodology is required to increase the 
information of measurement through the modeler’s 
judgment. To this purpose, we propose an effec-
tive approach with software assistance, which 
has been developed to help building an integrated 

circuit emission model (ICEM) (IC-EMC, 2006), 
by using SPICE transient simulation.

The main objective of this paper is to demon-
strate the extraction capability of a single model 
to predict the electromagnetic emission of a digital 
circuit by using a FLS. The remainder of this 
paper is organized as follows. First we describe 
the model of the test chip. Next we present the 
framework of the FLS. Then the extracting 
procedure of modeling circuits with the FLS is 
proposed. Experimental results of the extracting 
procedure are given in and we conclude the find-
ings of this study.

MODELING OF THE 
CIRCUIT UNDER TEST

This paper works on the model of a commercial 
component, which is named S12X 16-bit micro-
controller and has been widely embedded in auto-
motive electronic systems. Various conducted and 
radiated emission measurements were performed 
and a single ICEM model was proposed to predict 
the emission spectrum level (Labussiere et al., 
2008). Radiated measurements were done in a 
gigahertz transverse electromagnetic (GTEM) 
cell designed to extend the frequency range of 
measurement (typically up to 18 GHz) higher than 
a TEM cell in the frequency domain due to its 
match termination and tapered structure (IC-EMC, 
2002). The protocol for IC emission measurement 
in the GTEM cell is shown in Figure 1. For each 
program running in the microcontroller and the 
different orientations of the test board in the cell, 
we select the maximum radiated spectrum as the 
desired data. Frequency of interest is limited to 
be up to 2GHz.

From these measurements and the basic 
physical information about the circuit (technol-
ogy, power supply pin number, size of the die and 
so on), the SPICE model shown in Figure 2 was 
proposed to predict the emission level of the test 
chip (Labussiere et al., 2008). The model of S12X 



 

 

10 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/integrated-circuit-emission-model-

extraction/67491

Related Content

Analysis of Sentiment on Movie Reviews Using Word Embedding Self-Attentive LSTM
Soubraylu Sivakumarand Ratnavel Rajalakshmi (2021). International Journal of Ambient Computing and

Intelligence (pp. 33-52).

www.irma-international.org/article/analysis-of-sentiment-on-movie-reviews-using-word-embedding-self-attentive-

lstm/275757

A Systematic Literature Review on Virtual Reality in Supply Chain Management
Asmae El Jaouhari, Othmane Lahssini, Jabir Arifand Fouad Jawab (2026). The Role of AI in Sustainable

Supply Chain Management (pp. 25-46).

www.irma-international.org/chapter/a-systematic-literature-review-on-virtual-reality-in-supply-chain-management/404462

IoT-Based Smart Solar Energy Monitoring System
Annika Gupta, Tatwamashi Panda, Pranavi H. S. Peddadaand P. Sriramalakshmi Arun (2023). AI

Techniques for Renewable Source Integration and Battery Charging Methods in Electric Vehicle

Applications (pp. 156-173).

www.irma-international.org/chapter/iot-based-smart-solar-energy-monitoring-system/318633

Economic Political and Social Consequences of AI Understanding the AI Technologies Influence

With Creative Destruction
Altu Günar (2025). Economic and Political Consequences of AI: Managing Creative Destruction  (pp. 1-20).

www.irma-international.org/chapter/economic-political-and-social-consequences-of-ai-understanding-the-ai-technologies-

influence-with-creative-destruction/368092

Exploring the Impact of Online Reputation on Zibo's Competitiveness in China
Ke Xu, Célia M. Q. Ramosand Dora Agapito (2025). Impacts of AI-Generated Content on Brand Reputation

(pp. 285-312).

www.irma-international.org/chapter/exploring-the-impact-of-online-reputation-on-zibos-competitiveness-in-china/383247

http://www.igi-global.com/chapter/integrated-circuit-emission-model-extraction/67491
http://www.igi-global.com/chapter/integrated-circuit-emission-model-extraction/67491
http://www.irma-international.org/article/analysis-of-sentiment-on-movie-reviews-using-word-embedding-self-attentive-lstm/275757
http://www.irma-international.org/article/analysis-of-sentiment-on-movie-reviews-using-word-embedding-self-attentive-lstm/275757
http://www.irma-international.org/chapter/a-systematic-literature-review-on-virtual-reality-in-supply-chain-management/404462
http://www.irma-international.org/chapter/iot-based-smart-solar-energy-monitoring-system/318633
http://www.irma-international.org/chapter/economic-political-and-social-consequences-of-ai-understanding-the-ai-technologies-influence-with-creative-destruction/368092
http://www.irma-international.org/chapter/economic-political-and-social-consequences-of-ai-understanding-the-ai-technologies-influence-with-creative-destruction/368092
http://www.irma-international.org/chapter/exploring-the-impact-of-online-reputation-on-zibos-competitiveness-in-china/383247

