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European foreword 
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approved by CENELEC as EN 62433-4:2016. 
 
The following dates are fixed: 
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standards conflicting with the 
document have to be withdrawn 
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Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 

Endorsement notice 

The text of the International Standard IEC 62433-4:2016 was approved by CENELEC as a European 
Standard without any modification. 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
EMC IC MODELLING –  

 
Part 4: Models of integrated circuits for RF immunity behavioural  

simulation – Conducted immunity modelling (ICIM-CI) 
 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62433-4 has been prepared by subcommittee 47A: Integrated 
circuits, of IEC technical committee 47: Semiconductor devices. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

47A/988/FDIS 47A/989/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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EMC IC MODELLING –  
 

Part 4: Models of integrated circuits for RF immunity behavioural  
simulation – Conducted immunity modelling (ICIM-CI) 

 
 
 

1 Scope 

This part of IEC 62433 specifies a flow for deriving a macro-model to allow the simulation of 
the conducted immunity levels of an integrated circuit (IC). This model is commonly called 
Integrated Circuit Immunity Model – Conducted Immunity, ICIM-CI. It is intended to be used 
for predicting the levels of immunity to conducted RF disturbances applied on IC pins. 

In order to evaluate the immunity threshold of an electronic device, this macro-model will be 
inserted in an electrical circuit simulation tool. 

This macro-model can be used to model both analogue and digital ICs (input/output, digital 
core and supply). This macro-model does not take into account the non-linear effects of the IC. 

The added value of ICIM-CI is that it could also be used for immunity prediction at board and 
system level through simulations. 

This part of IEC 62433 has two main parts: 

• the electrical description of ICIM-CI macro-model elements; 

• a universal data exchange format called CIML based on XML. This format allows ICIM-CI 
to be encoded in a more useable and generic form for immunity simulation. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 62132-1, Integrated circuits – Measurement of electromagnetic immunity – Part 1: 
General conditions and definitions 

IEC 62132-4, Integrated circuits – Measurement of electromagnetic immunity 150 kHz to 1 
GHz – Part 4: Direct RF power injection method 

IEC 62433-2, EMC IC modelling – Part 2: Models of integrated circuits for EMI behavioural 
simulation – Conducted emissions modelling (ICEM-CE) 

ISO 8879: 1986, Information processing – Text and office systems – Standard Generalized 
Markup Language (SGML) 

ISO/IEC 646: 1991, Information technology – ISO 7-bit coded character set for information 
interchange (7-Bit ASCII) 

CISPR 17, Methods of measurement of the suppression characteristics of passive EMC 
filtering devices 
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3 Terms, definitions, abbreviations and conventions 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1.1  
section 
XML element placed one level below the root element or within another section and that 
contains one or more XML elements, but no value 

3.1.2  
parent 
keyword which is one level above another keyword 

3.1.3  
child 
keyword which is one level below another keyword 

3.1.4  
external terminal 
terminal of an integrated circuit macro-model which interfaces the model to the external 
environment of the integrated circuit 

EXAMPLE Power supply pins and input/output pins. 

Note 1 to entry: In this part of IEC 62433, a terminal is by default considered as external unless otherwise stated. 

[SOURCE: IEC 62433-2:2008, 3.1, modified – Note 1 to entry has been changed, Example 
has been added] 

3.1.5  
internal terminal 
terminal of an integrated circuit macro-model's component which interfaces the component to 
other components of the integrated circuit macro-model 

[SOURCE: IEC 62433-2:2008, 3.2] 

3.1.6  
parser 
tool for syntactic analysis of data that is encoded in a specified format 

3.1.7  
CIML 
Conducted Immunity Markup Language 
data exchange format for ICIM-CI model 

3.1.8  
CIMLBase 
Conducted Immunity Markup Language Base 
abstract type from which all CIML model components are directly or indirectly derived in the 
ICIM-CI model definition 

3.1.9  
DI 
Disturbance Input 
input terminal for the injection of RF disturbances 

Note 1 to entry: It could be any pin of IC, an input, supply or an output. 
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3.1.10  
DO 
Disturbance Output 
terminal whose load influences the impedance of DI terminal, and/or the transfer 
characteristics of PDN, and that outputs a part of the disturbance received on the DI terminals 

3.1.11  
OO 
Observable Output 
output terminal where the immunity criteria are monitored during the test 

3.1.12  
GND 
Ground terminal 
terminal that is used as reference for return path 

3.1.13  
PDN 
Passive Distribution Network 
block that describes the impedance network of one or more ports of the integrated circuit 

3.1.14  
IB 
Immunity Behaviour 
block that describes the internal immunity behaviour of the IC 

3.1.15  
IBC 
Inter Block Coupling 
block that describes the coupling network between different PDN blocks within an IC 

[SOURCE: IEC TS 62433-1:2011, 3.3] 

3.1.16  
VNA 
Vector Network Analyzer 
instrument to measure complex network parameters such as S-, Y- or Z- parameters in the 
frequency domain 

3.1.17  
RFIP 
Radio Frequency Injection Probe 
probe for injecting RF disturbances into a pin of an IC allowing measurement of voltage and 
current 

3.2 Abbreviations 
CIM  Conducted Immunity Model 
XML  eXtensible Markup Language 
SPICE Simulation Program with Integrated Circuit Emphasis 
ESD  ElectroStatic Discharge 

3.3 Conventions 

For the sake of clarity, but with some exceptions, the writing conventions of XML have been 
used in text and tables. 
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4 Philosophy 

Integrated circuits contain more and more gates, the integration density of technologies is 
increasing and supply voltages are becoming lower. The reduction of distance between on-
chip signals, die geometry size reduction and the increase of unwanted currents in parasitic 
structures, such as isolation capacitances, leads to increased internal crosstalk. 
Consequently, the immunity of integrated circuits is becoming more and more critical. 

Due to this increased risk of lower IC immunity, the use of models and simulation tools is 
required to optimize the immunity behaviour of both the IC and the application. 

This part of IEC 62433 describes such macro-models for simulating immunity behaviour at the 
IC level. The model, called ICIM-CI, will be used to predict electromagnetic immunity at the 
application level. This model is based on files describing the PDN and the IB containing data 
on electromagnetic disturbances leading to a variation of one or more observable signals. The 
PDN is considered to be linear, while the inherent non-linearity of the IC is taken into account 
in the IB. This assumption is shown in 8.2 (see Figure 25). Users of the model should apply a 
failure criterion to the observable signal depending on their requirements. 

ICIM-CI model data is arranged in a decipherable nested manner using XML format. The 
objective of this exchange format, called Conducted Immunity Markup Language (CIML), is to 
create simple and practical universal access to the ICIM-CI model. The preliminary definitions 
for XML representation are given in Annex A. 

5 ICIM-CI model description 

5.1 General 

The internal structure of an IC can be broken down into two parts: 

a) Passive parts (parasitic elements of pins, bondings and tracks, ESD protection), which 
conduct the disturbances from the external environment to the internal IC blocks, 

b) Active parts (CPU core, clock system, memory, analogue blocks). It is these active internal 
blocks which are sensitive to the incoming disturbances. 

The ICIM-CI model consists of a set of data describing these two parts: 

• PDN: the Passive Distribution Network is a multi-port circuit. It is composed of four 
different terminals: 
– DI: Terminals to which disturbances are applied, 
– DO: Terminals that can influence the impedance of the DI terminals and consequently 

receive a part of the disturbance applied on the DI terminals, 
– GND: PDN shall have one or more ground terminals (such as digital ground, analogue 

ground), 
– Internal terminals: Terminals that can influence the impedance of the DI terminals and 

are internal to the IC (at chip-level). 

• IB: The Immunity Behaviour component that describes how the IC reacts to the applied 
disturbances (referenced to one ground terminal of the PDN). The immunity criterion is set 
on terminals that are called Observable Output (OO). These OO could be associated or 
not to the various DI, depending on the configuration of the IC. 

NOTE 1 DI, DO, OO and GND terminals are external terminals and are interfaced at pin level. These pins connect 
to the external environment of the IC. 

NOTE 2 OO terminals link the PDN to the IB. Though these terminals are external on the IC and are used to 
obtain the IB by monitoring the immunity criterion, they are virtually represented (internally) on the PDN of the 
ICIM-CI macro-model. 
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Figure 1 represents an example of ICIM-CI model structure. 

 

Figure 1 – Example of ICIM-CI model structure 

There is no direct electrical connection between the PDN block and IB block. The PDN 
represents the input impedance of the DI. The power entering the DI is calculated by 
simulation based on the PDN and the external environment. IB links the power entering the DI 
to an immunity criterion monitored at OO. The IB is obtained by an immunity measurement of 
the IC, by means of monitoring the OO terminal. 

Depending on the IC’s operating conditions and stability, DO terminals may be present. One 
such example is illustrated in Annex B. 

Different ICIM-CI models can be combined to model and describe a full electronic system 
such as an electronic board. That proposed structure can also be used to model an item of 
equipment. The DO terminal of one ICIM-CI model can be used to connect with the different 
terminals of neighbouring ICIM-CI blocks 

Figure 2 gives an example of a complete ICIM-CI model of an electronic board. The board is 
fully described by three stand-alone ICIM-CI models. T12 and T21 are connected together 
and they receive the same disturbance. The ICIM-CI_1 propagates a fraction of its 
disturbance to the ICIM-CI_3 model through its T14 (DO) terminal, which is connected to the 
T31 (DI) terminal of the ICIM-CI_3 model. 
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Figure 2 – Example of an ICIM-CI model of an electronic board 

The valid frequency range of the ICIM-CI model is the same as that of the data (simulation or 
measurement) used for obtaining the PDN and IB parts. 

5.2 PDN description 

The PDN consists of passive elements for the package, bonding and on-chip interconnections. 
It represents the input network of the power and signal pins of the chip. PDN is a complete 
impedance network, containing both input injection terminals (DI), terminals which may have 
an influence on the impedance of the disturbed terminals (DO) and internal terminals. The 
PDN can contain linear and non-linear components such as resistance, capacitance and ESD 
diode protection. Nevertheless, the PDN data is defined for conditions under which the non-
linear components are not activated. 

PDN characterizes the coupling path for the RF disturbances, which can undergo filtering and 
distortion. Its impedance can vary considerably with frequency. 

The PDN is defined in the frequency domain and can be characterized by different network 
parameters such as: 

a) Z(f): Impedance, which is the ratio of voltage and current at the disturbance input of the 
PDN. It represents the electrical schematic of passive input impedance, often consisting of 
parasitic elements and expressed using resistor (R), inductor (L) and capacitor (C) 
elements. 

b) Y(f): Admittance, which is the inverse of Z(f). 
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c) S(f): S-parameter, which is the ratio of the reverse and forward voltage waves at the 
disturbance input of the PDN. This parameter is typically used to measure the 
characteristics of radio frequency (RF) signal ports. 

The conversion between the three types of parameters is described in Annex C. The 
frequency validity range of the PDN is defined by the measurement conditions. 

The PDN can also be described as a circuit using a SPICE-like netlist. 

An IC can have many identically designed pins with the same (similar) characteristics. 
Therefore, to reduce the number of DI to be modelled (for simplification purposes) the pins of 
an IC can be classified into families such as: 

a) Supply pins, 
b) Digital input/output pins, 
c) Analogue input/output pins, 
d) Data/address buses, 
e) Communication buses. 

For complex ICs, it may be essential to model the PDN as different blocks for better 
representation and easy understanding. These blocks may be internally coupled within the IC. 
For example, an IC can contain a digital and an analogue block with different ground 
terminals (which may be connected internally), and other terminals that are coupled within the 
IC. Such coupling phenomena can be modelled using an Inter-Block Coupling (IBC) network. 
A detailed description of an IBC network is presented in 5.3. 

The PDN describes the linear behaviour of the device. The non-linear effects are not 
considered in the PDN of the ICIM-CI macro-model. Therefore, impedance measurements 
should be carried out in the typical operating conditions in a steady state mode. The proposed 
PDN of ICIM-CI model is limited to a level so that the protection devices are not triggered. 
The activation of internal protection devices would induce non-linearity in the model definition, 
which is not considered in the PDN. However, non-linear effects are inherently considered in 
the IB as described in 5.4. 

The PDN could act as a filter for RF disturbances. PDN resonances may appear due to 
parasitic capacitive and inductive elements. Resonances can also be created by external 
components mounted on the DI and DO pins for IC operation. These can have a significant 
effect on the immunity of the devices. The PDN can stop, pass or amplify the disturbances 
and it can influence the immunity of the device. 

The PDN is valid in the conditions in which it has been established. Such conditions include 
(but not limited to): 

a) Power supply voltage range 
b) Applicable frequency range 
c) Temperature range 
d) Applicable load conditions on DI and/or DO pins 

The PDN impedance behaviour allows to determine the power transmitted into the active part 
of the devices which is represented by the IB model. It is considered that the transmitted 
power at the pin is linked to the failure within the device. 

5.3 IBC description 

An Inter-Block Coupling (IBC) is a network of passive elements that presents a coupling effect 
between different PDN blocks. The IBC is thus a part of the PDN sub-model. The IBC is 
equipped with two or more internal terminals and can interface to internal terminals of PDN 
blocks. Such blocks can be used for modelling the coupling phenomena between different IC 
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ground terminals, substrate losses, mutual inductances at die-level, insulation between 
internal ground and power terminals, etc. An example of an IBC network is shown in Figure 3. 

 

NOTE ITVdd1, ITVss1, ITVdd2 and ITVss2 are internal nodes. 

Figure 3 – Example of an IBC network 

In this example (see Figure 3), both capacitors model the dielectric properties and the 
resistors model the resistive properties of the substrate. Other properties can be modelled 
using more complex IBC networks. 

All specifications and conditions described for PDN in 5.2 are valid for IBC. 

A block-based structure, using IBC components, is illustrated in Figure 4. The model consists 
of different PDN block components and IBC components constituting the PDN sub-model. 

 

Figure 4 – ICIM-CI model representation with different blocks 

5.4 IB description 

The IB covers both in-band and out-band IC frequency response represented by a second 
sub-model. The information output, from the IB via one or more OO, describes the response 
of the IC to a disturbing signal applied to one or more DI. The IB should include parameters 
such as frequency, transmitted power, as well as the variations on one or more OO. The 
inherent non-linearity inducing the malfunction is considered in the IB. Depending on how the 
OO is tested, IB data can be obtained using pass/fail or non pass/fail test criteria. 

As the name suggests, in pass/fail tests, the defect on the OO is directly tested against user-
specified limits. Consequently, there is a dedicated IB sub-model per susceptibility criterion. 
In non pass/fail tests, the observed defects are not quantified as pass/fail (not tested against 
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user-set limits). It represents the behavioural aspect of the OO as a function of transmitted 
power without specified limits. Consequently, the concerned IB sub-model is more generic 
and shall contain sufficient data to cover most of the practical use cases. Immunity criteria 
may be applied to the OO by the IC model user at a later stage during model simulation or 
usage. 

As stated in 5.2, the PDN and IBC influence the IB sub-model. Therefore, the IB of an ICIM-CI 
model is valid in the conditions in which it has been established. Typical conditions include 
(but not limited to): 

a) Power supply voltage range 
b) Applicable frequency range 
c) Temperature range 
d) Applicable load conditions (consequently bias conditions) on DI and/or DO pin(s) 
e) Immunity test criteria applied on the OO pin(s) 

The frequency step-size and the range defining the IB data shall be the same as stated in 
IEC 62132-1. Critical frequencies such as clock frequencies and system frequencies of RF 
devices shall be tested using finer frequency steps, as agreed by the users of this procedure. 
IB sub-model’s frequency range of validity is thus the same as that of the data (simulation or 
measurement) used for obtaining the IB. 

6 CIML format 

6.1 General 

Data of the ICIM-CI model are arranged in XML format, henceforth called Conducted Immunity 
Markup Language (CIML). The model data are separated into seven parts: 

a) Header containing general information 
b) Description of IC’s Lead definitions 
c) Description of SPICE macro-models for use within the PDN data 
d) Description of the model validity conditions 
e) Description of the PDN data 
f) Description of the IBC data 
g) Description of the IB data 

The inheritance hierarchy is depicted in Figure 5. 
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Figure 5 – CIML inheritance hierarchy 

The top level of a CIML model definition simply consists of these components: 

beginning of model definition 
model header definition 
DUT lead definitions 

SPICE macro-models 
model validity conditions 

model PDN 
model IBC 

model IB 
end of model definition 

This exchange format uses eXtensible Markup Language (XML) 1.0 (Fourth Edition) to 
structure the information [1]. XML is derived from the Standard Generalized Markup Language 
(SGML) (ISO 8879:1986). 

The XML encoding rules discussed in Annex A ensure that the XML (CIML) file can be 
correctly parsed by a Conducted Immunity Model (CIM) parser. An example of a CIML file 
conforming XML encoding format is given in Annex D. 

6.2 CIML structure 

The typical ICIM-CI model shall be represented in CIML format as shown below: 

<?xml version="1.0" encoding="UTF-8"?> 
<CImodel> 

<!-- HEADER --> 
<Header> 
... 
</Header> 

<!-- DUT LEAD DEFINITIONS--> 
<Lead_definitions> 
... 
</Lead_definitions> 
<!-- SPICE MACRO-MODEL DEFINITIONS --> 
<Macromodels> 
... 
</Macromodels> 
<!-- MODEL VALIDITY CONDITIONS --> 

<Validity> 
... 

IEC 
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</Validity> 
<!-- MODEL PDN DATA --> 
<Pdn> 

... 
</Pdn> 
<!-- MODEL IBC DATA --> 
<Ibc> 

... 
</Ibc> 
<!-- MODEL IB DATA --> 
<Ib> 

... 
</Ib> 

</CImodel> 

CIML format is based on XML representation. The basic XML encoding rules in Annex A are 
applicable for CIML structure. The CIML keywords and their usage rules are detailed in 
Annex E. 

The Header, Lead_definitions, Validity, Pdn and Ib sections are minimum and mandatory 
information of the ICIM-CI model. The Macromodel and Ibc sections are optional. 

6.3 Global keywords 

Documentation, Notes, Unit sections are global keywords and can be placed anywhere in the 
file except within an element containing a value. See E.4 for more information on their usage. 

6.4 Header section 

Readers may wonder about the motivations for an independent Header section. A simpler 
approach to creating the header information would be to place them all directly at the top level 
under <CImodel> ... </CImodel>. It is instead chosen to group them within the XML element 
<Header>, because this could help organize the components and makes visual reading of 
model definitions easier. It is thus proposed to define header information within the Header 
tag. The minimum details are the model version number, filename and the file version 
number. Other header contents are freely dimensioned, giving information such as: 

• DUT reference 

• Authors’ name 

• Date 

• Measurement method 

• Copyright 

• Disclaimer 

• Documentation 

An example Header section is shown below: 

<Header> 
<Cim_ver>1.0</Cim_ver> 
<Filename>ExampleICIMCI_file.ciml</Filename> 
<File_ver>1.0</File_ver> 
<Author_name>Valeo 1</Author_name> 
<Dut>LINTRCV</Dut> 
<Date>October 1, 2012</Date> 
<Meas_method>DPI</Meas_method> 

</Header> 
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A detailed list of valid keywords under the Header section is available in E.2. 

6.5 Lead definitions 

This section describes the various leads (or pins) of the IC under test. Each lead in the 
Lead_definitions section is made using the Lead tag, whose definition is shown in Table 1. 
Several Lead structures are listed one after another to form the Lead_definitions structure. 

Table 1 – Attributes of Lead keyword in the Lead_definitions section 

Lead 

Id: pin identity as a valid string (required) 

Name: Name of the pin as designated in the datasheet (optional). Default = "None" 

Mode: Mode in which the pin is used for ICIM-CI ("DI", "DO", "OO", " GND"). See 5.1. Default="None" 

Type: type of the lead ("internal" or "external") (optional). Default = "external" 

 

Every Lead structure in the Lead_definitions section has one required field, Id, representing 
the identity of the lead. The lead may be additionally defined with its Name, Mode and Type. If 
the Name field is undefined or absent, it defaults to "None". The Mode field is considered as 
"None" under the following conditions: 

• If Mode for a particular pin is absent 

• If explicitly set as "None" since the respective pin is not DI, DO, OO or GND. 

The Type field is optional and is always considered as "external" for DI, DO, OO and GND 
mode pins. The lead type can also be "internal" for interfacing different blocks of the ICIM-CI 
PDN (see Figure 4) and such pins shall be defined with Mode="None". These leads are 
dedicated for interfacing the inter-block coupling network (see 5.3 for more information on IBC 
description). 

If a pin is used in more than one mode, then the different modes are represented as a single 
field separated by a comma (",") character. No other characters are allowed as delimiters. An 
example is shown below: 

<Lead Id="1" Name="T1" Mode="DI,OO"/> 

The above line tells the CIM parser that lead with Id="1" with name "T1" is used as both DI 
and OO. By default, the lead is an external terminal (Type="external"). 

Table 2 lists the compatibility between the Mode and Type fields of the Lead structure for 
correct CIML annotation by the CIM parser. 

Table 2 – Compatibility between the Mode and Type fields for correct CIML annotation 

Mode 
Type 

external internal 

DI Yes No 

DO Yes No 

OO Yes No 

GND Yes No 

None Yes Yes 
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The different terminals described in 5.1 (see Figure 1) are represented in a compact format as 
shown below: 

 
<Lead_definitions> 

<Lead Id="1" Name="T1" Mode="DI"/> 
<Lead Id="2" Name="T2" Mode="DI"/> 
<Lead Id="3" Name="T3" Mode="DO"/> 
<Lead Id="4" Name="T4" Mode="DO"/> 
<Lead Id="5" Name="T5" Mode="DO"/> 
<Lead Id="6" Name="T6" Mode="DO"/> 
<Lead Id="7" Name="GND1" Mode="GND"/> 
<Lead Id="8" Name="GND3" Mode="GND"/> 
<Lead Id="9" Name="T7" Mode="OO"/> 
<Lead Id="10" Name="T8" Mode="OO"/> 
<Lead Id="11" Name="GND2" Mode="GND"/> 

</Lead_definitions> 

The above lines of code represent the ICIM-CI model structure presented in Figure 1. The 
identities of the pins ("Id") are arbitrarily chosen. Note that these pin definitions are used for 
example purposes throughout this part of IEC 62433, unless otherwise specified. 

6.6 SPICE macro-models 

This section describes the various SPICE macro-models in netlist format. These sub-circuits 
are referenced within the Pdn tag under the Netlist section as explained in 6.8.3.4 and 6.8.3.5. 
Each SPICE macro-model in the Macromodels section is defined using the Subckt tag, whose 
definition is shown in Table 3. The presence of this section in a CIML file is optional. 

