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1. Executive Summary 

The German Federal Network Agency (Section Technical regulation and standardization - EMC; 
broadcast and other audiovisual media) with the participation of three other European market 
surveillance authorities also members of the EMC ADCO (Administrative Cooperation), by name 
Agentschap Telecom (NL), BAKOM (CH) and ELSÄKERHETSVERKET (SE) have carried out a study on the 
EMC characteristics of two types of RMCD (Ready-Made Connecting Devices): Coaxial and HDMI. 

The study took place from February to May 2021 and assessed 60 RMCD (30 Coaxial and 30 HDMI). 

In summary the results of the study show that: 

• only 13% of the coaxial RMCD met the respective class A requirements 

• only 11% of the coaxial RMCD met the screening attenuation or class the manufacturer declared  

• the EMC quality of the coaxial RMCD assessed during this study was lower than the one of the 
study carried out in 2012 

• only 10% of the HDMI RMCD met an acceptable EMC quality of at least 50 dB coupling 
attenuation 

• for both types of RMCD no correlation between price and EMC quality can be seen 

• spot checks of the mechanical resistance of the samples to pull force stress showed negligible 
impact 

The principal conclusions that can be drawn from the study are as follows: 

• The screening quality of the majority of RMCD in this random sample test is poor  

• Coaxial RMCD manufacturers use distinct quality declarations on the article for advertising 
which the products did not meet in the majority of cases and are misleading the customer who 
is thinking that he is buying a product of a certain EMC quality level 

• The voluntary certification scheme in the Netherlands might have a slight positive impact on 
the average quality 

• The fact that there seems to be no correlation between price and EMC quality could be seen as 
evidence that no special expensive measures are necessary to produce RMCD of good EMC 
quality 

A detailed description of the measurement method, test results and conclusions is given in the 
following full report. 
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2. Motivation  
Ready-made connecting devices (RMCD), in the sense of this study, are cables with fixed and already 
attached connectors, ready for use by end-customers. RMCD are used for transmission of high 
frequency signals and can become a potential source of unwanted emissions as they can interfere the 
radio reception due to their lack of shielding. RMCD naturally do not emit themselves but can 
contribute to the level of overall disturbance emission of an electric setup when used as intended.   

Unwanted signals within wanted signals 

The level of the unwanted signals emitted from an RMCD is a function of the level of the wanted signal 
to be transferred by the RMCD and the shielding effectiveness and thus the quality with respect to 
EMC.  
Due to increasing high data rate applications, increasing bandwidth and higher signal levels used on 
coaxial broadband and CATV distribution systems (DOCSIS 3.1 & 4.0), the quality of RMCD becomes 
more important to prevent radio disturbance.  

Longtime problem in CATV distribution systems 

Since many years, the disturbance situation involving CATV distribution systems and aeronautical radio 
services is a well-known issue. In conjunction with cases of radio disturbance of such radio systems 
often coaxial RMCD with insufficient shielding or poorly connected coaxial receiver leads were found. 
Therefore, already in 2012 a trilateral benchmark on coaxial RMCD was carried out by the Netherlands, 
Switzerland and Germany.  
As the disturbance field strength outside coaxial RMCD impairing radio reception still is a common 
effect, the issue remains valid and a new study of the market situation on RMCD seemed appropriate.  

Similar problem with HDMI 

HDMI RMCDs have also shown to cause radio interference due to similar problems as coaxial RMCD, 
e.g. shielding at the connection between connector and cable. The use of HDMI RMCD has increased 
significantly over the last decade and they can be found in every home and workplace today.  
During an IEC/CISPR/I (Electromagnetic compatibility of information technology equipment, 
multimedia equipment and receivers) meeting in 2015 HDMI RMCD were identified as a possible 
source of significant contribution of emission during radiated measurements of a product, where the 
RMCD was necessary as auxiliary equipment. In the meantime numerous investigations were carried 
out on this issue confirming the level of emission - and consequently the global test result - being vitally 
dependent on the EMC quality (shielding effectiveness) of the used RMCD. An afterwards published 
information paper [1] shows the relationship between the EMC quality of the RMCD and the measured 
level of unwanted emissions.  
The carefully selected limit values for interference emission for multimedia equipment (MME), which 
have been tested over many years, can only fulfil the purpose of protection of radio reception if they 
are applied to the MME product in its intended use in which often several devices and necessarily 
RMCDs are connected. That is only possible if the RMCDs have got at least a certain minimum quality 
with regards to EMC aspects. 
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Data on current market situation as information for future legislation 