Table 3 – Subckt definition 

Subckt 

Name: Name of the SPICE macro-model (required) 

Nodes: External Nodes connecting to the main circuit (required) 

Kind: SPICE netlist format (optional) default: “SPICE3” 

Data_files: SPICE macro-model defined in an external file (optional) 

 

The Subckt keyword has two required fields: Name and Nodes. The Name field consists of 
letters and numbers defined in A.2.5.4. The Nodes field defines the external nodes that 
connect outside the sub-circuit, i.e. the nodes through which the sub-circuit element connects 
to the main circuit. The different external nodes are defined in sequence separated by a 
comma (",") and these nodes are strictly local to the SPICE macro-model definition. These 
nodes can be identified with either numbers or letters. 

The optional attribute Kind tells the CIM parser that the defined sub-circuit (SPICE macro-
model) follows a specific syntax. CIML version 1 supports industry-standard SPICE like netlist 
syntaxes: 

The Kind field defaults to generic "SPICE3" if absent. An example Subckt element is shown 
below: 

<Subckt Name="PDN_pin1" Nodes="Node1,Node2,Node3" Kind="SPICE3"> 
C1 Node1 int1 20e-9 

L1 int1 int2 9e-9 
R1 int2 Node2 230e-3 
R2 Node2 Node3 100e-3 
</Subckt> 
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For compatibility reasons between several SPICE kinds, "0" is not allowed as an external 
node. The different sub-circuit elements are listed one after another to form the Macromodels 
section. The following example illustrates the typical representation of the Macromodels 
section: 

<Macromodels> 
<Subckt Name="PDN_pin1" Nodes="Node1,Node2,Node3"> 
... 
</Subckt> 
<Subckt Name="PDN_pin2" Nodes="Node1,Node2,Node3"> 
... 
</Subckt> 

... 
</Macromodels> 

Once defined, the various sub-circuits are usable anywhere within the Pdn and Ibc tags using 
an identifier starting with the character "X". The call shall be made under the Netlist section 
and is referenced using the Name field (see 6.8.3.4 and 6.8.3.5). The number of nodes on the 
call line shall match the number listed in the Nodes attribute line of the specific sub-circuit. 
For example, the above defined "PDN_pin1" can be called: 

<Pdn> 
... 

<Lead Id="1 2 7" Type="Ckt"> 
... 

<Netlist> 
Xpin1 1 2 7 PDN_pin1 

</Netlist> 
</Lead> 

... 
</Pdn> 

If one or more sub-circuit models is defined in an external library file, then the file(s) is (are) 
referenced using the Data_files tag. For example: 

<Macromodels> 
<Subckt Kind="SPICE3"> 
<Data_files> 
subckt_pin1.lib 
subckt_pin2.lib 
... 
</Data_files> 
</Subckt> 
</Macromodels> 

A typical sub-circuit definition is shown in Figure 6. 

 

Figure 6 – Example of a netlist file defining a sub-circuit 

IEC 
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To avoid ambiguity, the CIM parses only the data statements defined within the SPICE 
keywords: ".SUBCKT" and ".ENDS". These keywords are not case sensitive. If multiple 
".SUBCKT" sections are found, then they are parsed as independent sub-circuit elements. 

Since these definitions share the same namespace within the CIML format, every sub-circuit 
shall carry a unique name and shall conform to XML rules discussed in A.2.5.4. 

6.7 Validity section 

6.7.1 General 

The Validity section is used to represent the conditions in which the ICIM-CI model is defined. 
This section is strictly informative to the user and independent of all other sections in the 
CIML file. 

Table 4 lists the various recognized keywords in the Validity section. 

Table 4 – Definition of the Validity section 

Validity 

Power_supply: Power supply range as a string (required) 

Frequency_range: Frequency range as a string with units (required) 

Temperature_range: Temperature range in which the model is extracted (required). To be specified with units. 

 

This definition is not exhaustive and is open for progress and improvement. 

Documentation pertaining to the IC such as datasheets, test reports, and ICIM-CI extraction 
report shall be specified with the global keyword Documentation in the form of a valid string 
that specifies the path to the corresponding documentation. Many file paths can be listed one 
below another. It defaults to "None" when absent. See E.4 for more information on the usage 
of the Documentation keyword. 

Any other specific details pertaining to the complete ICIM-CI model definition shall be defined 
with the Notes section in the form of a valid string. It defaults to "None" when absent. See E.4 
for more information on the usage of the Notes keyword. 

This section is mandatory and is defined directly under the CImodel root element. For 
example: 

<CImodel> 
... 
<Validity> 

<Power_supply>12V</Power_supply> 
<Frequency_range>[1MHz – 1GHz]</Frequency_range> 
<Temperature_range>25Celsius</Temperature_range> 
<Notes>Only LIN network activated</Notes> 

</Validity> 
... 

</CImodel> 

6.7.2 Attribute definitions 

6.7.2.1 Power_supply 

The Power_supply attribute is used define the supply conditions for which ICIM-CI is valid. 
This attribute informs the user that the ICIM-CI model is extracted in the specified supply 
range. 
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There is no particular format for defining the value for this attribute; it shall be easily 
comprehensible for proper model usage. The value of this attribute is a data string containing 
valid text string and/or numerical values with units. See A.2.5.5 for valid units. 

This is a required field. 

A few examples of the Power_supply field are shown in Examples 1 to 3. 

EXAMPLE 1 The following syntax specifies that the model is defined for a supply voltage of 5 V. 

<Power_supply>5V</Power_supply> 

EXAMPLE 2 The following syntax specifies that the digital blocks of the model data are defined with a supply 
voltage of 5 V and the analogue blocks are defined for a supply voltage of 12 V. 

<Power_supply>5V for digital blocks, 12V for analogue blocks</Power_supply> 

EXAMPLE 3 The following syntaxes specify that the model is defined for supply voltages between 2,5 V and 18 V. 

<Power_supply>[2.5V-18V]</Power_supply> 

or 

<Power_supply>between 2.5V and 18V</Power_supply> 

6.7.2.2 Frequency_range 

The Frequency_range attribute is used define the frequency range in which ICIM-CI is valid. 
This attribute informs the user that the ICIM-CI model is extracted in the specified frequency 
range and is usable in the same range. The frequency range of validity of the ICIM-CI model 
shall be the common frequency range of the PDN and IB. 

There is no particular format for defining the value for this attribute; it shall be easily 
comprehensible for proper model usage. The value of this attribute is a data string containing 
valid text string and/or numerical values with units (see Example 1). See A.2.5.5 for valid 
units. 

This is a required field. 

EXAMPLE 1 The following syntaxes specify that the model is valid in the frequency range from 1 MHz to 1 GHz. 

<Frequency_range>[1MHz-1GHz]</Frequency_range> 

or 

<Frequency_range>from 1MHz to 1GHz</Frequency_range> 

6.7.2.3 Temperature_range 

The Temperature_range attribute is used define the temperature range in which ICIM-CI is 
extracted. The temperature range of validity of the ICIM-CI model shall be the common 
temperature range of the PDN and IB. 

There is no particular format for defining the value for this attribute; it shall be easily 
comprehensible for proper model usage. The value of this attribute is a data string containing 
valid text string and/or numerical values with units. See A.2.5.5 for valid units. 

This is a required field. 

Two examples are shown in Example 1 and Example 2. 
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EXAMPLE 1 The following syntaxes specify that the model is valid in the temperature range between 20 °C and 
40 °C. 

<Temperature_range>[20Celsius-40Celsius]</Temperature_range> 

or 

<Temperature_range>from 20Celsius to 40Celsius</Temperature_range> 

EXAMPLE 2 The following syntax specifies that model is defined only at 298,15 K. 

<Temperature_range>298.15K</Temperature_range> 

6.8 PDN 

6.8.1 General 

The Pdn section of the ICIM-CI model contains the PDN data that describes the model. The 
data shall be defined within the Pdn keyword as follows: 

<Pdn> 
PDN data 

</Pdn> 

Different PDN complexity levels can be considered. The simplest configuration level is the 
single-ended disturbance input. The differential disturbance input may also be envisaged. 

The most complex is the multi-port configuration. 

A PDN data is defined for a particular IC pin and thus the definition shall be done within a 
Lead tag. See Figure 5 for the structural hierarchy. Many Lead elements can be listed one 
below another within the Pdn section. Table 5 lists the various recognized fields of the Lead 
keyword: 

Table 5 – Definition of the Lead keyword for Pdn section 

Lead 

Id: pin identity as a valid string (required) 

Ground_id: return pin identity as a valid string (required if Type=("S", "Z", "Y", else optional) 

Blockname: PDN block name as a valid string 

Type: PDN source parameter ("S", "Z", "Y", "Ckt") 

Param_order: Order in which PDN parameters are defined 

Format: Data format ("RI", "MA", "DB") 

Meas_type: Method implemented for performing PDN measurements 

Reference_impedance: Reference impedance used in performing PDN measurements 

Use: Parameter that is to be specifically used 

Netlist: PDN definition using standard netlist format 

Unit_freq: Unit definition of the frequency terms 

Unit_param: Unit of the PDN parameters 

Power_level: Measurement power level during PDN extraction 

Data_files: PDN source parameter defined in an external file (required if not List) 

List: PDN parameter list (required if not Data_files) 

 

The frequency range of the PDN information shall be specified in the Validity section under 
the Frequency_range tag. 
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NOTE The frequency range of validity of the ICIM-CI model is the common frequency range of the PDN and IB. 

Any other relevant information required for correct understanding (and usage) of the PDN 
shall be optionally defined within the Notes and Documentation tags. Details such as IC 
operating mode, decoupling capacitors on supply lines, activated functions, grounding details, 
datasheets and test reports can be defined. 

6.8.2 Attribute definitions 

6.8.2.1 Id 

The Lead Ids used in the PDN definition should have been previously defined in the 
Lead_definitions tag as described in 6.5. Depending on the type of the PDN (single-ended, 
differential or multi-ended), one or more Ids can be defined together. Both external and 
internal terminals can be specified. See 6.8.4 and 6.8.5 for more information. 

This is a required field. 

6.8.2.2 Ground_id 

The Lead Ground_ids used in the PDN definition should have been previously defined in the 
Lead_definitions tag in GND mode (see 6.5). This lead represents the return signal path for 
defining the PDN. 

This attribute is defined only if network parameters are used for defining the PDN (Type="S" 
or "Z" or "Y"). Ground_id attribute is ignored by the CIM parser if Type="Ckt", that is, if a 
netlist is used for representing the PDN. See 6.8.2.4 for more information on the Type 
attribute. 

When used, only one unique Ground_id is permitted per Lead definition. This is an optional 
field and is required if PDN is represented using network parameters. 

6.8.2.3 Blockname 

The Blockname field is used to define the name of the PDN block. This field is optional and is 
used for representing the PDN as a sub-block. A block-based ICIM-CI macro-model is shown 
in Figure 4. This field is intended for informational purposes only. The CIM parser does not 
interpret this field. 

6.8.2.4 Type 

The Type attribute is used to represent the type of the PDN data. Valid types are: 

• "S": S-parameter data. 

• "Z": Z-parameter data. These parameters are not normalized to the reference impedance. 

• "Y": Y-parameter data. These parameters are not normalized to the reference impedance. 

• "Ckt": Circuit description using netlists. 

This field is optional. When absent, the default value is "S". 

6.8.2.5 Param_order 

The Param_order attribute tells the CIM parser how the data is represented. It is not defined if 
the PDN is represented as a circuit model as discussed in 6.8.3.4 and 6.8.3.5. The following 
strings are dedicated for specifying the parameter order: 

• "Freq" and "Frequency": Frequency used for parameters’ definition 

• "Sij": S-parameters, i and j are integers representing measurement ports/pins (example: 
"S11", "S21", "S31", etc…) 

BS EN 62433-4:2016



IEC 62433-4:2016 © IEC 2016 – 27 –  

• "Zij": Z-parameters, i and j are integers representing measurement ports/pins (example: 
"Z11", "Z21", "Z31", etc…) 

• "Yij": Y-parameters, i and j are integers representing measurement ports/pins (example: 
"Y11", "Y21", "Y31", etc…) 

The different terms of Param_order shall be separated by a comma character (","). 

This field is optional. If absent, the default value is "Freq,S11". 

6.8.2.6 Format 

The Format attribute decides the data format. It is not defined if the PDN is represented as a 
circuit model as discussed in 6.8.3.4 and 6.8.3.5. Valid data formats are: 

• "RI": real/imaginary format 

• "DB": Magnitude in decibel scale with phase angle in degrees 

• "MA": Magnitude in linear scale with phase angle in degrees 

This field is optional. If absent, the default value is "RI". 

6.8.2.7 Meas_type 

The Meas_type attribute is used by the CIM parser in order to compute the impedance of the 
specific lead ("Id") when S-parameters are used. Depending on the type of the PDN (single-
ended, differential or multi-ended), the Meas_type attribute takes multiple definitions. See 
6.8.4 and 6.8.5. 

This field is defined only when Type="S" and is optional. When absent, it defaults to "0". 

6.8.2.8 Reference_impedance 

The Reference_impedance attribute is used by the CIM parser in order to compute the 
impedance of the specific lead ("Id") when network parameters are used for PDN definition. 

This field is defined only when Type="S" and is optional. When defined, it shall always be 
specified with a numerical value along with units as described in A.2.5.3 (example: "50ohm"). 
When absent, it defaults to "50ohm". 

6.8.2.9 Use 

The Use attribute tells the CIM parser to use one of the values in the Param_order attribute. 
When explicitly defined, the corresponding parameter is used as PDN. If undefined, the first 
Sij or Zij or Yij term is used by default. 

6.8.2.10 Netlist 

The Netlist keyword is used to define the PDN as a SPICE netlist that represents the 
electrical connectivity of the PDN elements. The electrical connectivity flow shall be as per 
SPICE specification [2]. A detailed description of the circuit model is presented in 6.8.3.4 and 
6.8.3.5. 

This field is required if Type="Ckt". 

6.8.2.11 Unit_freq and Unit_param 

The parameter units are defined under the Unit_freq and Unit_param tags for frequency and 
data, respectively. If absent, Unit_freq defaults to basic units, "Hz". Table 6 shows the default 
value of the Unit_param attribute as a function of data type and format when undefined. 
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Table 6 – Valid data formats and their default units in the Pdn section 

Data type Data format Default Unit_param values 

S 

RI 1 

MA 1 

DB dB 

Z 

RI ohm 

MA ohm 

DB dBohm 

Y 

RI S 

MA S 

DB dBS 

 

See A.2.5.5 for valid units. 

These fields are optional. 

6.8.2.12 Power_level 

The measurement power level used for PDN extraction (see 7.3.2) is specified in the 
Power_level field. For simplicity reasons, the power level along with units should be defined 
together as discussed in A.2.5.3. 

This is an optional field. If absent, it defaults to "0dBm". 

6.8.2.13 Data_files and List 

The Data_files tag is used to differentiate between inline and external data. If the PDN data is 
defined in an external file, the link to the file shall be specified within the Data_files tag. Inline 
data is directly defined under the top level Lead tag within a List tag if needed. Files with the 
extensions given in Table 7 are allowed. 

Table 7 – Valid file extensions in the Pdn section 

File extension Common name 

dat or DAT Data file 

csv or CSV Comma separated values 

txt or TXT Text file 

snp or SnP Touchstone, n is an integer (1, 2, …) 

cir or CIR Circuit file (Netlist) 

lib or LIB Library file (Netlist) 

net or NET Netlist file 

 

The List tag is not defined if circuit model is used to describe the PDN. Data_files tag is 
defined for network parameters (S or Z or Y) and netlist description. 

This is a required field; a unique List or Data_files element shall be used to define the PDN 
data of the specific lead. 
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6.8.3 PDN for a single-ended input or output 

6.8.3.1 General 

A single-ended input or output corresponds to a single pin on the IC. In that case, the signal is 
carried by one PCB track. The return signal track is the electrical ground of the IC. It is 
possible that various parts of the PDN have different grounds. These grounds will be 
connected together either inside the device or by external connections, which will not 
necessarily be perfect. Care should be taken when extracting the PDN to take into account 
these connections. 

Figure 7 gives typical electrical schematics of single-ended input/output pins. 

  

a) Input PDN electrical schematic b) Output PDN electrical schematic 

Key 

Rpkg Parasitic resistance of package 

Lpkg Parasitic inductance of package 

Cpkg Parasitic capacitance of package 

Cdie Parasitic capacitance of die 

Pin IC pin interface at the package level 

Pad IC pin interface at the die level 

VDD IC supply voltage 

Figure 7 – PDN electrical schematics 

Depending on the simulation tool used, the PDN could be represented with different network 
parameters such as S-, Z-, Y-parameters, or as a circuit/netlist using physical R, L and C 
elements. 

Figure 8 shows the impedance of the PDN represented by a one-port black-box. 

 

Figure 8 – PDN represented as a one-port black-box 

Table 8 lists the valid fields of a Lead structure for a single-ended PDN definition and their 
usage. 

DI 

Z 
GND 

IEC 

IEC IEC 
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Table 8 – Valid fields of the Lead keyword for single-ended PDN 

Field Description Usage Rules 

Id Identifier or pin number Required One unique Id previously 
defined in the Lead-
definitions section 

Ground_id Identifier or pin number of 
the return signal pin 

Required for Type="S" or 
"Z" or "Y" 

One unique Id previously 
defined as GND in the 
Lead-definitions section 

Blockname Name of the PDN block 
component 

Optional Valid string (see 6.8.1) 

Type PDN source parameter 
(S/Z/Y/Circuit) 

Optional Valid String: "S" (default) 
or "Z" or "Y" or "Ckt" 

Param_order Order in which parameters 
are defined 

Optional Valid string (see 6.8.1) 

Format Data format Optional "RI" (default) or "DB" or 
"MA" 

Meas_type Method implemented for 
performing PDN 
measurements 

Optional "0" (default) or "1" or "2" 

Reference_impedance Reference impedance used 
in PDN measurements 

Optional Valid numerical value with 
units. 

Default="50ohm" 

Use Parameter that is to be 
specifically used 

Optional One of the values in 
Param_order other than 
the Frequency term. 

Default: First S or Z or Y 
term 

Netlist SPICE type netlist Required if Type="Ckt" Valid SPICE like data 
statements. See 6.8.3.4 
and 6.8.3.5 

Unit_freq Frequency units Optional Valid units (see A.2.5.5). 

Default="Hz" 

Unit_param Parameter units Optional Valid units (see A.2.5.5). 

See 6.8.2.11 for default 
values 

Power_level Measurement power level Optional Valid numerical value with 
units (See A.2.5.5). 

Default="0dBm" 

Data_files PDN source parameter 
defined in an external file 

Required if not List Valid for external netlist 
file or external network 
parameter file. 

List PDN data entries in the 
form of a list defined inline 

Required if not Data_files Valid numerical values with 
or without units in the 
specified order 

 

The compositions of Id, Ground_id, Type, Param_order and Format fields have been 
previously discussed in 6.8.2. The CIM parser understands that the PDN definition for a 
particular pin is single-ended when the Id attribute contains a unique value (example Id="1"). 

Meas_Type field is recognized only when the PDN is defined using S-parameters (Type= "S"). 
For all other types, this field is ignored. CIML version 1 supports the following Meas_type 
values for single-ended PDN with S-parameters: 

• "0" for standard or conventional measurement configuration (default) 

• "1" when the DUT is in parallel to the measurement ports (shunt connection) 
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• "2" when the DUT is in series to the measurement ports (series connection) 

The reference impedance used in PDN measurements is defined using the 
Reference_impedance tag. This field is recognized only when the PDN is defined using S-
parameters (Type= "S"). 

The different measurement configurations and set-up for single-ended PDN extraction as 
defined in CISPR 17 are presented in 7.3. When absent, Meas_type defaults to "0" 
(conventional method). 

Data can either be defined inline within the CIML file or can be defined using external data 
files for both network parameter and circuit (netlist) definition. 

6.8.3.2 Inline data – network parameter 

If the network parameters (S, Z or Y) are defined for a single frequency, then they can be 
defined within the Lead keyword directly. If the PDN is defined for multiple frequencies (more 
than one frequency), data shall be written within the List keyword. The different DI or DO 
leads, whose PDN is to be defined, shall be defined using the Id attribute and the ground lead 
(lead with Mode="GND" in Lead_definitions section) used as return signal path shall be 
specified using the Ground_id attribute. 

The frequency units shall be defined within the Unit_freq keyword and data units shall be 
specified using Unit_param keyword. The power level used for measurement shall be defined 
using Power_level tag and the reference impedance using the Reference_impedance tag. See 
6.8.2 for more information on these attributes and their default values. 

The following example illustrates the single-ended PDN of lead "1" defined by S-parameters 
measured using conventional VNA one-Port method with lead "7" used as ground (return 
signal pin). By default Use="S11". The PDN is modelled as a block with the Blockname field 
defined as "Block_Pdn1". 

<Pdn> 
<!-- S Parameters inline data, multi-frequencies --> 

<Validity>9kHz-3GHz</Validity> 

<Lead Id="1";Ground_id="7";Type="S"; Param_order="Freq,S11"; 
Format="RI";Meas_type= "0"> 

<Blockname>Block_Pdn1</Blockname> 
<Unit_freq>Hz</Unit_freq> 
<Power_level>0dBm</Power_level> 

<Reference_impedance>50ohm</Reference_impedance> 

<List> 
9.000000e+003 9.417885e-001 -3.504903e-001 
9.123751e+003 9.379390e-001 -3.540765e-001 
9.249203e+003 9.370850e-001 -3.587080e-001 
9.376381e+003 9.358488e-001 -3.618073e-001 
9.505307e+003 9.335523e-001 -3.676978e-001 
9.636006e+003 9.318579e-001 -3.723437e-001 
9.768502e+003 9.309074e-001 -3.770503e-001 
9.902820e+003 9.291059e-001 -3.815358e-001 
1.003898e+004 9.248903e-001 -3.872907e-001 
.... 

</List> 
</Lead> 

</Pdn> 
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6.8.3.3 External file data – network parameter 

For directing the CIM parser to use the necessary external data file in ASCII format, definition 
shall be made using Data_files keyword. If the external file has a touchstone extension (*.snp 
or *.SnP where n is an integer 1, 2, …), Unit_param, Unit_freq, Param_order, 
Reference_impedance and Type definitions are not required (ignored by the CIM parser if 
explicitly defined). For all other file extensions (*.dat, *.csv, *.txt) the defined values are used. 
If absent, default values are automatically considered. See Table 8 for default properties. 
Similar to inline definition seen in 6.8.3.2, the Ground_id field is required and the Meas_type 
field is optional. 

Measurement power level shall be a part of the external file as a comment or shall be defined 
using the Power_level tag. Comment lines in the PDN file shall start with an exclamation 
symbol ("!") as shown below: 

!This is a comment line 

Figure 9 shows an example of the file in Touchstone format with S11 parameters in dB format 
for a single-ended input versus frequency. Note that the measurement power level is included 
as a comment in the PDN file. 

 

Figure 9 – PDN represented as S-parameters in Touchstone format 

These data can be obtained by a one-port vector network analyzer as explained in 7.3.2. 
Details are provided in Annex F. 

The following is an example to use this file for defining the PDN of lead "1" with respect to 
lead "7" (used as return signal pin). By default Use="S11" even if unspecified. 

<Pdn> 
<Lead Id="1" Ground_id="7" Meas_type="0"> 

<Data_files> 
Pin1_PDN_S11.s1p 

</Data_files> 
</Lead> 

</Pdn> 

Figure 10 shows an example of the file in Touchstone format with two-port S-parameters in 
real/imaginary format for a single-ended input versus frequency measured using two-port 
parallel method. 

IEC 
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Figure 10 – PDN represented as two-port S-parameters in Touchstone format 

This data can be obtained by a two-port vector network analyzer as explained in Annex F. 

The following is an example to use S21 parameter from this file for defining the single-ended 
PDN of lead "2" with lead "8" used as return signal pin. 

<Pdn> 
<Lead Id="2" Ground_id="8" Meas_type="1" Use="S21"> 

<Data_files> 
Pin2_Parallel_PDN.s2p 

</Data_files> 
</Lead> 

</Pdn> 

6.8.3.4 Inline circuit definition 

Another way to define the PDN is in the form of a SPICE like netlist [2]. CIM parser 
understands that the PDN has a circuit definition when the Type attribute of a particular lead 
is set to "Ckt". The circuit definition shall be directly declared within the Netlist tag under the 
Lead section. The Netlist section shall contain the following definitions: 

• Power_level definition 

• Data statements defining the electrical connectivity of components 

All SPICE recognized elements can be defined in this section and the representation shall 
follow SPICE syntax. The data statements have a free format and consist of fields separated 
by a blank. If one wants to continue a statement to the next line, one uses a "+" sign 
(continuation sign) at the beginning of the next line. Numbers can be integers, or floating 
points. For example, a resistor "R1" with a value of 1 kΩ connecting nodes "In" and "Out" can 
be represented as: 

R1 In Out 1e3 

All nodes used in the data statements share the same namespace with the lead Ids defined in 
the Lead_definitions section. The Ground_id field is ignored by the CIM parser when defining 
the PDN using a netlist. The Id attribute of the Lead keyword shall carry the Id information of 
the DI, DO and GND (ground) pins (as defined in the Lead_definitions section). 

Within the several data statements used to define the netlist, at least one node shall 
correspond to the lead defined as DI or DO and at least one node shall be GND in the 
Lead_definitions section. All other nodes used for circuit definition shall not carry the lead Ids 
defined in the Lead_definitions section. For compatibility reasons between several SPICE 
kinds, "0" is not allowed as node number. 

The Netlist keyword definition is shown in Table 9. 

IEC 
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Table 9 – Netlist definition 

Netlist 

Kind: SPICE netlist format (optional) default: "SPICE3" 

Data_files: SPICE netlist in external file (optional) 

 

The Kind field tells the CIM parser that the defined netlist follows a specific syntax. CIML 
version 1 supports the industry-standard SPICE like netlist syntaxes [2]. 

The Kind field defaults to generic "SPICE3" if absent. 

 

Figure 11 – Example structure for defining the PDN using circuit elements 

The following example illustrates the PDN of the structure shown in Figure 11. The different 
circuit elements of lead "1" with respect to GND1 (lead "7") are represented using Netlist 
definition. The PDN is defined from measurements made with a power level of 10 dBm. 

<Pdn> 
<!-- General circuit model --> 
<Lead Id="1 7" Type="Ckt"> 

<Power_level>10dBm</Power_level> 
<Netlist Kind="SPICE3"> 

C1 1 int1 20e-9 
L1 int1 int2 9e-9 
R1 int2 7 230e-3 

</Netlist> 
</Lead> 

</Pdn> 

The above example can also be expressed using a SPICE macro-model as illustrated below. 
It is assumed that "PDN_pin1" is defined in the Macromodels section (see 6.6). 

<Pdn> 
<!-- General circuit model --> 
<Lead Id="1 7" Type="Ckt"> 

<Power_level>10dBm</Power_level> 
<Netlist> 

Xpin1 1 7 PDN_pin1 
</Netlist> 

</Lead> 
</Pdn> 

In the above example, Xpin1 is the identifier of the sub-circuit "PDN_pin" in the main circuit. 

6.8.3.5 External file containing the netlist 

Instead of the inline netlist definition (see 6.8.3.4), it is possible to define the PDN in an 
external netlist file. The definition is done with the Data_files tag under the Netlist section. All 
rules with respect to the node numbers used in the netlist definition are the same as defined 
in 6.8.3.4. An example netlist file with circuit definition is shown in Figure 12. 
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Figure 12 – Example of a single-ended PDN Netlist main circuit definition 

In some cases, a netlist file could contain the main circuit definition and sub-circuit definitions 
together. To avoid ambiguity, the CIM parses only the data statements defined outside the 
SPICE keywords: ".SUBCKT" and ".ENDS". These keywords are not case sensitive. 

An example netlist file containing both sub-circuit and min circuit data is shown in Figure 13. 
In the Netlist section, only the main circuit elements are parsed. For parsing the sub-circuit 
element, it is mandatory to define the same file within the Macromodels section (see 6.6). 

 

Figure 13 – Example of a single-ended PDN Netlist  
with both sub-circuit  and main circuit definitions 

The following example illustrates the PDN of lead "1" with respect to GND1 (lead with Id="7") 
using Netlist definition in an external file ("Pin1_PDN_Ckt.lib") containing both sub-circuit and 
main circuit definitions (Figure 13). The measurement power level is –10 dBm. 

<Macromodels> 
 <Data_files> 
  Pin1_PDN_Ckt.lib 
 </Data_files> 
</Macromodels> 
<Pdn> 

<!-- General circuit model --> 
<Lead Id="1 7" Type="Ckt"> 

<Blockname>Block1</Blockname> 
  <Power_level>-10dBm</Power_level> 

<Netlist> 
<Data_files>Pin1_PDN_Ckt.lib</Data_files> 

</Netlist> 
</Lead> 

</Pdn> 

In the above example, the sub-circuit definition is parsed within the Macromodels section and 
the main circuit in the Netlist section. 

It is nevertheless recommended (which is also true in many cases) that a SPICE macro-model 
of a circuit element exists in a separate library or netlist file and the main circuit defined in 

Sub-circuit part 

Main circuit part IEC 

IEC 
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another. The corresponding files are defined under the Macromodels section and the Netlist 
section as shown below: 

<Macromodels> 
 <!-- Subcircuit model --> 
 <Data_files> 
  Pin1_PDN_SubCkt.lib 
 </Data_files> 
</Macromodels> 
 
<Pdn> 

<Lead Id="1 7" Type="Ckt"> 
  <Power_level>-10dBm</Power_level> 

<Netlist> 
  <!-- Main circuit definition --> 

<Data_files> 
Pin1_PDN_MainCkt.lib 

</Data_files> 
</Netlist> 

</Lead> 
</Pdn> 
 

6.8.4 PDN for a differential input 

A differential input or output corresponds to a pair of pins on the IC. In that case, signal is 
carried by two PCB tracks. The electrical ground of the IC can be considered as a shielded 
track or ground plane. 

It is possible that various parts of the PDN have different grounds. These grounds will be 
connected together either inside the device or by external connections, which will not 
necessarily be perfect. Care should be taken when extracting the PDN to take into account 
these connections. 

Figure 14 gives a typical electrical schematic of a differential input. 

BS EN 62433-4:2016



IEC 62433-4:2016 © IEC 2016 – 37 –  

 

Key 

Pin1, Pin2 IC pin interface at the package level 

Rpkg1, Rpkg2 Parasitic resistance of package corresponding to pin1 and pin2 

Lpkg1, Lpkg2 Parasitic inductance of package corresponding to pin1 and pin2 

Cpkg1, Cpkg2 Parasitic capacitance of package corresponding to pin1 and pin2 

Cdie1, Cdie2 Parasitic capacitance of die corresponding to pin1 and pin2 

Pad1, Pad2 IC pin interface at the die level corresponding to pin1 and pin2 

VDD IC supply voltage 

Figure 14 – Differential input schematic 

Figure 15 shows the impedance of the PDN represented by a two-port black-box. 

 

Figure 15 – PDN represented as a two-port black-box 

Figure 16 shows an example of a file in Touchstone format with S-parameters for a differential 
input versus frequency. The measurement power level is included as a comment in the PDN 
file. 

 

Figure 16 – PDN data format for differential input or output 

IEC 

 
DI1 

Z 

DI2 

GND 

IEC 

IEC 

BS EN 62433-4:2016



 – 38 – IEC 62433-4:2016 © IEC 2016 

This data can be obtained by a two-port vector network analyzer as explained in 7.3.2. For 
differential inputs, CIML version 1 supports only conventional measurement method. Annex C 
gives more details on the conversion between S-, Z- and Y-parameters. 

The PDN data of differential pins can also be represented using a SPICE-like netlist that 
describes the interaction between the two differential input pins [2]. 

Table 10 lists the valid fields of a Lead structure for a differential PDN definition and their 
usage. 

Table 10 – Valid fields of the Lead keyword for differential PDN 

Field Description Usage Rules 

Id Identifier or pin 
number 

Required Two Ids previously defined in the 
Lead-definitions section (DI’s,DO’s 
and internal terminals) 

Ground_id Identifier or pin 
number of the return 
signal pin 

Required for Type="S" 
or "Z" or "Y" 

One unique Id previously defined 
as GND in the Lead-definitions 
section 

Blockname Name of the PDN 
block component 

Optional Valid string (see 6.8.1) 

Type PDN source parameter 
(S/Z/Y/Circuit) 

Optional Valid String: "S" (default) or "Z" or 
"Y" or "Ckt" 

Param_order Order in which 
parameters are 
defined 

Optional Valid string (see 6.8.1) 

Format Data format Optional "RI" (default) or "DB" or "MA" 

Meas_type Method implemented 
for performing PDN 
measurements 

Optional "0" (default) 

Reference_impedance Reference impedance 
used in PDN 
measurements 

Optional Valid numerical value with units. 

Default="50ohm" 

Use Parameter that is to be 
specifically used 

Optional One of the values in Param_order 
other than the Frequency term. 

Default: First S or Z or Y term 

Netlist SPICE type netlist Optional Valid SPICE like data statements. 
See 6.8.3.4 and 6.8.3.5 

Unit_freq Frequency units Optional Valid units (see A.2.5.5). 

Default="Hz" 

Unit_param Parameter units Optional Valid units (see A.2.5.5). 

See 6.8.2.11 for default values 

Power_level Measurement power 
level 

Optional Valid numerical value with units 
(See A.2.5.5). 

Default="0dBm" 

Data_files PDN source parameter 
defined in an external 
file 

Required if not List Valid for external netlist file or 
external network parameter file. 

List PDN data entries in 
the form of a list 
defined inline 

Required if not 
Data_files 

Valid numerical values with or 
without units in the specified order 

 

CIM parser detects that the PDN definition is for differential input or output when at least two 
DIs or DOs are specified in the "Id" attribute as shown: 

<Lead Id="1,2"/> 

BS EN 62433-4:2016



IEC 62433-4:2016 © IEC 2016 – 39 –  

A maximum of two DI (or DO or internal) terminals, previously defined in the Lead_definitions 
section, shall be referenced together separated by a comma (",") character. 

NOTE When using network parameters for PDN description, the lead Ids’ value need not be coherent with the 
measurement port numbers. The values are matched with the port numbers in sequence, from left to right. 

An example of the differential inputs of an operational amplifier is shown in Figure 17. 

 

Figure 17 – Differential inputs of an operational amplifier example 

The Lead_definitions section, showing only the pins of interest, is shown below: 

<Lead_definitions> 
 <Lead Id="5" Name="IN2+" Mode="DI"/> 
 <Lead Id="6" Name="IN2-" Mode="DI"/> 

<Lead Id="4" Name="Vcc" Mode="None"/> 
 <Lead Id="11" Name="Gnd" Mode="GND"/> 
 <Lead Id="7" Name="Out" Mode="OO"/> 
</Lead_definitions> 

The PDN description, corresponding to the differential input pins, is: 

<Pdn> 
<Lead Id="5,6" Ground_id="11" Type="S"> 

  <Data_files>Pins5_6.s2p</Data_files> 
 </Lead> 
</Pdn> 

Correlating the touchstone file "Pins5_6.s2p" (shown in Figure 16) to the PDN description, 
lead Id="5" corresponds to Port 1 and lead Id="6" corresponds to Port 2 when using a two-
port VNA. The details of measuring S-parameters using a VNA are provided in Annex F. 

6.8.5 PDN multi-port description 

The multi-port PDN concerns any kind of IC having several pins that need to be considered 
for the model. These pins can be DI, DO or internal terminals. 

The PDN is then based on a full S- or Z- or Y-parameter matrix or an electrical netlist, 
describing the interactions between the different pins considered in the model. The file 
structure is the same as on Figure 16 but includes more ports. 

NOTE When using network parameters for PDN description, the lead Ids’ value need not be coherent with the 
measurement port numbers. The values are matched with the port numbers in sequence, from left to right. 
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Figure 18 shows an example of an ICIM-CI black box model for a 74HC08 circuit. Several pins 
are considered: 

• "1A", "1Y" and "VCC" pins are assumed to be DI terminals in a given application, 

• "1Y" is also an OO terminal that is monitored, 

• "1B" is considered as a DO terminal. 

 

Figure 18 – ICIM-CI Model for a 74HC08 component 

The CIML attributes that were defined in Table 10 for differential pins are also valid for multi-
port definition except that the Id attribute can take more than two identities as its value. A 
three-port S-parameter matrix is used to describe the PDN corresponding to the three DI 
terminals. 

The Lead_definitions and Pdn section, corresponding to the ICIM-CI macro-model, of the 
structure described in Figure 18 can be represented as: 

<!--Lead_definitions section --> 
<Lead_definitions> 
 <Lead Id="1" Name="1A" Mode="DI"/> 
 <Lead Id="2" Name="1B" Mode="DO"/> 
 <Lead Id="3" Name="1Y" Mode="DI,OO"/> 

<Lead Id="14" Name="VCC" Mode="DI"/> 
 <Lead Id="7" Name="GND" Mode="GND"/> 
</Lead_definitions> 
 
<!--Pdn section --> 
<Pdn> 

<Lead Id="1,14,3" Ground_id="7" Type="S"> 
  <Data_files>Pins1_14_3.s3p</Data_files> 
 </Lead> 
</Pdn> 

In the above example, if a three-port S-parameter measurement is made using the VNA Ports 
1, 2 and 3, then "S11" corresponds to the reflection coefficient of pin with Id="1", "S22" to that 
of pin with Id="14", "S33" to that of pin with Id="3", "S21" is the transmission coefficient 
between pins "14" and "1"and so on. 

6.9 IBC 

6.9.1 General 

Similar to the PDN, different IBC complexity levels can be considered. The simplest 
configuration level is modelling the IBC with two internal terminals linking two internal 
terminals of different PDN blocks. IBC networks that interface many PDN blocks with many 
internal terminals can become very complex. 

1Y 
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1B 
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The Ibc section of the ICIM-CI macro-model contains the IBC data that describes the ICIM-CI 
PDN. The data shall be defined within the Ibc keyword as follows: 

<Ibc> 
IBC data 

</Ibc> 

An IBC data is defined for interfacing different PDN blocks and thus the definition shall be 
done within a Lead tag (similar to the PDN). See Figure 5 for the structural hierarchy. Many 
Lead elements can be listed one below another within the Ibc section. 

6.9.2 Attribute definitions 

The general structure of the Lead keyword is coherent with that listed in Table 5. However, 
some attribute specifications are different for the IBC network. These differences are 
tabulated in Table 11. All other fields in Table 5 remain unchanged. 

Table 11 – Differences between the Pdn and Ibc section fields 

Field Description Usage Rules 

  Pdn Ibc Pdn Ibc 

Id Identifier or pin 
number 

Required Required One or more Ids 
previously defined in 
the Lead-definitions 
section as external or 
internal terminals 

Two or more Ids 
previously defined in 
the Lead-definitions 
section as internal 
terminals 

Ground_id Identifier or pin 
number of the return 
signal pin 

Required 
for 
Type="S" 
or "Z" or 
"Y" 

Not 
applicable 

One unique Id 
previously defined as 
GND in the Lead-
definitions section 

Not applicable 

 

Table 12 lists the valid fields of a Lead structure for an IBC definition and their usage. 
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Table 12 – Valid fields of the Lead keyword for IBC definition 

Field Description Usage Rules 

Id Identifier or pin number Required Two or more Ids 
previously defined in the 
Lead-definitions section 
as internal terminals 

Blockname Name of the IBC 
component 

Optional Valid string (see 6.8.1) 

Type IBC source parameter 
(S/Z/Y/Circuit) 

Optional Valid String: "S" (default) 
or "Z" or "Y" or "Ckt" 

Param_order Order in which IBC 
parameters are defined 

Optional Valid string (see 6.8.1) 

Format Data format Optional "RI" (default) or "DB" or 
"MA" 

Meas_type Method implemented for 
performing IBC 
measurements 

Optional "0" 

Reference_impedance Reference impedance 
used in IBC 
measurements 

Optional Valid numerical value 
with units: "50ohm" 

Use Parameter that is to be 
specifically used 

Optional One of the values in 
Param_order other than 
the Frequency term. 

Default: First S or Z or Y 
term 

Netlist SPICE type netlist Optional Valid SPICE like data 
statements. See 6.8.3.4 
and 6.8.3.5 

Unit_freq Frequency units Optional Valid units. See A.2.5.5 

Default="Hz" 

Unit_param Parameter units Optional Valid units (see A.2.5.5). 
See 6.8.2.11 for default 
values 

Power_level Measurement power level Optional Valid numerical value 
with units (see A.2.5.5). 

Default="0dBm" 

Data_files IBC source parameter 
defined in an external file 

Required if not List Valid for external netlist 
file or external network 
parameter file. 

List IBC data entries in the 
form of a list defined 
inline 

Required if not Data_files Valid numerical values 
with or without units in 
the specified order 

 

Any relevant information that is required for correct understanding (and usage) of the IBC 
shall be optionally defined within the Notes and Documentation tags. 

6.10 IB 

6.10.1 General 

The Ib section of the ICIM-CI macro-model contains the IB data that describes the model. The 
data shall be defined within the Ib keyword as follows: 

<Ib> 
IB data 

</Ib> 
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Similar to the PDN definition, IB data is defined for a particular IC pin and thus the definition 
shall be done within a Lead tag (see Figure 5 for the structural hierarchy). Several Lead 
elements can be listed one below another in the Ib section to represent the IB data to the 
different pins of the IC. Table 13 lists the various recognized fields of the Lead keyword in the 
Ib section: 

Table 13 – Definition of the Lead keyword in Ib section 

Lead 

Id: pin identity as a valid string (required) 

Ground_id: return signal path as a valid string (required) 

Blockname: IB block name as a valid string 

Type: IB source parameter -"DPI" (required) 

Max_power_level: Maximum injected power 

Voltage: IB data defined as a voltage quantity (required if not Current or Power) 

Current: IB data defined as a current quantity (required if not Voltage or Power) 

Power: IB data defined as transmitted power quantity (required if not Voltage or Current) 

 

The frequency range of the IB information shall be specified in the Validity section under the 
Frequency_range tag. 

NOTE The frequency range of validity of the ICIM-CI macro-model is the common frequency range of the PDN 
and IB. 

Any other relevant information that is required for correct understanding (and usage) of the IB 
shall be optionally defined within the Notes and Documentation tags. Details such as IC 
operating mode, decoupling capacitors on supply lines, activated functions, grounding details, 
datasheets and test reports can be defined. 

6.10.2 Attribute definitions 

6.10.2.1 Id 

The Lead Ids used in this IB definition should have been previously defined as DI pins in the 
Lead_definitions tag as described in 6.5. One or more lead Ids are permitted. 

This is a required field. 

6.10.2.2 Ground_id 

The Lead Ground_ids used in this IB definition should have been previously defined as GND 
in the Lead_definitions tag in 6.5. Only one unique Ground_id is permitted per Lead definition. 

This is a required field. 

6.10.2.3 Blockname 

The Blockname field is used to define the name of the IB block. 

This field is optional and is used for representing the IB as a sub-block. This field is intended 
for informational purposes only. The CIM parser does not interpret this field. 

6.10.2.4 Type 

The Type attribute is used to represent the type of the IB data. CIML version 1 supports only 
one type: "DPI" in the frequency domain. 
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This attribute is open for progress and improvement. It may be reusable for time domain 
immunity modelling at a later stage. 

This is a required field. 

6.10.2.5 Max_power_level 

This optional field specifies the maximum injected power on the specific DI pin (lead Id). The 
Max_power_level attribute definition is shown in Table 14. 

Table 14 – Max_power_level definition 

Max_power_level 

Value: Value of the maximum power level along with units (required) 

Start_freq: Start frequency (optional) 

Stop_freq: Stop frequency (optional) 

 

If defined, it has one required attribute, Value, which carries the value of the maximum 
injected power. For simplicity reasons the value defined for the Value attribute shall be 
defined along with units as discussed in A.2.5.3 (for example, Value="35dBm"). By default, 
this value is used for all frequencies in which the main IB data is defined (see Example 1). 

If several values need to be defined in specific frequency bands of interest, then multiple 
Max_power_level definitions shall be made one after another by specifying the frequency 
band values (Start frequency and Stop frequency) within the Start_freq and Stop_freq 
keywords (see Example 2). 

EXAMPLE 1 The following syntax specifies that the maximum injected power level is 40 dBm in the entire 
frequency range of validity. 

<Max_power_level Value="40dBm"/> 

EXAMPLE 2 The following syntax specifies that the maximum injected power level is 35 dBm in the frequency 
band from 1 MHz to 500 MHz, 25 dBm in the frequency band from 510 MHz to 1 GHz. 

<Max_power_level> 
<Value>"35dBm"</Value> 

 <Start_freq>1MHz</Start_freq> 
 <Stop_freq>500MHz</Stop_freq> 
</Max_power_level> 
 
<Max_power_level> 

<Value>"25dBm"</Value> 
 <Start_freq>510MHz</Start_freq> 
 <Stop_freq>1GHz</Stop_freq> 
</Max_power_level> 

6.10.2.6 Voltage, Current and Power 

The main IB data is defined under the Voltage, Current and/or Power sections. 

At least one definition is required. The voltage data is defined within the Voltage keyword and 
the current data is defined within the Current keyword. The Power section is used to define 
the transmitted power on to the IC pin (lead Id). 

The common definition of the Voltage, Current and Power sections is shown in Table 15. 
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Table 15 – Voltage, Current and Power definition 

Voltage / Current / Power 

Test_criteria: Details on test conditions (required) 

Param_order: Order in which IB parameters are defined (optional) 

Format: IB Data format (optional) 

Unit_voltage: Unit of the voltage terms (optional) 

Unit_current: Unit of the current terms (optional) 

Unit_power: Unit of the power terms (optional) 

Unit_freq: Unit of the frequency terms (optional) 

Data_files: IB source parameter defined in an external file (required if not List) 

List: IB parameter list (required if not Data_files) 

 

These sections have two required child elements: Test_criteria and List (or Data_files). All 
other attributes and elements in Table 15 are optional. 

6.10.2.7 Test_criteria 

The test conditions shall be defined within the Test_criteria keyword, which is a required field. 
These test conditions correspond to the particular IB definition. Its attributes are shown in 
Table 16. 

Table 16 – Test_criteria definition 

Test_criteria 

Id: identity of the OO pin (required) 

Ground_id: return signal identity for the OO pin tested (optional) 

Type: Type of test performed – "PF" for pass/fail, "NPF" for non pass/fail (required) 

Level: Susceptibility level set on the OO pin (optional) 

Parameter: The parameter in which the test is performed (optional) 

 

The Test_criteria has two required attributes: Id and Type. The Id attribute is one of the OO 
pins defined in the Lead_definitions section (see 6.5). It informs the user that the test is 
conducted based on monitoring the specified OO pin. Non OO pins are not accepted. 

The optional Ground_id field represents the return signal path for the OO pin defined in the Id 
field. If absent, the Ground_id defined in the top level IB lead definition is considered by the 
CIM parser. If explicitly defined, the value of the Ground_id field shall correspond to one of 
the GND pins defined in the Lead_definitions section (see 6.5). 

The Type attribute can either be "PF" for pass/fail tests or "NPF" for non pass/fail tests. 

The Level attribute defines the tolerance level set during the test with respect the nominal OO 
signal. For simplicity reasons the value of the Level attribute shall be defined along with units 
as discussed in A.2.5.3 (for example, Level="+200mV"). If multiple tolerance levels need to be 
defined, they shall be represented as single values separated by a comma (",") character. 
For example, to set a tolerance limit of ± 200 mV, one shall define: 

Level="+200mV,-200mV" 

If absent, it defaults to "None". 
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The value of the Parameter attribute represents the parameter on which the pass/fail or non 
pass/fail test has been carried out. In CIML version 1, the Parameter attribute accepts the 
following values: 

• "Amplitude" – The test level is set on the amplitude of the OO pin’s signal 

• "Mean" – The test level is set on the mean of the OO pin’s signal 

• "Time" – The test level is set as jitter 

• "Duty" – The test level is set on the duty cycle of the OO pin’s signal 

• "Period" – The test level is set on the period of the OO pin’s signal 

• "BER" – The test level is set on the Bit Error Rate of the OO pin’s signal 

• "SNR" – The test level is set on the Signal-to-Noise Ratio of the OO pin’s signal 

• "None" – No parameter is defined or none of the above (default) 

This definition is not exhaustive and is open for progress and improvement. Newer values 
could be accepted in the future CIML versions. If absent, the default value is "None". 

Multiple test criteria for the same OO pin can be defined one after other. Nevertheless, it is 
not realistic to define multiple OO pins under the same parent section (Voltage, Current or 
Power), i.e. the following is not permitted: 

<Lead Id="1" Ground_id="7" Type="DPI"> 
<Voltage Param_order ="Freq,Volt" Format="MA"> 

<Test_criteria Id="9" Ground_id="8" Type="PF" .../> 
<Test_criteria Id="10" Ground_id="8" Type="PF" .../> 

  ... 
</Voltage> 

</Lead> 

Whereas the following is permitted: 

<Lead Id="1" Ground_id="7" Type="DPI"> 
<Voltage Param_order ="Freq,Volt" Format="MA"> 

<Test_criteria Id="9" Ground_id="8" Type="PF" 
Parameter="Amplitude"/> 

<Test_criteria Id="9" Ground_id="8" Type="PF" 
Parameter="Time"/> 

  ... 
</Voltage> 
<Voltage Param_order ="Freq,Volt" Format="MA"> 

<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Amplitude"/> 

<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Time"/> 

  ... 
</Voltage> 

</Lead> 

In the above example, two IB data for pin "1" with respect to pin "7" (ground reference) are 
defined using two different Voltage sections, with lead "9" used as OO for the first and lead 
"10" for the second. Both the data are represented as Voltage quantities and represented with 
respect to lead "8" as ground reference. The same namespace with the Lead_definitions 
section is to be followed (see 6.5). 

If the different Voltage, Current or Power sections, defined under the same top-level Lead tag, 
have the same Id in their Test_criteria field (same OO pin reference), then they are 
considered to be measured together. 
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EXAMPLE 

<Lead Id="1" Ground_id="7" Type="DPI"> 
<Voltage Param_order ="Freq,Volt" Format="MA"> 

<Test_criteria Id="9" Ground_id="8" Type="PF" 
Parameter="Amplitude"/> 
<Test_criteria Id="9" Ground_id="8" Type="PF" 
Parameter="Time"/> 

  ... 
</Voltage> 
<Voltage Param_order ="Freq,Volt" Format="MA"> 

<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Amplitude"/> 
<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Time"/> 

  ... 
</Voltage> 

 
<Current Param_order ="Freq,Current" Format="MA"> 

<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Amplitude"/> 
<Test_criteria Id="10" Ground_id="8" Type="PF" 
Parameter="Time"/> 

  ... 
</Current> 

</Lead> 

In the above example, the Voltage and Current sections, representing the IB data obtained by 
monitoring the OO lead "10" are regrouped together by the CIM parser. In contrast, the 
Voltage section with monitoring on OO lead "9" is considered to be another IB data for the 
same parent lead Id="1". 

Any other specific details pertaining to the test conditions shall be defined with the Notes and 
Documentation sections. See E.4 for more information. 

6.10.2.8 Param_order 

The Param_order attribute tells the CIM parser how the IB data is represented. The following 
strings are dedicated for specifying the parameter order: 

• "Freq" and "Frequency": Frequency values used for parameters’ definition 

• "Volt" and "Voltage": Voltage values used for parameters’ definition 

• "Curr" and "Current": Current values used for parameters’ definition 

• "Pwr" and "Power": Power values used for parameters’ definition 

If absent, it defaults to "Freq,Volt" in the Voltage section, "Freq,Curr" in the Current section 
and "Freq,Pwr" in the Power section. 

6.10.2.9 Format 

The Format attribute decides the data format. Valid data formats for IB are: 

• "RI": real/imaginary format 

• "DB": Magnitude in decibel scale with phase angle in degrees 

• "MA": Magnitude in linear scale with phase angle in degrees 

• "DBMAG": Magnitude in decibel scale without phase information 

• "MAG": Magnitude in linear scale without phase information 
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This field is optional. If absent, the default value is "RI". 

6.10.2.10 Unit_freq, Unit_voltage, Unit_current and Unit_power 

The parameter units are defined under the Unit_freq, Unit_voltage, Unit_current and 
Unit_power tags for frequency, voltage, current and power quantities, respectively. Depending 
on the parent element, only the corresponding units are considered, i.e. Unit_voltage is 
allowed under the Voltage section and so on. Only Unit_freq attribute is defined for multiple 
sections. 

If absent, Unit_freq defaults to "Hz". See Table 17 for default values of Unit_voltage, 
Unit_current and Unit_power tags as a function of data format. 

Table 17 – Default values of Unit_voltage, Unit_current and Unit_power tags  
as a function of data format 

Parameter Data format Default 
Unit_voltage 

values 

Default 
Unit_current 

values 

Default 
Unit_power values 

Voltage 

RI V – – 

MA or MAG V – – 

DB or DBMAG dBV – – 

Current 

RI – A – 

MA or MAG – A – 

DB or DBMAG – dBA – 

Power 

RI – – W 

MA or MAG – – W 

DB or DBMAG – – dBW 

 

6.10.2.11 Data_files and List 

The definitions of the Data_files and List keywords are similar to that seen with the PDN 
definition (see 6.8.2.13). The Data_files tag is used to differentiate between inline and 
external data. If the PDN data is defined in one or more external files, the link to the file(s) 
shall be specified within the Data_files tag. Inline data is directly defined under the top level 
Voltage or Current or Power tag within a List tag if needed. Files with the extensions given in 
Table 18 are allowed for describing the IB data. 

Table 18 – Valid file extensions in the Ib section 

File extension Common name 

dat or DAT Data file 

csv or CSV Comma separated values 

txt or TXT Text file 

 

6.10.3 Description 

6.10.3.1 Inline data 

If the IB data (voltage, current or power) are defined for a single frequency, then they can be 
defined within the corresponding section (Voltage, Current or Power) keyword directly. If the 
IB data are defined for multiple frequencies (more than one frequency), data shall be written 
within the List keyword under each section. The frequency units shall be defined within the 
Unit_freq keyword, voltage units shall be specified using the Unit_voltage keyword, that of 
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current using the Unit_current keyword and power units using the Unit_power keyword. When 
absent, default values are used (see 6.10.2.10). Refer to A.2.5 for valid values and units. 

The following example illustrates the IB data, obtained through a DPI test, representing the 
transmitted power on lead "1" with the following test conditions: Pin with Id="9" is monitored 
with pass/fail criteria with a tolerance level of ±2,5 V with respect to the nominal output 
voltage amplitude and ±5 µs with respect to the nominal output voltage distortion in time. The 
test is carried out with a maximum power level of 35 dBm (in all tested frequencies) injected 
on lead "1". Only the magnitude of the output power in watts (W) is represented. 

<Ib> 
<Lead Id="1" Ground_id="7" Type="DPI"> 
<Max_power_level Value="35dBm"/> 

<Power Param_order ="Freq,Power" Format="DBMAG"> 
<Test_criteria Id="9" Type="PF" Level="+2.5V,-2.5V" 

Parameter="Amplitude"/> 
<Test_criteria Id="9" Type="PF" Level="+5us,-5us" 

Parameter="Time"/> 
   <Blockname>Block_OOPin1</Blockname> 
   <Unit_freq>MHz</Unit_freq> 

<Unit_power>W</Unit_power> 
   <List> 

1 1.536571142 
2 0.8327052017 
3 0.9596036832 
4 0.8646181202 
5 0.7045024392 
... 

   </List> 
</Power> 

</Lead> 
</Ib> 

The IB data can be obtained through DPI or RFIP measurements as explained in 7.4. 

6.10.3.2 External file data 

As stated in 6.10.2.11, for directing the CIM parser to use the necessary external data file in 
ASCII format, the definition shall be made using the Data_files keyword under the Voltage, 
Current or Power sections. All other rules are the same as those seen with inline data 
definition in 6.10.3.1. An example of an IB file is shown in Figure 19. Note that all comment 
lines, if present, are indicated by the exclamation ("!") symbol at the beginning, but they not 
parsed by the CIM parser. 
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Figure 19 – Example IB file obtained from DPI measurement 

This information can be obtained through DPI or RFIP measurement methods as explained in 
7.4. An example of the Ib section, defined using IB data in an external file, is shown below: 

<Ib> 
<Lead Id="1" Ground_id="7" Type="DPI"> 

  <Max_power_level Value="35dBm"/> 
<Power Param_order ="Freq,Power" Format="DBMAG"> 

<Test_criteria Id="9" Ground_id="7" Type="PF" 
Level="+2.5,-2.5V" Parameter="Amplitude"/> 
<Test_criteria Id="9" Ground_id="7" Type="PF" 
Level="+5us,-5us" Parameter="Time"/> 

   <Unit_freq>MHz</Unit_freq> 
<Unit_power>W</Unit_power> 

   <Data_files> 
    IB_DPI_Injection9.txt 
   </Data_files> 

</Power> 
</Lead> 

</Ib> 

7 Extraction 

7.1 General 

ICIM-CI macro-model parameters can be extracted from either design information or 
measurements. Detailed methodology for model parameter extractions are not the purpose of 
this part of IEC 62433. Clause 7 gives basic information for obtaining the model parameters 
from measurements. 

7.2 Environmental extraction constraints 

The ICIM-CI macro-model parameter extractions have to be performed under normal room 
temperature conditions: 23 °C ± 5 °C. There are no additional requirements on air pressure 
and humidity. 

When open silicon is used, the lights shall be dimmed or switched off in order not to generate 
photonic effects. 
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NOTE Some substrate materials are hydroscopic which might affect the permittivity of the material and its loss 
tangent. 

7.3 PDN extraction 

7.3.1 General 

The PDN impedance is extracted using different configurations proposed in CISPR 17. As per 
the standard, impedance of a DUT is measured using impedance-measuring equipment and a 
test fixture. 

An appropriate combination of the measuring equipment and test fixture shall be selected 
according to the DUT configuration and the test frequency. As the PDN impedance may vary 
with bias, extraction of PDN elements shall be performed with the DUT "powered" in order to 
be close to normal operating conditions. Care shall be taken not to over bias the DUT. 

The measurement system shall be traceable to a national standards organization. The 
measuring system and the test fixture shall be properly calibrated as specified in the 
equipment’s instruction manuals. 

There are several methods to extract these PDN parameters. They are described briefly in 
7.3.2 and 7.3.3. 

7.3.2 S-/Z-/Y-parameter measurement 

One method to measure the DUT’s network parameters (S- or Z- or Y-parameters) consists of 
using impedance-measuring equipment. As per CISPR 17, impedance measurement of a DUT 
is carried out by one of two methods: the direct method or the indirect method. 

In the direct method, impedance shall be measured by inserting the DUT into the test fixture 
and by sweeping the measurement frequency with the impedance-measuring equipment. The 
relationship between the impedance and the frequency shall be recorded within the required 
frequency range. 

In the indirect method, the impedance of a DUT can be evaluated from its S-parameters. In 
this case, the S-parameters are measured using a vector network analyzer within the required 
frequency range. Modern VNAs typically include a function for calculating the impedances. 

Measurement setup may vary depending on whether the test-pin is single-ended or differential. 
These methods are described in Annex F. 

Conversion between different network parameters is provided in Annex C. 

7.3.3 RFIP technique 

The PDN elements can be extracted with a measurement method based on a DPI test setup 
(IEC 62132-4). 

Probes can be passive (R, L, C elements) or active (R, L, C and transistors). Therefore, 
calibration of these probes is required. Pin impedance is extracted from voltage and current 
measurements. 

One probe allows to measure impedance of one-pin (one-port). For several port 
measurements (multi-pin), several probes are required. 

Detailed description of RFIP technique is available in Annex G. 
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7.4 IB extraction 

7.4.1 General 

As discussed in 5.4, the IB component of the ICIM-CI macro-model describes how the IC 
reacts to the applied disturbances. The disturbance may be injected in one or many IC leads 
simultaneously. The IB is defined in the frequency domain by representing transmitted power 
(PT) on to the DI pin(s) as a function of frequency, as well as the variations on one or more 
OO. The transmitted power threshold is the intrinsic power which induces a malfunction. The 
variation of the signal at OO is considered to depend on the transmitted power entering in the 
device. 

There are several methods to extract these IB parameters. Two of them are described in 7.4.2 
and 7.4.3. 

7.4.2 Direct RF power injection test method 

The direct RF power injection (DPI) measurement method is an internationally accepted 
technique to verify the robustness of an IC against an injected RF signal. The requirements of 
this measurement method are defined in IEC 62132-4. The test setup is shown in Figure 20. 

 

Figure 20 – Test setup of the DPI immunity measurement method 
 as specified in IEC 62132-4 

The continuous wave (CW) RF disturbance signal is generated by the RF generator which is 
connected to the RF amplifier. The signal is injected into the test board carrying the test IC 
through an optional directional coupler. The use of the directional coupler is to measure the 
injected and reflected power if needed with the use of RF power-meters. At the reference port 
on the test board (RF injection port), the RF disturbance signal is connected to one or more 
pins of the IC. A DC block capacitor is used to avoid supplying DC to the output of the RF 
amplifier. On the other side, a decoupling network is used so as to prevent DC supply from 
receiving the RF power. Single and multi-pin injection is illustrated in Figure 21. 
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Figure 21 – Principle of single and multi-pin DPI 

The test procedure is as follows: 

• The power of the disturbance signal is increased stepwise at each frequency of interest, 
until the DUT shows a malfunction on the OO pin. 

• Sufficient dwell time is chosen so that the DUT is allowed to react to the disturbance 
signal. 

• A maximum injection power level may also be set during the tests. 

• At each frequency, the power level at which a malfunction is induced is measured with a 
power meter across the coupler ports when used. If needed, both injected power and 
reflected power can be measured simultaneously. When the coupler is not used, then the 
RF power level is directly measured at the output of the RF amplifier. 

Depending on the measured quantities, the method for extracting the transmitted power on to 
the test lead varies. Refer to IEC 62132-4 for more information on the DPI test method. 

When both injected power (Pi) and reflected power (Pr) are measured across the dual 
directional coupler, it is possible to calculate the transmitted power (PTref) on to the reference 
port using: 

r iTref PPP −=  

This power corresponds to the power transmitted at the reference port on the test board. To 
calculate the actual transmitted injected on the lead pin, electrical simulations shall be 
performed so as to take into account the traces and other elements connected to the 
reference port. This is illustrated in Figure 22. 

Single-pin 
injection 

Multi-pin 
injection 

IEC 

BS EN 62433-4:2016

http://dx.doi.org/10.3403/30149456U


 – 54 – IEC 62433-4:2016 © IEC 2016 

 

Figure 22 – Electrical representation of the DPI test setup 

The traces on the PCB and other passive components such as the DC block capacitor and the 
decoupling network shall be modelled accurately with their respective high-frequency models. 
The DI pin under test is represented by its PDN measured using one of the methods 
explained in 7.3. Since Pi is measured, the equivalent injection voltage (e) can be calculated 
using: 

0

2

i 4Z
eP =  

with Z0 = 50 Ω. The transmitted power to the DI pin (PT) can be calculated from the voltage 
(VDUT) and current simulated (IDUT) at the reference port by using: 

[ ]DUT
*

DUT
*

DUTDUTT 2
1 IVIVP += Re  

If the coupler is not used, the same technique can be applied, except that the injected power 
(Pi) is the RF power at the amplifier stage. 

If the extraction of IB is based on the use of measurements (for example IEC 62132-4), then 
the valid frequency range of the IB corresponds to the corresponding standard. 

7.4.3 RF Injection probe test method 

The RF injection probe (RFIP) method is derived from the DPI immunity test method. The 
probe applies the disturbance and measures the voltage across the DUT (V1 and VDUT). The 
IDUT, PDUT and ZDUT parameters are then computed. An oscilloscope is used to measure V1 
and VDUT in the time domain. All computation is performed in the frequency domain thanks to 
a processing performed with a software tool. 
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a) Test setup b) RFIP probe representation 

Figure 23 – Test setup of the RFIP measurement method derived from the DPI method 

This method is based on the current and voltage measurements. Thus, obtaining the immunity 
parameters is reasonably straightforward in this method. 

The RF injection probe is defined by the Z-matrix characterized by two-port S-parameter 
measurements (see Figure 23). All the key electrical parameters, namely IDUT, ZDUT and PDUT 
can be computed based on the measuring the voltages VDUT and V1. 

It shall be noted that ZDUT of the particular DI pin is defined in the PDN part of the ICIM-CI 
macro-model. Based on these fundamentals, the RFIP allows measurement of the power 
transmitted into the DUT (PT). The measurement method is explained in detail in Annex G. 
The transmitted power is calculated from the following equations: 

[ ]DUT
*

DUTDUT
DUT

*
DUTDUT

T 2
1

2
1 ZII

Z
VV

P ReRe =











=  

Though IB is always termed as the transmitted power in the frequency domain, it is possible 
to represent IB as a voltage or current quantity due to the inherent relation between VDUT, 
IDUT and PT. 

If the IB data is represented using the complex voltage VDUT or complex current IDUT, PT is 
computed with the use of ZDUT available in the PDN. In these cases, it is mandatory to define 
VDUT and IDUT as a complex quantity. If PT is defined as IB, then it is directly used and can be 
represented in any format (real or complex). 

If the RFIP test method is used, then the valid frequency range of the ICIM-CI macro-model’s 
IB extracted using RFIP is the same as that of the measurement data. 

7.4.4 IB data table 

In the simplest case, a table summarizes the transmitted power corresponding to the level at 
which the failure occurs. The example IB data of a voltage regulator, obtained from DPI 
measurement, is illustrated in Table 19. The injected power causing the malfunction on a 
chosen OO lead is used to calculate the transmitted power (see 7.4.2). User set immunity 
criteria have been applied on the OO lead and a binary pass/fail test is performed. More 
details on the test setup and criteria are discussed in Clause 9. 
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Table 19 – Example of IB table pass/fail criteria 

Frequency (MHz) PT (dBm) 

1 18,11 

2 23,15 

3 22,10 

4 21,13 

5 18,04 

10 10,82 

50 9,25 

100 16,88 

200 7,95 

500 12,34 

980 31,40 

NOTE Only some immunity values have been listed for illustrative purposes. 

 

Table 19 can also be represented by including all tested frequencies, irrespective of the 
whether the malfunction has occurred or not. 

It is also possible to represent the IB data using a non pass/fail test type. In such cases, the 
IB table shall contain the maximum transmitted power (versus frequency) before any variation 
on the OO is induced. Example data are shown in Figure H.1 (see Annex I). 

7.5 IBC 

The IBC impedance can be derived from the power-supply pin (VDD – VSS) impedance by 
subtracting the impedance part that belongs to the PDN. A detailed method should be 
elaborated in future. 

8 Validation of ICIM-CI hypotheses 

8.1 General 

The model structure is based on hypotheses that need to be verified in order to validate the 
model and justify its capability to predict the EMC behaviour in other conditions than the one 
used to extract the model. 

The first hypothesis is linked to the use of network parameters (S or Z or Y) to describe the 
PDN of the component, or more generally to the description without considering non-linear 
effects. 

The second hypothesis is on the use of the transmitted power criterion as a relevant 
parameter for defining and expressing the immunity of the device. 

Both these hypotheses are validated using a transistor (a non-linear device) as an example. 
The test setup is shown in Figure 24. The base and the emitter of the transistor are grounded 
(connected to 0 V reference) and the collector is biased with a 5 V supply. The base is the DI 
terminal and the collector is the OO terminal that is monitored for defect, with tolerance of 
±200 mV on amplitude. 
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Figure 24 – Example setup used for illustrating ICIM-CI hypotheses 

8.2 Linearity 

It is evident that a disturbance of an integrated circuit could also be caused by a non-linear 
effect. Nevertheless, in our approach, we suppose that this non-linear behaviour can be 
neglected in the PDN description, until the malfunction appears. This hypothesis shall be 
verified to validate the model. 

This can be validated by measuring transfer functions with a network analyzer, for incident 
power close to the disturbance level identified during the DPI test (if it is the method used to 
characterize the device). The level is usually set at 6 dB below the susceptibility threshold to 
perform the measurement. This result can then be compared to a simulation result being 
based on linear models (such as S-parameters). 

If there is no more than 3 dB deviation between both results we can conclude that the linearity 
hypothesis is verified, and that the model is validated for this aspect. Figure 25 provides an 
example of comparison between measurement and simulation for a │S21│ coefficient, 
corresponding to the transmission coefficient between the base and the collector of the 
transistor shown in Figure 24. 
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Figure 25 – Example of linearity assumption validation 

8.3 Immunity criteria versus transmitted power 

The second hypothesis is to consider that an integrated circuit will be disturbed for a given 
transmitted power on a pin, and that this can be considered as an intrinsic data for the 
component. This means that the environment (filtering, PCB layout, etc.) will only act in the 
transfer function of disturbances until the IC inputs, but not on the transmitted power 
threshold causing a malfunction. 

In order to validate this, it is recommended to perform DPI tests (if it is the method used to 
characterize the immunity of the device) in two configurations. The first one will be used to 
extract the transmitted power threshold. The second one can consist in adding typical filters 
such as those envisaged in the application. Based on the established model, one can predict 
the performance in this second configuration and compare its prediction with the experiment. 
The correlation allows to validate the predictive performance of the model, and to validate the 
use of the transmitted power as a relevant criterion to describe the immunity of a device. 

An example of prediction is provided in Figure 26, allowing the validation of this second 
hypothesis on the setup shown in Figure 24. The immunity level in Figure 26 corresponds to 
the injected power on the base of the transistor (DI) for which a defect has been observed on 
the collector pin (OO) for an amplitude tolerance of ±200 mV. 
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Figure 26 – Example of transmitted power criterion validation 

In Figure 26, it should be noted that the predicted results correlate well with the measured 
results with 100 pF decoupling capacitor. From about 50 MHz to 500 MHz the measured 
results have reached the maximum allowed power level (25 dBm in this case), whereas the 
predicted results can exceed this level. 

9 Model usage 

As previously stated, ICIM-CI macro-model’s PDN and IB sub-models are valid in the 
conditions in which they have been established. Nevertheless, ICIM-CI macro-model can be 
used at application level simulation in SPICE like simulators, incorporating external 
components (environment models) such as decoupling capacitors, filter components, and PCB 
trace parasitics. An example use of an ICIM-CI macro-model is shown in Figure 27. 

 

Figure 27 – Use of the ICIM-CI macro-model for simulation 

Failure prediction output by simulation is dependent on the IB block itself. If the IB has been 
determined using binary pass/fail method (immunity criteria is already incorporated in the IB), 
then the simulations can directly estimate failure. The simulation flow is represented using red 
arrows in Figure 27. An application example, based on pass/fail test, to predict IC immunity 
behaviour (failure) is illustrated in Annex H. 
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However, failure detection cannot not be performed by the IB block directly if it has been 
extracted using a non pass/fail test. The failure detection has to be done by monitoring the 
simulated transmitted power and the behavioural data supplied by the IB block; the simulation 
result is analogue data and not binary data. Immunity criteria shall be applied at this stage to 
predict the IC failure. The simulation flow for such cases is represented using blue arrows in 
Figure 27. An example of using a non pass/fail test result to predict IC failure is illustrated in 
Annex I. 
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Annex A 
(normative) 

 
Preliminary definitions for XML representation 

A.1 XML basics 

A.1.1 XML declaration 

Although the XML declaration is optional in an XML file, the ICIM-CI macro-model file shall 
include an XML declaration, dedicated to basic XML parsers. 

<?xml version="1.0" encoding="UTF-8" ?> 

The XML declaration shall be the first line of the file. 

A.1.2 Basic elements 

All information is saved in the form of XML elements. Each element starts with a start-tag and 
ends with an end-tag. The start-tag consists of a keyword enclosed in triangular brackets, 
<Keyword>. The end-tag consists of the same keyword prefixed by the character "/" and 
enclosed in brackets, </Keyword>. Content in the form of text is enclosed by a start-tag and 
an end-tag. 

An example of an element is given below: 

<Keyword>   <!-- start-tag --> 
text   <!-- content --> 

</Keyword>   <!-- end-tag --> 

It is also allowed to write an element on the same line, for example, to include short content: 

<Keyword>text</Keyword> 

The contents of an element may consist of one or more elements or a value (numerical, or 
alphanumerical). For clarity, tab characters may be used for indenting. Except when used for 
surrounding keywords, triangular brackets "<" and ">" shall not be part of content. 

The text shall use characters from the UTF-8 set (space " ", "<", ">", "&" are not included). 

An empty element may be included to indicate that a particular keyword exists, but has no 
content: 

<empty_element/> 

A.1.3 Root element 

The XML file shall contain one, and only one, root element. It encloses all the other elements 
and is therefore the sole parent element to all the other elements. The start-tag of the root 
element is placed at the beginning of the file or after the XML declaration when present. The 
end-tag of the root element is at the last entry of the file. 

The root element keyword shall not be used for any other purposes in the XML file 
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A.1.4 Comments 

Comments may be inserted into the file between "<!--" and "-->". An example is given below: 

<!-- this line is a comment --> 

Comments can be inserted anywhere in the file, except inside start- and end-tags, and written 
on a single line or on several lines. All text enclosed by comment brackets is considered as a 
comment and may be ignored. 

A.1.5 Line terminations 

In order to facilitate readability, it is usual to organize the file into lines. The line termination 
sequence shall be either a linefeed character or a carriage return character followed by a 
linefeed character. 

A.1.6 Element hierarchy 

The order of the elements is not important, but their hierarchy shall be respected. A layout 
example is shown below: 

<Keyword1> ... </Keyword1> 
<Keyword2> 

<Keyword21> ... </Keyword21> 
<Keyword22> ... </Keyword22> 

</Keyword2> 
<Keyword3> ... </Keyword3> 

A.1.7 Element attributes 

XML keyword elements can have attributes. Attributes provide additional information about 
elements that are not a part of the data. Attribute values shall always be quoted. Either single 
or double quotes can be used. Multiple attributes are either separated by a space or by a 
semi-colon (";") character. In contrast to elements, attributes usually cannot contain multiple 
values and tree structures, except for certain exceptions in the XML. An example of attribute 
definition is shown below: 

<Parent Type="example"; Format="string"/> 

In the above syntax Type and Format are attributes to the keyword Parent. The same terms 
can be defined as elements as shown below: 

<Parent> 
<Type>example</Type> 
<Format>string<Format> 

</Parent> 

A.2 Keyword requirements 

A.2.1 General 

Keywords, placed in start- and end-tags, are used to introduce descriptions, values and 
sections that are specific to the file. Some keywords, such as Unit, List, etc, may be present 
in several sections. A parent keyword is required whenever a child keyword is present. The 
rules below ensure that the file can be correctly parsed by a specific XML parser. 

BS EN 62433-4:2016



IEC 62433-4:2016 © IEC 2016 – 63 –  

A.2.2 Keyword characters 

ASCII characters, as defined in ISO/IEC 646: 1991, shall be used in the files The use of 
characters with codes greater than hexadecimal 07E is not allowed. Also, ASCII control 
characters (those numerically less than hexadecimal 20) are not allowed, except for tabs or in 
a line termination sequence. 

Only alphabetical or numerical characters can be used to write keywords. Spaces are not 
permitted. If needed, the underscore "_" character can separate the parts of a multi-word 
keyword. 

A.2.3 Keyword syntax 

The content of the files is case sensitive. All keywords shall be written in lower case starting 
with an upper case letter. 

A.2.4 File structure 

A.2.4.1 General 

The information to be exchanged may be stored in a single file or in several and data files. 
The following rules and guidelines ensure that the files can be correctly located by an XML 
parser. 

A.2.4.2 File names 

To facilitate portability between operating systems, file names should have a base name of no 
more than forty characters followed by a period ".", followed by a filename extension of no 
more than four characters. The file name and extension shall use characters from the set 
(space " ", 0x20 is not included) seen previously in A.1.2. File name shall be defined within 
the Filename keyword as shown below: 

<Filename>ExampleXML_file.xml</Filename> 

A.2.4.3 File Paths 

In order to ensure portability and compressibility, only relative paths can be used to define a 
path name. An absolute path is not exportable and is not permitted. The relative path shall 
start with "./" to indicate that the path name of the file will be appended to the path of the 
current XML file. It is not permitted to browse to a higher level from the current XML path (e.g. 
by using "../"). A file name without "./" is assumed to be located in the same directory as the 
current XML file. 

A.2.4.4 Single XML file 

When the information is contained in a single XML file, it shall conform to the rules and 
guidelines applicable to XML files as described previously. 

Data is included in the PDN or IB section of the file within the XML element using the keyword 
"List" whenever required. 

A.2.4.5 Multiple XML files 

The XML document is divided into several sections having the root element as parent. The 
model’s information is then defined under the root section using keywords such as PDN, IB, 
etc. Each XML file may contain one or more sections and shall conform to the rules and 
guidelines applicable to XML files as described previously. A section shall be present in only 
one of the XML files. 
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In order to ensure portability and compressibility, all the XML files shall be placed in the same 
directory, as shown in Figure A.1. The XML parser shall parse all the files that are in the main 
directory. 

 

Figure A.1 – Multiple XML (CIML) files 

A.2.4.6 Separate data files 

The information may be contained in a single or in multiple XML files and the data contained 
in one or more additional data files. The XML files shall conform to the rules and guidelines 
applicable to XML files as described above. The data files can contain lines of data and 
header information shall be specified with explanation character ("!") as the first character of 
each header line (non-data line). As an exception, for data files with a touchstone extension 
(*.snp, n = 1,2,…) used for PDN definition, the line starting with a hash character ("#") is 
treated as the "option line" that specifies data format and units pertaining to touchstone data. 
Only one "option line" is allowed per touchstone data file. The names and paths of the data 
files are defined by the keyword Data_files and shall conform to A.2.4.2 and A.2.4.3. 

In order to ensure portability and compressibility, the data files shall be placed either in the 
same directory as the XML files or in a sub-directory located at the same level as the XML 
files or at a lower level, as shown in Figure A.2. It is not permitted to locate the additional files 
at a higher level than the XML files. 

  
a) Data files in the same directory b) Data files in a sub-directory 

Figure A.2 – XML files with data files (*.dat) 
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A.2.4.7 Additional files 

A XML file may contain references to other files such as document files (Keyword: 
Documentation). In order to ensure portability and compressibility, these additional files shall 
be placed either in the same directory as the single XML file or in a sub-directory located at 
the same level as the XML files or at a lower level, as shown in Figure A.3. It is not permitted 
to locate the additional files at a higher level than the XML files. 

  

a) Additional files in the same directory b) Additional files in a sub-directory 

Figure A.3 – XML files with additional files 

A.2.4.8 File compression 

When compressing the file system, care shall be taken to include the paths of the various 
XML and data files in the compressed file. This ensures that, when decompressed, the file 
structure is conserved. The paths are not required when all files are stored in the same 
directory. 

A.2.5 Values 

A.2.5.1 General 

When an element contains a value, this may be a numerical value (e.g. 123,45), or a 
numerical value with units (e.g. 123,45 MHz). 

A.2.5.2 Numerical syntax 

Numerical values may be expressed in decimal form with the period as the decimal separator 
(e.g. 123.45) or in scientific form (e.g. 1.2345e2). Spaces " " and commas ",", which are often 
used as thousand separators, and other characters are not allowed. 

In cases where several numerical values are required, they shall be separated by spaces " " 
or tab characters. 

A.2.5.3 Numerical with units syntax 

The numerical value (see A.2.5.2) is followed by valid units, as described in A.2.5.5 (e.g. 
123,45 MHz). Spaces are not allowed between the numerical value and the units. 
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A.2.5.4 Text string 

A text string may represent a word recognized by the XML parser or it may be a file name, a 
description, etc. A text string may contain any of the alphanumerical characters given in A.1.2. 

A.2.5.5 Valid units 

Units shall be expressed in SI units or derived SI units. Valid units are: 

V for volt ohm for ohm S for siemens =1/ohm 

A for ampere Hz for hertz m for metre 

W for watt s for second H for henry 

F for farad ohm.m for ohm metre Celsius for degree Celsius 

K for kelvin 1 for dimensionless quantity  

Units are case sensitive. 

Angles are expressed in degrees. The symbol "°" is not required. Percentage is expressed as 
"%". 

Valid scaling factors are: 

T = tera: 1012 c = centi: 10-2 p = pico: 10-12 

G = giga: 109 m = milli: 10-3 f = femto: 10-15 

M = mega: 106 u = micro: 10-6 a = atto: 10-18 

k = kilo: 103 n = nano: 10-9  

When no scaling factors are specified, the appropriate base units are assumed. These are 
volts, amperes, watts, ohms, siemens, hertz, metres, seconds, henry, farads, ohm.m, Celsius 
and kelvin. Abbreviations for the units (for example, pV, nA, ms, MHz) shall be used, except 
ohm, Celsius and resistivity, which shall be written in full. A list of valid logarithmic units is 
given in Table A.1. 

Table A.1 – Valid logarithmic units 

Usage Symbol Unit Reference 

Ratio dB decibel 1 

Power dBW decibel watt 1W 

Power dBmW decibel milli-watt 1mW 

Power dBuW decibel micro-watt 1µW 

Voltage dBV decibel volt 1V 

Voltage dBmV decibel milli-volt 1mV 

Voltage dBuV decibel micro-volt 1µV 

Ampere dBA decibel ampere 1A 

Ampere dBmA decibel milli-ampere 1mA 

Ampere dBuA decibel micro-ampere 1µA 

Impedance dBohm decibel ohm 1ohm 

Admittance dBS decibel siemens 1S 
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Unit definitions can be made in any section and with the Unit keyword. A typical unit 
description is shown below: 

<Unit> 
 kHz 
</Unit> 
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Annex B 
(informative) 

 
ICIM-CI example with disturbance load 

Figure B.1 shows an example of DPI setup for extracting the IB data of an oscillator. The DI is 
the supply line (VCC) and the OO is the jitter of the clock output. 

The DO1 is the input of the IC where the Cx1 capacitor is connected. The DO2 is the output of 
the IC where the Cx2 is connected. Both of them receive a part of the jitter applied on the DI 
and they can influence the jitter level. The OO is where the jitter is monitored. 

 

Figure B.1 – ICIM-CI description applied to an oscillator stage for extracting IB 

IEC 
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Annex C 
(informative)  

 
Conversions between parameter types 

C.1 General 

As described in Clause 5, the power transmitted into a DI shall be determined from the 
forward power and the impedance. Obtaining this quantity is straightforward when the 
impedance of the DI is characterized by S-parameters, whereas conversion of the parameters 
is required when Z- or Y-parameters are used. This conversion also depends on whether the 
input or output is single-ended or differential. 

C.2 Single-ended input or output 

The configuration for a single-ended DI, is shown in Figure C.1 

 

Figure C.1 – Single-ended DI 

The single-ended DI is considered to be a one-port network. In this case, the relationship 
between the transmitted power (PT) and the forward power (PF) is given by: 

• S-parameters 
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In the above equations, S11, Z11 and Y11 are complex values. 

Table C.1 shows the relationships to convert between S11, Z11 and Y11 for a one-port network. 
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Table C.1 – Single-ended parameter conversion 

 To 

S-parameters Z-parameters Y-parameters 

From 
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Z0 is the characteristic impedance and Y0 is the characteristic admittance used as the reference for the S-
parameters (Z0 is typically 50 Ω). 

 

C.3 Differential input or output 

The configuration for a differential DI is shown in Figure C.2. 

 

Figure C.2 – Differential DI 

A differential DI is considered to be a two-port network as shown in Figure C.3. 

 

Figure C.3 – Two-port representation of a differential DI 

The differential DI can be described by two-port S-parameters, two-port Z-parameters or two-
port Y-parameters. These may be obtained either by measurements using a two-port vector 
network analyzer or by voltage and current measurements at the two ports. The resulting 
parameter file may then be used for simulation. 

Table C.2 shows the relationships between S-, Z- and Y-parameters for a two-port network [3]. 
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Table C.2 – Differential parameter conversion 
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S-parameters Z-parameters Y-parameters 
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Z0 is the characteristic impedance and Y0 is the characteristic admittance used as the reference for the S-
parameters (Z0 is typically 50 Ω). 

 

It is possible to deduce common-mode and differential-mode parameters from the two-port 
parameters. Common-mode parameters consider that the two ports (DI1 and DI2) are 
connected together directly without any additional components. However, their use is not 
suited to immunity simulations based on, for example, DPI measurements according to 
IEC 62132-4. In this case the disturbing signal is fed from a single signal generator to each DI 
via a coupling network, typically a coupling capacitor. This capacitor, as well as any other 
passive components, PCB tracks, etc., shall be included in the simulation as shown in 
Figure C.4. 
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Figure C.4 – Simulation of common-mode injection on a differential DI based on DPI 

In the case where the coupling networks are considered to have a negligible effect on the 
signals (loss and mismatching), the two DIs can be considered to be directly connected 
together. The equivalent common-mode impedance (ZE) of the two DIs connected together is 
shown in Figure C.5 and is given by: 

22211211
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E ZZZZ

ZZZZZ
+−−
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=  

 

Figure C.5 – Equivalent common-mode input impedance of a differential DI 

The transmitted power can then be calculated using the method described above for a single- 
ended DI, replacing Z11 by ZE. 

Other parameters can be used with the conversions given in Tables C.2 and C.3. 

In the case where the coupling network is lossy or introduces a significant mismatch, the 
contribution to the transmitted power of each DI and its associated coupling network shall be 
determined. This can be carried out by simulation when the coupling networks have been 
suitably modelled (discrete RLC or file-based). A typical simulation setup using a file-based 
two-port element is shown in Figure C.6. The currents I1 and I2 and the voltages V1 and V2 
have complex values. 

 
Figure C.6 – Determination of transmitted power for a differential DI 
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The total transmitted power PT is the sum of the transmitted powers at each DI given by the 
complex conjugate product of the voltage and current (both are peak and complex values): 

T2T1T PPP +=  

where 
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2

Re *IVP 11
T1 =  

[ ]
2

Re *IVP 22
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Therefore, 

[ ] [ ]
2
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2

Re ** IVIVP 2211
T +=  

Table C.3 shows other possible formulations for the calculation of power. 

Table C.3 – Power calculation 

Scalar product cos

2 2

V I φV I
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Conjugate product 
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NOTE The power is always the absolute value of P. V and I are peak values. 

The corresponding forward power at the summing point PF is 

0

S

Z
VP
8

=F  

The forward and transmitted powers can then be scaled as required. 
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Annex D 
(informative) 

 
Example of ICIM-CI macro-model in CIML format 

An example ICIM-CI macro-model of a LIN transceiver is illustrated. The test setup is shown 
in Figure D.1. 

 

Figure D.1 – Test setup on an example LIN transceiver 

The leads VCC and LIN are the DI points and the leads RX, INH and LIN are monitored (OO 
pins). The PDN of the VCC and LIN pins with respect to the ground (GND) are extracted using 
conventional two-port S-parameter measurements using a power level of –10 dBm. The data 
is stored in touchstone format (s2p file). Standard pass/fail test is carried out on all OO leads 
with the following test conditions: 

• LIN: ±2,5 V on amplitude and ±5 µs on time 

• RX: ±1 V on amplitude and ± 5µs on time 

• INH: ±2 V on amplitude 

The DPI test is carried out in the frequency band from 1 MHz to 1 GHz, with a maximum 
power level of 35 dBm. 

<?xml version="1.0" encoding="UTF-8" ?> 
<!-- root element --> 
<CImodel> 
 <!-- Header section --> 
 <Header> 

<Cim_ver>1.0</Cim_ver> 
<Filename>ExampleICIMCI_LINTRCV.ciml</Filename> 
<File_ver>1.0</File_ver> 
<Author>AR,JLL</Author> 
<Dut>LINTRCV</Dut> 
<Date>March 1, 2013</Date> 
<Meas_method>DPI for IB,S for PDN</Meas_method> 

</Header> 
 <!-- Lead definitions section --> 
 <Lead_definitions> 
  <Lead Id="1" Name="RX" Mode="OO"/> 
  <Lead Id="2" Name="EN" Mode="None"/> 

<Lead Id="3" Name="WK" Mode="None"/> 
  <Lead Id="4" Name="TX" Mode="None"/> 
  <Lead Id="5" Name="GND" Mode="GND"/> 
  <Lead Id="6" Name="LIN" Mode="DI,OO"/> 

<Lead Id="7" Name="VCC" Mode="DI"/> 
  <Lead Id="8" Name="INH" Mode="OO"/> 

</Lead_definitions> 
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 <!-- Validity section --> 

 <Validity> 

  <Power_supply>12V</Power_supply> 
<Frequency_range>[1MHz – 1GHz]</Frequency_range> 
<Temperature_range>25Celsius</Temperature_range> 

<Notes>WK pin not used</Notes> 

 </Validity> 

 <!-- Pdn section --> 
 <Pdn> 
  <!-- PDN of VCC lead, lead 7 and lead 6 --> 

 <Lead Id="7,6" Ground_id="5" Meas_type="0"> 
<Data_files> 

    LINTRCV_VCC_LIN_PDN_S11.s2p 
</Data_files> 

</Lead> 
</Pdn> 

 <!-- Ib section --> 
 <Ib> 
  <!-- IB with injection on VCC lead, id=7 --> 
  <Lead Id="7" Ground_id="5" Type="DPI"> 
   <Max_power_level Value="35dBm"/> 
   <!-- Pt section with RX pin id=1 monitoring --> 
   <Power Param_order ="Freq,Power" Format="DBMAG"> 

<Test_criteria Id="1" Type="PF" Level="+1,-1V" 
Parameter="Amplitude"/> 

<Test_criteria Id="1" Type="PF" Level="+5us,-5us" 
Parameter="Time"/> 

<Unit_power>dBm</Unit_power> 
    <Data_files> 
     Pt_injVCC_monRX.txt 
    </Data_files> 
   </Power> 
   <!-- Pt section with LIN pin id=6 monitoring --> 
   <Power Param_order ="Freq,Power" Format="DBMAG"> 

<Test_criteria Id="6" Type="PF" Level="+2.5,-2.5V" 
Parameter="Amplitude"/> 

<Test_criteria Id="6" Type="PF" Level="+5us,-5us" 
Parameter="Time"/> 

<Unit_power>dBm</Unit_power> 
    <Data_files> 
     Pt_injVCC_monLIN.txt 
    </Data_files> 

</Power> 
   <!-- Pt section with INH pin id=8 monitoring --> 

<Power Param_order ="Freq,Power" Format="DBMAG"> 
<Test_criteria Id="8" Type="PF" Level="+2,-2V" 

Parameter="Amplitude"/> 
<Unit_power>dBm</Unit_power> 

    <Data_files> 
     Pt_inVCC_monINH.txt 
    </Data_files> 

</Power> 
</Lead> 

  <!-- IB with injection on LIN lead, id=6 --> 
  <Lead Id="6" Ground_id="5" Type="DPI"> 
   <Max_power_level Value="35dBm"/> 
   <!-- Pt section with RX pin id=1 monitoring --> 
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<Power Param_order ="Freq,Power" Format="DBMAG"> 
<Test_criteria Id="1" Type="PF" Level="+1,-1V" 

Parameter="Amplitude"/> 
<Test_criteria Id="1" Type="PF" Level="+5us,-5us" 

Parameter="Time"/> 
<Unit_power>dBm</Unit_power> 

    <Data_files> 
     Pt_injLIN_monRX.txt 
    </Data_files> 

</Power> 
   <!-- Pt section with LIN pin id=6 monitoring --> 

<Power Param_order ="Freq,Power" Format="DBMAG"> 
<Test_criteria Id="6" Type="PF" Level="+2.5,-2.5V" 

Parameter="Amplitude"/> 
<Test_criteria Id="6" Type="PF" Level="+5us,-5us" 

Parameter="Time"/> 
<Unit_power>dBm</Unit_power> 

    <Data_files> 
     Pt_injLIN_monLIN.txt 
    </Data_files> 

</Power> 
   <!-- Pt section with INH pin id=8 monitoring --> 

<Power Param_order ="Freq,Power" Format="DBMAG"> 
<Test_criteria Id="8" Type="PF" Level="+2,-2V" 

Parameter="Amplitude"/> 
<Unit_power>dBm</Unit_power> 

    <Data_files> 
     Pt_injLIN_monINH.txt 
    </Data_files> 

</Power> 
</Lead> 

 </Ib> 
</CImodel> 

The S-parameter file (s2p) of the PDN of leads 6 (LIN) and 7 (VCC) with respect to lead 5 
(GND) is shown in Figure D.2. The data are plotted in Figure D.3. 

 

Figure D.2 – PDN data in touchstone format (s2p), data measured using VNA 
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Figure D.3 – PDN data of leads 6 (LIN) and 7 (VCC) 

The measured IB data for injection on VCC pin (lead 7), for different OO pins that are 
monitored, are shown in Figure D.4 and the traces are plotted in Figure D.5. 

 

Figure D.4 – IB data in ASCII format (.txt), data measured 
 using DPI method – Injection on VCC pin 
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Figure D.5 – IB data for injection on VCC pin 
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Annex E 
(normative) 

 
CIML Valid keywords and usage 

E.1 Root element keywords 

The keywords shown in Table E.1 are placed at the beginning of the file after the XML 
definition. 

Table E.1 – Root element keywords 

Keyword Parent Description Presence Example 

Header Root element Specifies a header 
section. 

Required <Header> 

... 

</Header> 

Lead_definitions Root element Specifies a lead 
definitions section. The 
details defined in this 
section are used for in 
all other sections. 

Required <Lead_definitions> 

... 

</Lead_definitions > 

Validity Root element Specifies the validity 
section. The details 
defined in this section 
are global to all other 
sections. 

Required <Validity> 

… 

</Validity> 

Macromodels Root element Specifies a SPICE 
macro-models section. 
The details defined in 
this section can be 
used in the Pdn 
section. 

Required <Macromodels> 

… 

</Macromodels> 

Pdn Root element Specifies the PDN 
data. 

Required <Pdn> 

... 

</Pdn> 

Ib Root element Specifies the IB data. Required <Ib> 

... 

</Ib> 

 

E.2 File header keywords 

The keywords shown in Table E.2 are placed at the beginning of the file after the root element 
start-tag. 
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Table E.2 – Header section keywords 

Keyword Parent Description Presence Example 

Cim_ver Header element Specifies the version of 
file format (1.0). Should 
follow the header 
element. Informs 
parsers of the version of 
XML exchange format 
used and allows them to 
know what keywords to 
expect. 

Required <Cim_ver>1.0</Cim_ver> 

Filename Header element Specifies the file name. 
Normally follows the 
keyword: Cim_ver. 

Required <Filename> 

My_file.xml 

</Filename> 

File_ver Header element Tracks the revision level 
of a particular .xml file. 
Revision level is set at 
the discretion of the 
originator of the file. 

Required <File_ver>1.0</File_ver> 

Date Header element The value can contain 
blanks, be of any 
format, but should be 
limited to a maximum of 
20 characters. The 
month should be spelled 
out for clarity. The 
parser considers this 
information as a data 
string and does not 
interpret it. 

Optional <Date> 

January 1, 2013 

</Date> 

Author Header element The value can contain 
blanks and be of any 
format. The parser 
considers this 
information as a data 
string and does not 
interpret it. 

Optional <Author> 

Name 1 

Name2 

</Author> 

Dut Header element The value can contain 
blanks and be of any 
format. The parser 
considers this 
information as a data 
string and does not 
interpret it. 

Optional <Dut> 

32-bit microcontroller 

</Dut> 

Meas_method Header element The value can contain 
blanks and be of any 
format. The parser 
considers this 
information as a data 
string and does not 
interpret it. 

Optional <Meas_method> 

DPI method 

</Meas_method> 

Disclaimer Header element The value can contain 
blanks and be of any 
format. The parser 
considers this 
information as a data 
string and does not 
interpret it. 

Optional <Disclaimer> 

This file contains results of 
DPI. Other use is not 
guaranteed 

</Disclaimer> 

Copyright Header element The value can contain 
blanks and be of any 
format. The parser 
considers this 
information as a data 
string and does not 
interpret it. 

Optional <Copyright> 

Copyright 2013, XYZ Corp., 
All Rights Reserved 

</Copyright> 
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E.3 Validity section keywords 

The keywords shown in Table E.3 are placed in the root element start-tag. 

Table E.3 – Validity section keywords 

Keyword Parent Description Presence Example 

Power_supply Validity element Specifies the power 
supply conditions in 
which ICIM-CI macro-
model is extracted and 
defined. Should follow 
the validity element. 
Informs the user of the 
ICIM-CI validity criteria. 
A valid numerical value 
with units is allowed. 
See A.2.5.3 for more 
information. 

Required <Power_supply> 

9V 

</Power_supply> 

Frequency_range Validity element Specifies the valid 
frequency range in 
which ICIM-CI macro-
model is extracted and 
defined. Should follow 
the validity element. 
Informs the user of the 
ICIM-CI validity criteria. 
A valid numerical value 
with units is allowed. 
See A.2.5.3 for more 
information. 

Required <Frequency_range> 

[10kHz-100MHz] 

</Frequency_range> 

Temperature_range Validity element Specifies the valid 
temperature range in 
which ICIM-CI macro-
model is extracted and 
defined. Should follow 
the validity element. 
Informs the user of the 
ICIM-CI validity criteria. 
A valid numerical value 
with units is allowed. 
See A.2.5.3 for more 
information. 

Required <Temperature_range> 

25Celsius 

</Temperature_range> 

 

E.4 Global keywords 

The keywords shown in Table E.4 may be placed anywhere in the file, except within an XML 
element containing a value. 
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Table E.4 – Global keywords 

Keyword Parent Description Presence Example 

Notes Any element 
except those 
containing a 
value. 

Optionally adds 
information about the 
setup, data, etc. The 
value can contain 
blanks, and be of any 
format. A notes 
section can be 
inserted anywhere in 
the file and the 
number of notes 
sections in the file is 
not limited. The 
parser considers this 
information as a data 
string and it does not 
interpret it. 

Optional <Notes> 

Use this section for any 
special notes 

</Notes> 

Documentation Any element 
except those 
containing a 
value. 

Optionally adds the 
paths to files 
containing 
documentation on the 
project. 

Optional <Documentation> 

Project doc.pdf 

Model_descr.doc 

</Documentation> 

 

Unit Any element 
except those 
containing a 
value. 

Specifies the units of 
the respective 
quantity or element. 

Optional <Unit>mm</Unit> 

 

E.5 Lead keyword 

The keywords shown in Table E.5 may be placed in the Lead_definitions, Pdn and Ib sections 
as the parent element. 

Table E.5 – Lead element definition 

Keyword Parent Description Presence Example 

Lead Any element: 
Lead_definitions, 
Pdn and Ib 

Specifies the Lead 
element. The 
accepted attributes 
could vary from 
section to section. 

Required <Lead> 

… 

</Lead> 

 

E.6 Lead_definitions section attributes 

The Lead keyword in the Lead_definitions section has the following valid attributes (see Table 
E.6): 
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Table E.6 – Lead_definitions section keywords 

Keyword Parent Description Presence Example 

Id Lead element Specifies the identity 
or number of the Lead 
element. Only one 
value is allowed. 

Required <Lead Id="1"> 

… 

</Lead> 

Name Lead element Specifies the name of 
the lead element. Can 
be any valid string. 

Optional <Lead Id="1" Name="VCC"> 

… 

</Lead> 

Mode Lead element Specifies the mode in 
which a particular pin 
is used: DI, DO, OO, 
GND. Multiple modes 
are separated by a "," 
character. 

Optional <Lead Id="1" Name="VCC" 
Mode="DI"> 

… 

</Lead> 

Type Lead element Specifies the type in 
which a particular pin 
is used: internal, 
external. 

Optional <Lead Id="1" Name="VCC" 
Mode="DI" Type="external"> 

… 

</Lead> 

 

E.7 Macromodels section attributes 

The Subckt keyword in the Macromodels section has the following valid attributes (see Table 
E.7): 

Table E.7 – Macromodels section keywords 

Keyword Parent Description Presence Example 

Name Subckt element Specifies the name of 
the SPICE like macro-
model. 

Required <Subckt Name="MD1" …> 

… 

</Subckt> 

Nodes Subckt element Specifies the external 
nodes of the SPICE 
like macro-model 
through which the 
sub-circuit connects 
to the main circuit. 

Required <Subckt Name="MD1" 
Nodes="N1,N2,N3"> 

… 

</Subckt> 

Kind Subckt element Specifies the kind of 
netlist used for 
defining the SPICE 
like sub-circuit. See 
6.6 for more 
information. 

Optional < Subckt Name="MD1" 
Nodes="N1,N2,N3" 
Kind="SPICE3"> 

… 

</Subckt> 

Data_files Subckt element Specifies the path 
names of the files 
containing a sub-
circuit netlist. The 
path names are 
separated by a space 
character (" ") or a 
line termination. The 
file names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 

Optional < Subckt Kind="SPICE3"> 
… 
<Data_files> 

PDN_Pin1_macro.lib 
</Data_files> 
… 

</Subckt> 
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E.8 Pdn section keywords 

E.8.1 Lead element keywords 

The PDN data of each tested lead are defined within the Lead tag. The Lead keyword in the 
Pdn section has the following valid attributes (see Table E.8): 

Table E.8 – Lead element keywords in the Pdn section 

Keyword Parent Description Presence Example 

Id Lead element Specifies the identity 
or number of the Lead 
element. One or many 
Ids are allowed for 
differentiating 
between single, 
differential or multi-
ended pins. For 
differential or multi-
ended pins, Ids shall 
be separated by a "," 
character. 

Required <Lead Id="1"…> 

… 

</Lead> 

 

<Lead Id="1,2,3"…> 

… 

</Lead> 

Ground_id Lead element Specifies the identity 
or number of the 
return signal lead. 
Only one id is 
allowed. 

Required 
for 
Type="S" 
or "Z" or 
"Y" 

<Lead Id="1" 
Ground_id="7" …> 

… 

</Lead> 

 

<Lead Id="1,2,3" 
Ground_id="7" …> 

… 

</Lead> 

Blockname Lead element Specifies the name of 
the PDN block. 

Optional <Blockname> 

Block1_PDN 

</Blockname> 

Type Lead element Specifies the type of 
PDN data:  
"S" for S-parameters,  
"Z" for Z-parameters,  
"Y" for Y-parameters,  
"Ckt" for circuit 
definition.  
See 6.8.2.4. 

Optional <Lead Id="1" Type="Z"> 

… 

</Lead> 

Param_order Lead element Specifies the order in 
which the PDN 
parameters are 
defined. See 6.8.2.5 
for detailed 
information. 
Undefined if using 
Data_files in 
touchstone format and 
netlist based PDN 
description. 

Optional 

Undefined 
if 
Type="Ckt" 

<Lead Id="1" Type="Z" 
Param_order="Freq,Z11"> 

… 

</Lead> 

Format Lead element Specifies the PDN 
data format. See 
6.8.2.6. Undefined if 
using Data_files in 
touchstone format and 
netlist based PDN 
description. 

Optional <Lead Id="1" Type="Z" 
Param_order="Freq,Z11" 
Format="MA"> 

… 

</Lead> 
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Keyword Parent Description Presence Example 

Meas_type Lead element Specifies the method 
implemented for 
performing PDN 
measurements. See 
6.8.2.7 and 7.3.2. 
Undefined if using 
netlist for describing 
the PDN. 

Optional <Lead Id="1" Type="S" 
Param_order="Freq,S21" 
Format="MA" 
Meas_type="1"> 

… 

</Lead> 

Reference_impeda
nce 

Lead element Specifies the 
reference impedance 
used in performing 
PDN measurements. 
Undefined if using 
netlist for describing 
the PDN. 

Optional <Lead Id="1" Type="S" 
Param_order="Freq,S11" 
Format="MA" 
Reference_impedance="50oh
m"> 

… 

</Lead> 

Use Lead element Specifies one of the 
parameters defined in 
Param_order, except 
the frequency term, 
which is to be 
specifically used. See 
6.8.2.9. Undefined if 
using netlist for 
describing the PDN. 

Optional <Lead Id="1" Type="S" 
Param_order="Freq,S21" 
Format="MA" Meas_type="1" 
Use="S21"> 

… 

</Lead> 

Netlist Lead element Specifies the 
electrical connectivity 
of the PDN elements 
in circuit form using 
SPICE type data 
statements. 

Required if 
Type="Ckt" 

<Lead Id="1" Type="Ckt"> 

… 

<Netlist> 

…. 

</Netlist> 

… 

</Lead> 

Unit_freq Lead element Specifies the units of 
the frequencies used 
for specifying the 
PDN. The value shall 
conform to A.2.5.5. If 
this keyword is 
omitted, the units are 
assumed to be SI 
units. Undefined if 
using netlist for 
describing the PDN 
and Data_files in 
touchstone format. 

Optional <Lead Id="1" Type="S"> 

<Unit_freq> 

MHz 

</Unit_freq> 

… 

</Lead> 

Unit_param Lead element Specifies the units of 
the parameters used 
for specifying the 
PDN. The value shall 
conform to A.2.5.5. If 
this keyword is 
omitted, the units are 
assumed to be SI 
units. Undefined if 
using netlist for 
describing the PDN 
and Data_files in 
touchstone format. 

Optional 

Undefined 
if 
Type="Ckt" 

<Lead Id="1" Type="S"> 

<Unit_param> 

dB 

</Unit_param> 

… 

</Lead> 
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Keyword Parent Description Presence Example 

Power_level Lead element Specifies the power 
level used for 
obtaining the PDN 
data. The value shall 
conform to A.2.5.3 
and should carry both 
the value and units 
together. If no units 
are found, SI units are 
assumed. Undefined if 
using netlist for 
describing the PDN 
and Data_files. 

Required <Lead Id="1" Type="S"> 

<Power_level> 

-10dBm 

</Power_level> 

… 

</Lead> 

Data_files Lead element Specifies the path 
names of the files 
containing a list of 
PDN data. The path 
names are separated 
by a space character ( 
" ") or a line 
termination. The file 
names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword or one List 
keyword shall be 
included in the Pdn 
section. 

Required if 
not List 

<Lead Id="1" Type="S"> 

… 

<Data_files> 

Pdn_pin1_S11.txt 

</Data_files> 

… 

</Lead> 

List Lead element Specifies a list of PDN 
data entries in the 
model. 

Required if 
not 
Data_files 

<Lead Id="1" Type="S"> 

… 

<List> 

… 

</List> 

… 

</Lead> 

 

E.8.2 Netlist section keywords 

The keywords shown in Table E.9 may be placed in the Netlist section under the Pdn tag as 
the parent element. 
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Table E.9 – Netlist section keywords 

Keyword Parent Description Presence Example 

Kind Netlist element Specifies the kind of 
netlist used for 
defining the PDN. See 
6.8.3.4 for more 
information. 

Optional <Netlist Kind="SPICE3"> 

R1 1 10 1e3 

… 

</Netlist> 

Data_files Netlist element Specifies the path 
names of the files 
containing a netlist. 
The path names are 
separated by a space 
character (" ") or a 
line termination. The 
file names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword shall be 
used. 

Optional < Netlist Kind="SPICE3"> 
… 
<Data_files> 

PDN_Pin1.net 
</Data_files> 
… 

</Netlist> 

 

E.9 Ibc section keywords 

E.9.1 Lead element keywords 

The IBC data of each tested lead are defined within the Lead tag, similar to the PDN. The 
Lead keyword in the Ibc section has the following valid attributes (see Table E.10): 

Table E.10 – Lead element keywords in the Ibc section 

Keyword Parent Description Presence Example 

Id Lead element Specifies the identity 
or number of the Lead 
element. One or many 
Ids are allowed for 
differentiating 
between single, 
differential or multi-
ended pins. For 
differential or multi-
ended pins, Ids shall 
be separated by a "," 
character. 

Required <Lead Id="1 2"…> 

… 

</Lead> 

 

<Lead Id="1,2,3"…> 

… 

</Lead> 

Blockname Lead element Specifies the name of 
the IBC block. 

Optional <Blockname> 

Block1_IBC 

</Blockname> 

Type Lead element Specifies the type of 
IBC data: "S" for S-
parameters,  
"Z" for Z-parameters,  
"Y" for Y-parameters,  
"Ckt" for circuit 
definition.  
See 6.8.2.4. 

Optional <Lead Id="1 2" Type="Z"> 

… 

</Lead> 
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Keyword Parent Description Presence Example 

Param_order Lead element Specifies the order in 
which the IBC 
parameters are 
defined. See 6.8.2.5 
for detailed 
information. 
Undefined if using 
Data_files in 
touchstone format and 
netlist based IBC 
description. 

Optional 

Undefined if 
Type="Ckt" 

<Lead Id="1 2" Type="Z" 
Param_order="Freq,Z11"> 

… 

</Lead> 

Format Lead element Specifies the IBC data 
format. See 6.8.2.6. 
Undefined if using 
Data_files in 
touchstone format and 
netlist based IBC 
description. 

Optional <Lead Id="1 2" Type="Z" 
Param_order="Freq,Z11" 
Format="MA"> 

… 

</Lead> 

Meas_type Lead element Specifies the method 
implemented for 
performing IBC 
measurements. See 
6.8.2.7 and 7.3.2. 
Undefined if using 
netlist for describing 
the IBC. 

Optional <Lead Id="1 2" Type="S" 
Param_order="Freq,S21" 
Format="MA" 
Meas_type="1"> 

… 

</Lead> 

Reference_impeda
nce 

Lead element Specifies the 
reference impedance 
used in performing 
PDN measurements. 
Undefined if using 
netlist for describing 
the IBC. 

Optional <Lead Id="1 2" Type="S" 
Param_order="Freq,S11" 
Format="MA" 
Reference_impedance="50
ohm"> 

… 

</Lead> 

Use Lead element Specifies one of the 
parameters defined in 
Param_order, except 
the frequency term, 
that is to be 
specifically used. See 
6.8.2.9. Undefined if 
using netlist for 
describing the IBC. 

Optional <Lead Id="1 2" Type="S" 
Param_order="Freq,S21" 
Format="MA" 
Meas_type="1" Use="S21"> 

… 

</Lead> 

Netlist Lead element Specifies the 
electrical connectivity 
of the IBC elements in 
circuit form using 
SPICE type data 
statements. 

Required if 
Type="Ckt" 

<Lead Id="1 2" 
Type="Ckt"> 

… 

<Netlist> 

…. 

</Netlist> 

… 

</Lead> 

Unit_freq Lead element Specifies the units of 
the frequencies used 
for specifying the IBC. 
The value shall 
conform to A.2.5.5. If 
this keyword is 
omitted, the units are 
assumed to be SI 
units. Undefined if 
using netlist for 
describing the IBC 
and Data_files in 
touchstone format. 

Optional <Lead Id="1 2" Type="S"> 

<Unit_freq> 

MHz 

</Unit_freq> 

… 

</Lead> 
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Keyword Parent Description Presence Example 

Unit_param Lead element Specifies the units of 
the parameters used 
for specifying the IBC. 
The value shall 
conform to A.2.5.5. If 
this keyword is 
omitted, the units are 
assumed to be SI 
units. Undefined if 
using netlist for 
describing the IBC 
and Data_files in 
touchstone format. 

Optional 

Undefined if 
Type="Ckt" 

<Lead Id="1 2" Type="S"> 

<Unit_param> 

dB 

</Unit_param> 

… 

</Lead> 

Power_level Lead element Specifies the power 
level used for 
obtaining the IBC 
data. The value shall 
conform to A.2.5.5 
and should carry both 
the value and units 
together. If no units 
are found, SI units are 
assumed. Undefined if 
using netlist for 
describing the IBC 
and Data_files. 

Required <Lead Id="1 2" Type="S"> 

<Power_level> 

-10dBm 

</Power_level> 

… 

</Lead> 

Data_files Lead element Specifies the path 
names of the files 
containing a list of 
IBC data 
corresponding to the 
IBC section. The path 
names are separated 
by a space character ( 
" ") or a line 
termination. The file 
names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword shall be 
included in the Ibc 
section. 

Required if 
not List 

<Lead Id="1 2" Type="S"> 

… 

<Data_files> 

Pdn_pin1_S11.txt 

</Data_files> 

… 

</Lead> 

List Lead element Specifies a list of IBC 
data entries in the 
model. 

Required if 
not 
Data_files 

<Lead Id="1 2" Type="S"> 

… 

<List> 

… 

</List> 

… 

</Lead> 

 

E.9.2 Netlist section keywords 

The keywords defined in Table E.9 may be placed in the Netlist section under the Ibc tag as 
the parent element. 

E.10 Ib section keywords 

E.10.1 Lead element keywords 

The IB data of each tested lead defined within the Lead tag. The Lead keyword in the Ib 
section has the following valid attributes (see Table E.11): 
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Table E.11 – Lead element keywords in the Ib section 

Keyword Parent Description Presence Example 

Id Lead element Specifies the identity 
or number of the Lead 
element. One or many 
Ids are allowed for 
differentiating 
between single, 
differential or multi-
ended pins. For 
differential or multi-
ended pins, Ids shall 
be separated by a "," 
character. 

Required <Lead Id="1"…> 

… 

</Lead> 

 

<Lead Id="1,2,3"…> 

… 

</Lead> 

Ground_id Lead element Specifies the identity 
or number of the 
return signal lead. 
Only one id is 
allowed. 

Required <Lead Id="1" 
Ground_id="7" …> 

… 

</Lead> 

<Lead Id="1,2,3" 
Ground_id="7" …> 

… 

</Lead> 

Blockname Lead element Specifies the name of 
the IB block. 

Optional <Blockname> 

Block1 

</Blockname> 

Type Lead element Specifies the type of 
IB data: "DPI" for DPI 
based measurements. 

Required <Lead Id="1" Type="DPI"> 

… 

</Lead> 

Max_power_level Lead element Specifies the 
maximum injected 
power on to the lead 
id of interest. See 
E.10.2 for more 
details. 

Optional <Lead Id="1" Type="DPI" > 

<Max_power_level> 

… 

</Max_power_level> 

… 

</Lead> 

Voltage Lead element Specifies the IB data 
as a voltage quantity. 
See E.10.3. 

Required if 
not Current, 
Power 

<Lead Id="1" Type="DPI" > 

<Voltage…> 

… 

</Voltage> 

… 

</Lead> 

Current Lead element Specifies the IB data 
as a current quantity. 
See E.10.4. 

Required if 
not Voltage, 
Power 

<Lead Id="1" Type="DPI" > 

<Current…> 

… 

</Current> 

… 

</Lead> 
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Keyword Parent Description Presence Example 

Power Lead element Specifies the IB data 
as a transmission 
power quantity. See 
E.10.5. 

Required if 
not Voltage, 
Current 

<Lead Id="1" Type="DPI" > 

<Power…> 

… 

</Power> 

… 

</Lead> 

 

E.10.2 Max_power_level section keywords 

The keywords shown in Table E.12 may be placed in the Max_power_level section under the 
Lead tag as the parent element (within the Ib section). 

Table E.12 – Max_power_level section keywords 

Keyword Parent Description Presence Example 

Value Max_power_level 
element 

Specifies the power 
level used for 
obtaining the PDN 
data. The value shall 
conform to A.2.5.5 
and should carry both 
the value and units 
together. If no units 
are found, SI units are 
assumed. 

Required <Max_power_level> 

<Value>35dBm</Value> 

</Max_power_level> 

or 

<Max_power_level 
Value="35dBm"/> 

Start_freq Max_power_level 
element 

Specifies the start 
frequency of the band 
in which the maximum 
power level is defined. 
The value shall 
conform to A.2.5.5 
and should carry both 
the value and units 
together. If no units 
are found, SI units are 
assumed. 

Optional <Max_power_level 
Value="35dBm" 
Start_freq="1MHz" … /> 

Stop_freq Max_power_level 
element 

Specifies the stop 
frequency of the band 
in which the maximum 
power level is defined. 
The value shall 
conform to A.2.5.5 
and should carry both 
the value and units 
together. If no units 
are found, SI units are 
assumed. 

Optional <Max_power_level 
Value="35dBm" 
Start_freq="1MHz" 
Stop_freq="10MHz" … /> 

 

<Max_power_level 
Value="25dBm" 
Start_freq="11MHz" 
Stop_freq="100MHz" … /> 

 

E.10.3 Voltage section keywords 

The keywords shown in Table E.13 may be placed in the Voltage section under the Lead tag 
as the parent element (within the Ib section). 
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Table E.13 – Voltage section keywords 

Keyword Parent Description Presence Example 

Test_criteria Voltage element Specifies the test 
conditions for 
obtaining the IB data. 
See E.10.6. 

Required <Voltage> 

<Test_criteria …/> 

</Voltage> 

Param_order Voltage element Specifies the order in 
which the IB voltage 
quantity is defined. 
See 6.10.2.8 for 
detailed information. 

Optional <Voltage 
Param_order="Freq,voltage
"> 

… 

</Voltage> 

Format Voltage element Specifies the data 
format for the voltage 
parameter. See 
6.10.2.9. 

Optional <Voltage 
Param_order="Freq,voltage
" Format="MAG"> 

… 

</Voltage> 

Unit_freq Voltage element Specifies the units of 
the frequencies used 
for specifying the IB 
voltage quantity. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Voltage 
Param_order="Freq,voltage
" Format="MAG"> 

<Unit_freq> 

kHz 

</Unit_freq> 

… 

</Voltage> 

Unit_voltage Voltage element Specifies the voltage 
units of IB data. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Voltage 
Param_order="Freq,voltage
" Format="MAG"> 

<Unit_voltage> 

dB 

</Unit_voltage> 

… 

</Voltage> 

Data_files Voltage element Specifies the path 
names of the files 
containing a list of IB 
data as a voltage 
quantity. The path 
names are separated 
by a space character 
(" ") or a line 
termination. The file 
names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword shall be 
included in the 
Voltage section. 

Required if 
not List 

<Voltage 
Param_order="Freq,voltage
" Format="MA"> 

… 

<Data_files> 

Ib_voltage_pin1.dat 

</Data_files> 

… 

</Voltage> 
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Keyword Parent Description Presence Example 

List Voltage element Specifies a list of IB 
voltage data entries in 
the model. Only one 
List keyword shall be 
used. 

Required if 
not 
Data_files 

<Voltage 
Param_order="Freq,voltage
" Format="MA"> 

… 

<List> 

… 

</List> 

… 

</Voltage> 

 

E.10.4 Current section keywords 

The keywords shown in Table E.14 may be placed in the Current section under the Lead tag 
as the parent element (within the Ib section). 

Table E.14 – Current section keywords 

Keyword Parent Description Presence Example 

Test_criteria Current element Specifies the test 
conditions for 
obtaining the IB data. 
See E.10.6. 

Required <Current> 

<Test_criteria …/> 

</Current> 

Param_order Current element Specifies the order in 
which the IB current 
quantity is defined. 
See 6.10.2.8 for 
detailed information. 

Optional <Current 
Param_order="Freq,voltage
"> 

… 

</Current> 

Format Current element Specifies the data 
format for the current 
parameter. See 
6.10.2.9. 

Optional <Current 
Param_order="Freq,Current
" Format="MAG"> 

… 

</Current> 

Unit_freq Current element Specifies the units of 
the frequencies used 
for specifying the IB 
Current quantity. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Current 
Param_order="Freq,Current
" Format="MAG"> 

<Unit_freq> 

kHz 

</Unit_freq> 

… 

</Current> 

Unit_current Current element Specifies the current 
units of IB data. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Current 
Param_order="Freq,Current
" Format="MAG"> 

<Unit_current> 

dB 

</Unit_current> 

… 

</Current> 
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Keyword Parent Description Presence Example 

Data_files Current element Specifies the path 
names of the files 
containing a list of IB 
data as a current 
quantity. The path 
names are separated 
by a space character 
(" ") or a line 
termination. The file 
names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword shall be 
included in the 
Current section. 

Required if 
not List 

<Current 
Param_order="Freq,Current
" Format="MA"> 

… 

<Data_files> 

Ib_current_pin1.dat 

</Data_files> 

… 

</Current> 

List Current element Specifies a list of IB 
current data entries in 
the model. Only one 
List keyword shall be 
used. 

Required if 
not 
Data_files 

<Current 
Param_order="Freq,Current
" Format="MA"> 

… 

<List> 

… 

</List> 

… 

</Current> 

 

E.10.5 Power section keywords 

The keywords shown in Table E.15 may be placed in the Power section under the Lead tag as 
the parent element (within the Ib section). 

Table E.15 – Power section keywords 

Keyword Parent Description Presence Example 

Test_criteria Power element Specifies the test 
conditions for 
obtaining the IB data. 
See E.10.6. 

Required <Power> 

<Test_criteria …/> 

</Power> 

Param_order Power element Specifies the order in 
which the IB power 
quantity is defined. 
See 6.10.2.8 for 
detailed information. 

Optional <Power 
Param_order="Freq,voltage
"> 

… 

</Power> 

Format Power element Specifies the data 
format for the power 
parameter. See 
6.10.2.9. 

Optional <Power 
Param_order="Freq,Power" 
Format="MAG"> 

… 

</Power> 

Unit_freq Power element Specifies the units of 
the frequencies used 
for specifying the IB 
Power quantity. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Power 
Param_order="Freq,Power" 
Format="MAG"> 

<Unit_freq> 

kHz 

</Unit_freq> 

… 

</Power> 
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Keyword Parent Description Presence Example 

Unit_power Power element Specifies the power 
units of IB data. The 
value shall conform to 
A.2.5.5. If this 
keyword is omitted, 
the units are assumed 
to be SI units. 

Optional <Power 
Param_order="Freq,Power" 
Format="MAG"> 

<Unit_power> 

dB 

</Unit_power> 

… 

</Power> 

Data_files Power element Specifies the path 
names of the files 
containing a list of IB 
data as a power 
quantity. The path 
names are separated 
by a space character 
(" ") or a line 
termination. The file 
names and paths 
shall conform to 
A.2.4.2 and A.2.4.3. 
Only one Data_files 
keyword shall be 
included in the Power 
section. 

Required if 
not List 

<Power 
Param_order="Freq,Power" 
Format="MA"> 

… 

<Data_files> 

Ib_power_pin1.dat 

</Data_files> 

… 

</Power> 

List Power element Specifies a list of IB 
power data entries in 
the model. Only one 
List keyword shall be 
used. 

Required if 
not 
Data_files 

<Power 
Param_order="Freq,Power" 
Format="MA"> 

… 

<List> 

… 

</List> 

… 

</Power> 

 

E.10.6 Test_criteria section keywords 

The keywords shown in Table E.16 may be placed in the Voltage, Current and Power sections 
under the Lead tag as the parent element (within the Ib section). 
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Table E.16 – Test_criteria section keywords 

Keyword Parent Description Presence Example 

Id Test_criteria 
element 

Specifies the identity 
or number of the 
monitored Lead 
element (OO). Only 
one Id is allowed per 
definition. 

Required <Test_criteria Id="10"/> 

Ground_id Test_criteria 
element 

Specifies the identity 
or number of the 
return signal lead 
used for referencing 
the OO. Only one Id is 
allowed per definition. 
If absent, the top-level 
Ground_id in IB 
section is used. 

Optional < Test_criteria Id="10" 
Ground_id="7"/> 

Type Test_criteria 
element 

Specifies the type of 
test conducted: either 
pass/fail or non 
pass/fail. See 6.10.2.7 
for more information 

Required <Test_criteria Id="10" 
Type="PF"/> 

Level Test_criteria 
element 

Specifies the 
tolerance level set on 
the monitored lead 
during the tests. The 
value shall conform to 
A.2.5.5 and should 
carry both the value 
and units together. If 
no units are found, SI 
units are used. See 
6.10.2.7 for more 
information. For more 
than one levels, the 
values shall be 
separated by a 
comma ",". 

Optional <Test_criteria Id="10" 
Type="PF" 
Level="100mV"/> 

or 

<Test_criteria Id="10" 
Type="PF" Level="+100mV, 
-100mV "/> 

Parameter Test_criteria 
element 

Specifies the 
parameter on which 
the test condition is 
set. See 6.10.2.7 for 
more information. 

Optional <Test_criteria Id="10" 
Type="PF" Level="100mV" 
Parameter="Amplitude"/> 
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Annex F 
(informative) 

 
PDN impedance measurement methods  

using vector network analyzer 

F.1 General 

When using VNA for S-parameter measurements (and Z- or Y-parameters), certain procedures 
need to be followed rigorously for obtaining precise results as per CISPR 17. These methods 
are described briefly below with the use of a two-port VNA. Nevertheless, these methods can 
be extended to four-port VNA. 

F.2 Conventional one-port method 

The simplest equivalent circuit model for one-port of a VNA connected to the pin under test 
(DUT) is shown in Figure F.1. 

 

Figure F.1 – Conventional one-port S-parameter measurement 

Depending on the exciting port (Port 1 or Port 2), S11 or S22 represents the impedance of the 
pin (Zin1 or Zin2 respectively). For example, Zin1 can be obtained from S11 using 

11

11
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SZZ
−
+

=
1
1

, 

where Z0 is the characteristic impedance of Port 1, which is 50 Ω in most cases. 

F.3 Two-port method for low impedance measurement 

In order to measure low impedance accurately (Zin << Z0), the pin under test shall be placed 
parallel to the two-VNA ports as shown in Figure F.2. This configuration is called shunt 
connection. 

S11 method S22 method 

or 
Z in1 

Port 1 Port 2 

Z in2 
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Figure F.2 – Two-port method for low impedance measurement 

In this two-port method, S11 and S22 see the impedance of the pin under test, with a Z0 
impedance shunting across it, from the other port. The information contained in the return loss 
measurements is clouded by the low impedance of the pin and the additional Z0 shunt from 
the other port. However, S21 or S12 has much more valuable information about the impedance 
of the pin under test. 

For example, Zin can be obtained from S21 using 

( )21
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12

 

F.4 Two-port method for high impedance measurement 

In order to measure high impedance (Zin >> Z0) accurately, the pin under test shall be placed 
in series to the two-VNA ports as shown in Figure F.3. This is also called series connection. 

 

Figure F.3 – Two-port method for high impedance measurement 

In this two-port method, S11 and S22 see the impedance of the DUT, with a Z0 impedance in 
series, from the other port. However, S21 or S12 has much more valuable information about the 
impedance of the pin under test. 

( )
21

21
0in S

SZZ −
=

12

 

S21 series method S12 series method 

Port 1 Port 2 Port 1 Port 2 
Z in Z in 

Port 2 
drives the 
current  

Port 1 
measures 
the voltage   

Port 2 
measures 
the voltage   

Port 1 
drives the 
current  

IEC 

S21 parallel method S12 parallel method 

Port 1 Port 2 Port 1 Port 2 

Port 2 
drives the 
current  

Port 1 
measures 
the voltage   

Z in Z in 
Port 2 
measures 
the voltage   

Port 1 
drives the 
current  

IEC 

BS EN 62433-4:2016



IEC 62433-4:2016 © IEC 2016 – 99 –  

Annex G 
(informative) 

 
RFIP measurement method description 

G.1 General 

The RFIP (RF injection probe) method is derived from the DPI test method. The probe applies 
the disturbance using an RF generator and measures the voltage across the DUT (V1 and 
VDUT). The IDUT, PDUT and ZDUT parameters are then computed. An oscilloscope is used to 
measure V1 and VDUT in the time domain. The setup is shown in Figure G.1. All the 
computation is performed in frequency domain thanks to a processing performed with a 
software tool. 

 

Figure G.1 – Test setup of the RFIP measurement method derived from DPI method 

G.2 Obtaining immunity parameters 

Obtaining the immunity parameters is very straightforward using the RFIP technique. This 
method is based on the current and voltage measurements as shown in Figure G.2. 

 

Figure G.2 – Principle of the RFIP measurement method 

The RFIP probe is defined by the Z-matrix characterized by two-port measurements. All the 
key electrical parameters, namely IDUT, PDUT and ZDUT can be computed based on the 
measurement of the voltages VDUT and V1. 

The general equation of Zin is: 
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First of all, Eg, the amplitude of the noise generator, has to be determined by leaving Z 
unloaded (ZDUT = ∞): 

11in ZZ =  

Eg is then obtained using: 
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ZDUT is then computed using: 
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Then IDUT is computed: 

DUT

DUT
DUT Z

VI =
 

And finally the active power is obtained: 
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Annex H 
(informative) 

 
Immunity simulation with ICIM model based on pass/fail test 

H.1 ICIM-CI macro-model of a voltage regulator IC 

H.1.1 General 

An application example is illustrated using a voltage regulator IC, with SOIC-8 package. The 
ICIM-CI macro-model is extracted with the topology shown in Figure H.1; the IC is put in its 
nominal (stable) operating conditions. In this application, Vout is designated as a potential DO 
pin and is also monitored (OO) while RF injection is done on the VCC pin (DI). 

 

Figure H.1 – Electrical schematic for extracting  
the voltage regulator’s ICIM-CI 

To allow the IC to be biased under RF disturbance, a bias-tee network is used. This is 
accomplished using a (1 nF and 470 nF in parallel) capacitor network (C) on the RF input and 
inductor(s) on the DC line. In this application, the following coils (L) were used in series: 
47 µH and a ferrite bead of 1 kΩ impedance at 100 MHz. 

H.1.2 PDN extraction 

The PDN is represented as two-port S-parameter data between VCC (DI), Vout (DO) and 
Ground (GND) terminals. Measurements are made with a VNA at -10 dBm (see Figure H.2a). 

H.1.3 IB extraction 

The IB is extracted using DPI measurements in the band from 1 MHz to 1 GHz. The maximum 
injected power on the VCC pin is set to of 40 dBm with a disturbance dwell time of 500 ms. 
Conventional pass/fail test is carried out on the OO lead (Vout) with the following test 
conditions: ±200 mV tolerance on amplitude, for a nominal voltage of 4,78 V. The incident 
power causing the malfunction is measured and the transmitted power (PT) representing the 
IB is obtained as discussed in 7.4.2 (see Figure H.2b). 
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a) S-Parameter representing the PDN b) Transmitted power on Vcc pin  
that creates a defect on Vout 

Figure H.2 – ICIM-CI extraction on the voltage regulator example 

H.1.4 SPICE-compatible macro-model 

The obtained PDN and IB data are exported in CIML format. A SPICE-compatible ICIM-CI 
macro-model, shown in Figure H.3 is generated. 

 

Figure H.3 – Example of a SPICE-compatible ICIM-CI  
macro-model of the voltage regulator 

H.2 Application level simulation and failure prediction 

The generated ICIM-CI macro-model is simulated in a SPICE simulator for its immunity 
performance at application level, in another configuration: a 10 nF capacitor, in 0603 package, 
is added as a filter between the VCC supply pin and the ground. The simulated schematic is 
shown in Figure H.4. 

For validation purposes, DPI measurement is performed on the application (with filter 
capacitor), i.e. the setup is same as that in Figure H.1, except that an additional 10 nF 
capacitor in a 0603 package is added between the VCC pin and ground, close to the IC. 
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Figure H.4 – Example of a board level simulation on the voltage regulator’s  
ICIM-CI with PCB model and other components including parasitic elements 

The estimated (simulation) incident power for causing the defect in the OO lead is compared 
with the measured values in Figure H.5. In the band from 3 MHz to 100 MHz, the black curve 
is limited to the maximum injected power (40 dBm). This is coherent with simulations (dotted 
red curve); the simulated injected power causing the defect in this frequency band is higher 
than 40 dBm. At all other frequencies, the difference is lower than 6 dB, which is an 
acceptable tolerance. 

 

Figure H.5 – Incident power as a function of frequency  
that is required to create a defect with a 10 nF filter 

The fact that the any change in the DI or DO network (PDN) may modify the transmitted 
power into the device is evident in this application. 
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Annex I 
(informative) 

 
Immunity simulation with ICIM model based on non pass/fail test 

Annex I deals with estimating failure using ICIM-CI macro-model when the IB component is 
extracted using a non pass/fail test on the OOs. 

The IB file extracted using the RFIP probe or the DPI test method is shown in Figure I.1. It 
gives the immunity criterion expressed in transmitted power, i.e. it represents the behavioural 
aspect of the OO as a function of transmitted power without specified limits. In such cases, 
the IB data is represented by the maximum power acceptable by the DUT before a change on 
the OO occurs in the specified frequency range. 

The column on the right thus gives the maximum transmitted power before the variation 
occurs. For example at 1,25 MHz the maximum transmitted power is –27 dBm for guaranteed 
functioning (no change on the OO is observed). 

 

Figure I.1 – Example of an IB file for a given failure criterion 

There is an IB file for each immunity criterion. To determine if a failure occurs, the simulation 
of the transmitted power applied to the DI terminal is compared to the curve supplied by the 
IB block. The failure detection has to be done by monitoring the simulated transmitted power 
and the immunity criteria supplied by the IB block. The simulation result is an analogue data 
and not a binary data. It gives more details about the behaviour before and after the 
malfunction. 

Figure I.2 plots an example where the simulated transmitted power is compared to measured 
OO’s immunity behaviour. The blue (continuous) curve shows the transmitted power before a 
variation on the OO is observed. The red (dashed) curve shows the transmitted power 
obtained by simulation on the DI terminal of the PDN. When the simulated transmitted power 
is higher than the measured transmitted power for the same susceptibility criterion, the DUT 
fails. In this example the DUT fails between 2,6 MHz and 3,2 MHz. For example, at 1,25 MHz, 
the simulation result is –42 dBm and therefore the user can conclude by comparing these 
values that the test result is "Pass" (–42 dBm < –27 dBm). At 2,75 MHz, the measured 
transmitted power is –35,5 dBm and the simulation is –25 dBm. The test "fails" because the 
simulation result is higher (–25 dBm > –35,5 dBm). 
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#    Hz     PTr(dBm)  
1250000 -27
1500000 -26
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Figure I.2 – Comparison of simulated transmitted power  
and measured immunity behaviour 

IEC 

BS EN 62433-4:2016



 – 106 – IEC 62433-4:2016 © IEC 2016 

Bibliography 

[1] Paoli, J, Maler, E, Yergeau, F, Sperberg- McQueen, C, and T. Bray, Extensible Markup 
Language (XML) 1.0 (Fourth Edition), World Wide Web Consortium Recommendation 
REC-xml- 20060816, August 2006 

[2] Quarles, T, Newton, A.R, Pederson,D.O, Sangiovanni-Vincentelli, A, SPICE3 Version 
3f3 User’s Manual, Department of Electrical Engineering and Computer Sciences, 
University of California, Berkeley, May 1993 

[3] POZAR, David M, Microwave engineering, 4th ed, ISBN 978-0-470-63155-3, Wiley, 
2011 

 

___________ 

BS EN 62433-4:2016



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Copyright in BSI publications
All the content in BSI publications, including British Standards, is the property 
of and copyrighted by BSI or some person or entity that owns copyright in the 
information used (such as the international standardization bodies) and has 
formally licensed such information to BSI for commercial publication and use.

Save for the provisions below, you may not transfer, share or disseminate any 
portion of the standard to any other person. You may not adapt, distribute, 
commercially exploit, or publicly display the standard or any portion thereof in any 
manner whatsoever without BSI’s prior written consent.

Storing and using standards
Standards purchased in soft copy format:

•  A British Standard purchased in soft copy format is licensed to a sole named 
user for personal or internal company use only.

•  The standard may be stored on more than 1 device provided that it is accessible 
by the sole named user only and that only 1 copy is accessed at any one time.

•  A single paper copy may be printed for personal or internal company use only.

Standards purchased in hard copy format:

•  A British Standard purchased in hard copy format is for personal or internal 
company use only.

•  It may not be further reproduced – in any format – to create an additional copy. 
This includes scanning of the document.

If you need more than 1 copy of the document, or if you wish to share the 
document on an internal network, you can save money by choosing a subscription 
product (see ‘Subscriptions’).

Reproducing extracts
For permission to reproduce content from BSI publications contact the BSI 
Copyright & Licensing team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email subscriptions@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Useful Contacts
Customer Services
Tel: +44 345 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 345 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

BSI Back Cover.indd   1 27/01/2016   14:20


	30310477-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions, abbreviations and conventions
	3.1 Terms and definitions
	3.2 Abbreviations
	3.3 Conventions

	4 Philosophy
	5 ICIM-CI model description
	5.1 General
	5.2 PDN description
	5.3 IBC description
	5.4 IB description

	6 CIML format
	6.1 General
	6.2 CIML structure
	6.3 Global keywords
	6.4 Header section
	6.5 Lead definitions
	6.6 SPICE macro-models
	6.7 Validity section
	6.7.1 General
	6.7.2 Attribute definitions

	6.8 PDN
	6.8.1 General
	6.8.2 Attribute definitions
	6.8.3 PDN for a single-ended input or output
	6.8.4 PDN for a differential input
	6.8.5 PDN multi-port description

	6.9 IBC
	6.9.1 General
	6.9.2 Attribute definitions

	6.10 IB
	6.10.1 General
	6.10.2 Attribute definitions
	6.10.3 Description


	7 Extraction
	7.1 General
	7.2 Environmental extraction constraints
	7.3 PDN extraction
	7.3.1 General
	7.3.2 S-/Z-/Y-parameter measurement
	7.3.3 RFIP technique

	7.4 IB extraction
	7.4.1 General
	7.4.2 Direct RF power injection test method
	7.4.3 RF Injection probe test method

	7.5 IBC

	8 Validation of ICIM-CI hypotheses
	8.1 General
	8.2 Linearity
	8.3 Immunity criteria versus transmitted power

	9 Model usage
	Annexes 
	Annex A (normative) Preliminary definitions for XML representation
	A.1 XML basics
	A.1.1 XML declaration
	A.1.2 Basic elements
	A.1.3 Root element
	A.1.4 Comments
	A.1.5 Line terminations
	A.1.6 Element hierarchy
	A.1.7 Element attributes

	A.2 Keyword requirements
	A.2.1 General
	A.2.2 Keyword characters
	A.2.3 Keyword syntax
	A.2.4 File structure
	A.2.5 Values


	Annex B (informative) ICIM-CI example with disturbance load
	Annex C (informative) Conversions between parameter types
	C.1 General
	C.2 Single-ended input or output
	C.3 Differential input or output

	Annex D (informative) Example of ICIM-CI macro-model in CIML format
	Annex E (normative) CIML Valid keywords and usage
	E.1 Root element keywords
	E.2 File header keywords
	E.3 Validity section keywords
	E.4 Global keywords
	E.5 Lead keyword
	E.6 Lead_definitions section attributes
	E.7 Macromodels section attributes
	E.8 Pdn section keywords
	E.8.1 Lead element keywords
	E.8.2 Netlist section keywords

	E.9 Ibc section keywords
	E.9.1 Lead element keywords
	E.9.2 Netlist section keywords

	E.10 Ib section keywords
	E.10.1 Lead element keywords
	E.10.2 Max_power_level section keywords
	E.10.3 Voltage section keywords
	E.10.4 Current section keywords
	E.10.5 Power section keywords
	E.10.6 Test_criteria section keywords


	Annex F (informative) PDN impedance measurement methods using vector network analyzer
	F.1 General
	F.2 Conventional one-port method
	F.3 Two-port method for low impedance measurement
	F.4 Two-port method for high impedance measurement

	Annex G (informative) RFIP measurement method description
	G.1 General
	G.2 Obtaining immunity parameters

	Annex H (informative) Immunity simulation with ICIM model based on pass/fail test
	H.1 ICIM-CI macro-model of a voltage regulator IC
	H.1.1 General
	H.1.2 PDN extraction
	H.1.3 IB extraction
	H.1.4 SPICE-compatible macro-model

	H.2 Application level simulation and failure prediction

	Annex I (informative) Immunity simulation with ICIM model based on non pass/fail test

	Bibliography
	Figures 
	Figure 1 – Example of ICIM-CI model structure
	Figure 2 – Example of an ICIM-CI model of an electronic board
	Figure 3 – Example of an IBC network
	Figure 4 – ICIM-CI model representation with different blocks
	Figure 5 – CIML inheritance hierarchy
	Figure 6 – Example of a netlist file defining a sub-circuit
	Figure 7 – PDN electrical schematics
	Figure 8 – PDN represented as a one-port black-box
	Figure 9 – PDN represented as S-parameters in Touchstone format
	Figure 10 – PDN represented as two-port S-parameters in Touchstone format
	Figure 11 – Example structure for defining the PDN using circuit elements
	Figure 12 – Example of a single-ended PDN Netlist main circuit definition
	Figure 13 – Example of a single-ended PDN Netlist with both sub-circuit  and main circuit definitions
	Figure 14 – Differential input schematic
	Figure 15 – PDN represented as a two-port black-box
	Figure 16 – PDN data format for differential input or output
	Figure 17 – Differential inputs of an operational amplifier example
	Figure 18 – ICIM-CI Model for a 74HC08 component
	Figure 19 – Example IB file obtained from DPI measurement
	Figure 20 – Test setup of the DPI immunity measurement method as specified in IEC 62132-4
	Figure 21 – Principle of single and multi-pin DPI
	Figure 22 – Electrical representation of the DPI test setup
	Figure 23 – Test setup of the RFIP measurement method derived from the DPI method
	Figure 24 – Example setup used for illustrating ICIM-CI hypotheses
	Figure 25 – Example of linearity assumption validation
	Figure 26 – Example of transmitted power criterion validation
	Figure 27 – Use of the ICIM-CI macro-model for simulation
	Figure A.1 – Multiple XML (CIML) files
	Figure A.2 – XML files with data files (*.dat)
	Figure A.3 – XML files with additional files
	Figure B.1 – ICIM-CI description applied to an oscillator stage for extracting IB
	Figure C.1 – Single-ended DI
	Figure C.2 – Differential DI
	Figure C.3 – Two-port representation of a differential DI
	Figure C.4 – Simulation of common-mode injection on a differential DI based on DPI
	Figure C.5 – Equivalent common-mode input impedance of a differential DI
	Figure C.6 – Determination of transmitted power for a differential DI
	Figure D.1 – Test setup on an example LIN transceiver
	Figure D.2 – PDN data in touchstone format (s2p), data measured using VNA
	Figure D.3 – PDN data of leads 6 (LIN) and 7 (VCC)
	Figure D.4 – IB data in ASCII format (.txt), data measured using DPI method – Injection on VCC pin
	Figure D.5 – IB data for injection on VCC pin
	Figure F.1 – Conventional one-port S-parameter measurement
	Figure F.2 – Two-port method for low impedance measurement
	Figure F.3 – Two-port method for high impedance measurement
	Figure G.1 – Test setup of the RFIP measurement method derived from DPI method
	Figure G.2 – Principle of the RFIP measurement method
	Figure H.1 – Electrical schematic for extracting the voltage regulator’s ICIM-CI
	Figure H.2 – ICIM-CI extraction on the voltage regulator example
	Figure H.3 – Example of a SPICE-compatible ICIM-CI macro-model of the voltage regulator
	Figure H.4 – Example of a board level simulation on the voltage regulator’s ICIM-CI with PCB model and other components including parasitic elements
	Figure H.5 – Incident power as a function of frequency that is required to create a defect with a 10 nF filter
	Figure I.1 – Example of an IB file for a given failure criterion
	Figure I.2 – Comparison of simulated transmitted power and measured immunity behaviour

	Tables 
	Table 1 – Attributes of Lead keyword in the Lead_definitions section
	Table 2 – Compatibility between the Mode and Type fields for correct CIML annotation
	Table 3 – Subckt definition
	Table 4 – Definition of the Validity section
	Table 5 – Definition of the Lead keyword for Pdn section
	Table 6 – Valid data formats and their default units in the Pdn section
	Table 7 – Valid file extensions in the Pdn section
	Table 8 – Valid fields of the Lead keyword for single-ended PDN
	Table 9 – Netlist definition
	Table 10 – Valid fields of the Lead keyword for differential PDN
	Table 11 – Differences between the Pdn and Ibc section fields
	Table 12 – Valid fields of the Lead keyword for IBC definition
	Table 13 – Definition of the Lead keyword in Ib section
	Table 14 – Max_power_level definition
	Table 15 – Voltage, Current and Power definition
	Table 16 – Test_criteria definition
	Table 17 – Default values of Unit_voltage, Unit_current and Unit_power tags as a function of data format
	Table 18 – Valid file extensions in the Ib section
	Table 19 – Example of IB table pass/fail criteria
	Table A.1 – Valid logarithmic units
	Table C.1 – Single-ended parameter conversion
	Table C.2 – Differential parameter conversion
	Table C.3 – Power calculation
	Table E.1 – Root element keywords
	Table E.2 – Header section keywords
	Table E.3 – Validity section keywords
	Table E.4 – Global keywords
	Table E.5 – Lead element definition
	Table E.6 – Lead_definitions section keywords
	Table E.7 – Macromodels section keywords
	Table E.8 – Lead element keywords in the Pdn section
	Table E.9 – Netlist section keywords
	Table E.10 – Lead element keywords in the Ibc section
	Table E.11 – Lead element keywords in the Ib section
	Table E.12 – Max_power_level section keywords
	Table E.13 – Voltage section keywords
	Table E.14 – Current section keywords
	Table E.15 – Power section keywords
	Table E.16 – Test_criteria section keywords


	Français 
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d’application
	2 Références normatives
	3 Termes, définitions, abréviations et conventions
	3.1 Termes et définitions
	3.2 Abréviations
	3.3 Conventions

	4 Philosophie
	5 Description du modèle ICIM-CI
	5.1 Généralités
	5.2 Description du PDN
	5.3 Description du couplage interblocs (IBC)
	5.4 Description de l'IB

	6 Format CIML
	6.1 Généralités
	6.2 Structure CIML
	6.3 Mots clés globaux
	6.4 Section Header
	6.5 Lead definitions (définitions des connexions)
	6.6 Macromodèles SPICE
	6.7 Section Validity
	6.7.1 Généralités
	6.7.2 Définitions d'attributs

	6.8 PDN
	6.8.1 Généralités
	6.8.2 Définitions d'attributs
	6.8.3 PDN pour entrée ou sortie asymétrique
	6.8.4 PDN d'une entrée différentielle
	6.8.5 Description du PDN multiaccès

	6.9 IBC
	6.9.1 Généralités
	6.9.2 Définitions d'attributs

	6.10 IB
	6.10.1 Généralités
	6.10.2 Définitions d'attributs
	6.10.3 Description


	7 Extraction
	7.1 Généralités
	7.2 Contraintes environnementales d'extraction
	7.3 Extraction PDN
	7.3.1 Généralités
	7.3.2 Mesurage de paramètres S/Z/Y
	7.3.3 Technique RFIP

	7.4 Extraction IB
	7.4.1 Généralités
	7.4.2 Méthode d'essai d'injection directe de puissance RF
	7.4.3 Méthode d'essai de sonde d'injection RF

	7.5 IBC

	8 Validation des hypothèses ICIM-CI
	8.1 Généralités
	8.2 Linéarité
	8.3 Critère d'immunité par rapport à la puissance transmise

	9 Utilisation du modèle
	Annexes 
	Annexe A (normative) Définitions préliminaires pour la représentation XML
	A.1 Éléments de base XML
	A.1.1 Déclaration XML
	A.1.2 Éléments de base
	A.1.3 Élément racine
	A.1.4 Commentaires
	A.1.5 Terminaisons de ligne
	A.1.6 Hiérarchie des éléments
	A.1.7 Attributs d'élément

	A.2 Exigences relatives au mot clé
	A.2.1 Généralités
	A.2.2 Caractères de mot clé
	A.2.3 Syntaxe de mot clé
	A.2.4 Structure de fichier
	A.2.5 Valeurs


	Annexe B (informative) Exemple d'ICIM-CI avec intensité de perturbation
	Annexe C (informative) Conversions entre les types de paramètres
	C.1 Généralités
	C.2 Entrée ou sortie asymétrique
	C.3 Entrée ou sortie différentielle

	Annexe D (informative) Exemple de macromodèle ICIM-CI au format CIML
	Annexe E (normative)M ots clés CIML valides et utilisation
	E.1 Mots clés d'élément racine
	E.2 Mots clés d'en-tête de fichier
	E.3 Mots clés de la section Validity
	E.4 Mots clés globaux
	E.5 Mot clé Lead
	E.6 Attributs de la section Lead_definitions
	E.7 Attributs de la section Macromodels
	E.8 Mots clés de la section Pdn
	E.8.1 Mots clés de l'élément Lead
	E.8.2 Mots clés de la section Netlist

	E.9 Mots clés de la section Ibc
	E.9.1 Mots clés de l'élément Lead
	E.9.2 Mots clés de la section Netlist

	E.10 Mots clés de la section Ib
	E.10.1 Mots clés de l'élément Lead
	E.10.2 Mots clés de la section Max_power_level
	E.10.3 Mots clés de la section Voltage
	E.10.4 Mots clés de la section Current
	E.10.5 Mots clés de la section Power
	E.10.6 Mot clé de la section Test_criteria


	Annexe F (informative) Méthodes de mesure de l'impédance PDN à l'aide d'un analyseur de réseau vectoriel
	F.1 Généralités
	F.2 Méthode conventionnelle à un accès
	F.3 Méthode à deux accès pour le mesurage de faible impédance
	F.4 Méthode à deux accès pour le mesurage d'impédance élevée

	Annexe G (informative) Description de la méthode de mesure RFIP
	G.1 Généralités
	G.2 Obtention des paramètres d'immunité

	Annexe H (informative) Simulation d'immunité avec le modèle ICIM reposant sur l'essai de réussite/échec
	H.1 Macromodèle ICIM-CI d'un CI de régulateur de tension
	H.1.1 Généralités
	H.1.2 Extraction PDN
	H.1.3 Extraction IB
	H.1.4 Macromodèle compatible avec SPICE

	H.2 Simulation et prévision de défaillance du niveau de l'application

	Annexe I (informative) Simulation d'immunité avec le modèle ICIM reposant sur l'essai de non-réussite/échec

	Bibliographie
	Figures 
	Figure 1 – Exemple de structure de modèle ICIM-CI
	Figure 2 – Exemple d'un modèle ICIM-CI d'une carte électronique
	Figure 3 – Exemple de réseau IBC
	Figure 4 – Représentation du modèle ICIM-CI avec différents blocs
	Figure 5 – Hiérarchie d'héritage CIML
	Figure 6 – Exemple de fichier netlist définissant un sous-circuit
	Figure 7 – Schémas électriques du PDN
	Figure 8 – PDN représenté sous la forme d'une boîte noire à un accès
	Figure 9 – PDN représenté sous la forme de paramètres S au format Touchstone
	Figure 10 – PDN représenté sous la forme de paramètres S à deux accès au format Touchstone
	Figure 11 – Exemple de structure pour la définition du PDN à l'aide des éléments de circuit
	Figure 12 – Exemple de définition de circuit principal PDN Netlist asymétrique
	Figure 13 – Exemple de PDN Netlist asymétrique avec définitions de sous-circuit et de circuit principal
	Figure 14 – Schéma d'entrée différentielle
	Figure 15 – PDN représenté sous la forme d'une boîte noire à deux accès
	Figure 16 – Format de données PDN pour une entrée ou sortie différentielle
	Figure 17 – Exemple d'entrées différentielles d'un amplificateur opérationnel
	Figure 18 – Modèle ICIM-CI d'un composant 74HC08
	Figure 19 – Exemple de fichier IB obtenu par suite d’un mesurage DPI
	Figure 20 – Montage d'essai de la méthode de mesure d'immunité DPI tel que spécifié dans l'IEC 62132-4
	Figure 21 – Principe d'injection directe de puissance (DPI) à une seule broche et à broches multiples
	Figure 22 – Représentation électrique du montage d'essai DPI
	Figure 23 – Montage d'essai de la méthode de mesure RFIP déduite de la méthode DPI
	Figure 24 – Exemple de montage utilisé pour représenter les hypothèses ICIM-CI
	Figure 25 – Exemple de validation de l'hypothèse de linéarité
	Figure 26 – Exemple de validation de critère de puissance transmise
	Figure 27 – Utilisation du macromodèle ICIM-CI pour la simulation
	Figure A.1 – Fichiers XML (CIML) multiples
	Figure A.2 – Fichiers XML avec fichiers de données (*.dat)
	Figure A.3 – Fichiers XML avec fichiers supplémentaires
	Figure B.1 – Description ICIM-CI appliquée à l'étage oscillateur pour extraire l'IB
	Figure C.1 – DI asymétrique
	Figure C.2 – DI différentielle
	Figure C.3 – Représentation à deux accès d'une DI différentielle
	Figure C.4 – Simulation de l'injection en mode commun sur une DI différentielle en fonction du DPI
	Figure C.5 – Impédance d'entrée de mode commun équivalente d'une DI différentielle
	Figure C.6 – Détermination de la puissance transmise pour une DI différentielle
	Figure D.1 – Montage d'essai sur un exemple d'émetteur-récepteur LIN
	Figure D.2 – Données PDN au format touchstone (s2p), données mesurées à l'aide d'un analyseur de réseau vectoriel
	Figure D.3 – Données PDN de la connexion 6 (LIN) et de la connexion 7 (VCC)
	Figure D.4 – Données IB au format ASCII (.txt), données mesurées par la méthode DPI ( Injection sur la broche VCC
	Figure D.5 – Données IB pour l'injection sur la broche VCC
	Figure F.1 – Mesurage conventionnel de paramètres S à un accès
	Figure F.2 – Méthode à deux accès pour le mesurage de faible impédance
	Figure F.3 – Méthode à deux accès pour le mesurage d'impédance élevée
	Figure G.1 – Montage d'essai de la méthode de mesure RFIP déduite de la méthode DPI
	Figure G.2 – Principe de la méthode de mesure RFIP
	Figure H.1 – Schéma électrique d'extraction de l'ICIM-CI du régulateur de tension
	Figure H.2 – Exemple d'extraction ICIM-CI sur le régulateur de tension
	Figure H.3 – Exemple de macromodèle ICIM-CI compatible avec SPICE du régulateur de tension
	Figure H.4 – Exemple de simulation au niveau d'une carte sur l'ICIM-CI du régulateur de tension avec modèle de CCI et autres composants contenant des éléments parasites
	Figure H.5 – Puissance incidente en fonction de la fréquence exigée pour créer un défaut avec un filtre 10 nF
	Figure I.1 – Exemple de fichier IB pour un critère de défaillance donné
	Figure I.2 – Comparaison de la puissance transmise simulée et du comportement d'immunité mesuré

	Tableaux 
	Tableau 1 – Attributs du mot clé Lead dans la section Lead_definitions
	Tableau 2 – Compatibilité entre le champ Mode et le champ Type pour annotation CIML correcte
	Tableau 3 – Définition Subckt
	Tableau 4 – Définition de la section Validity
	Tableau 5 – Définition du mot clé Lead pour la section Pdn
	Tableau 6 – Formats valides de données et leurs unités par défaut dans la section Pdn
	Tableau 7 – Extensions de fichiers valides de la section Pdn
	Tableau 8 – Champs valides du mot clé Lead pour le PDN asymétrique
	Tableau 9 – Définition de Netlist
	Tableau 10 – Champs valides du mot clé Lead pour le PDN différentiel
	Tableau 11 – Différences entre les champs de la section Pdn et de la section Ibc
	Tableau 12 – Champs valides du mot clé Lead pour la définition d'IBC
	Tableau 13 – Définition du mot clé Lead de la section Ib
	Tableau 14 – Définition de Max_power_level
	Tableau 15 – Définition de Voltage, Current et Power
	Tableau 16 – Définition de Test_criteria
	Tableau 17 – Valeurs par défaut des balises Unit_voltage, Unit_current et Unit_power en fonction du format de données
	Tableau 18 – Extensions valides de fichiers de la section Ib
	Tableau 19 – Exemple de critères de réussite/échec du tableau IB
	Tableau A.1 – Unités logarithmiques valides
	Tableau C.1 – Conversion de paramètres asymétriques
	Tableau C.2 – Conversion de paramètres différentiels
	Tableau C.3 – Calcul de la puissance
	Tableau E.1 – Mots clés d'élément racine
	Tableau E.2 – Mots clés de la section Header
	Tableau E.3 – Mots clés de la section Validity
	Tableau E.4 – Mots clés globaux
	Tableau E.5 – Définition de l'élément Lead
	Tableau E.6 – Mots clés de la section Lead_definitions
	Tableau E.7 – Mots clés de la section Macromodels
	Tableau E.8 – Mots clés de l'élément Lead de la section Pdn
	Tableau E.9 – Mots clés de la section Netlist
	Tableau E.10 – Mots clés de l'élément Lead de la section Ibc
	Tableau E.11 – Mots clés de l'élément Lead de la section Ib
	Tableau E.12 – Mots clés de la section Max_power_level
	Tableau E.13 – Mots clés de la section Voltage
	Tableau E.14 – Mots clés de la section Current
	Tableau E.15 – Mots clés de la section Power
	Tableau E.16 – Mots clés de la section Test_criteria





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