The European Commission’s Directorate General for Internal Market, Industry, Entrepreneurship and 
SMEs (DG GROW) has commissioned the Centre for Strategy & Evaluation Services (CSES) for the 
evaluation of the current EMCD. The final report of this survey is expected in late May 2021. To provide 
the public, CSES and the COM with information about the actual quality of RMCD on the market today, 
it was agreed to perform a study on the current market situation considering coaxial receiver leads and 
symmetrical data RMCD such as HDMI leads of typical length used in end-customer homes between 
1,5 and 3,0 metres. The study was carried out by Germany with the participation of the Netherlands, 
Switzerland and Sweden from February to May 2021.  
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3. Scope of the study 

3.1 Primary purpose 

The primary purpose of the study was to assess the up-to-date spectrum of EMC technical quality levels 
of RMCD (coaxial and HDMI) on the European market. 

In addition to the comprehensive technical evaluation the study was also intended to improve the 
exchange of information between MSA and to raise economic operator’s and consumer’s awareness 
for the need of product quality. Independent of the absence of distinct requirements by the current 
directive, which is widely interpreted in the way that RMCD can be seen as inherently benign, RMCD 
can contribute to the overall emission of disturbances due to the principles explained above. This is 
why they are in the focus of stakeholders responsible in the field of protection of radio services. 

This report will be shared with the European Commission, EMC ADCO, CSES (responsible for the 
evaluation of the EMCD) and the forthcoming EMC Working Party.  

3.2 Participation, timeline and sampling 

Participation in this study was voluntary and offered to all members of EMC ADCO. Beside Germany, 
that took over the lead of the study and provided the test capacities, the MSA of Sweden, Switzerland 
and the Netherlands supported the study by contribution of RMCD samples.    

The study started mid of February 2021. During the first three months samples were selected and a 
tender procedure for adequate test facilities was published. The measurements were carried out until 
beginning of May 2021.  

To possibly obtain a broad view of the RMCD on the European market, a quasi-random sampling over 
the whole price range and from all available origins (national, EEA, and imported from third countries) 
was sought. However, to avoid double sampling, the participating MSA shared their selections with 
each other to avoid duplicates. Due to the measurement method and the available adapters, the RMCD 
types were limited to coaxial RMCD with IEC connectors according IEC 60169-2 and HDMI RMCD with 
not angled connectors both types with a length of 1.5 m to 3 m. The total number of investigated RMCD 
are 30 pcs of coaxial and 30 pcs of HDMI type. The coaxial RMCD samples covered the price range from 
1 € to 27,08 €; the HDMI RMCD samples lay in the range from  0,99 € to 63,99 €.  

3.3 Coaxial RMCD 

Coaxial RMCD are used in CATV distribution systems and for internet access (i.e. using DOCSIS 3.1 and 
4.0 protocols). Compared with former protocols these new transmission standards use a wider 
frequency range from 5 to 1300 MHz (or 1800 MHz) in up- and downstream direction. Especially the 
upstream signal can be critical, because the wanted signal level is much higher than the level of the 
downstream, which has been attenuated over the length of the signal path. In addition, these networks 
are used 24 hours a day, which means that the probability of disturbance cases is correspondingly high. 
The suppression of unwanted emissions is depended on the screening effectiveness of the RMCD itself 
and its connectors, thus the whole cable assembly. Different classes of screening effectiveness are 
described in relevant standards like EN 60966-2-4 and EN 60966-2-5. The required value of the 
screening effectiveness depends on the level of the transferred wanted signal and the maximum 
permitted unwanted field strength (EN 50083-8). For this evaluation class A with a screening 
attenuation limit of 85 dB in the frequency range up to 1 GHz was taken as reference. This conforms 
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with the assessment of the study from 2012 on coaxial RMCD, which also references to the Class A  
limit (due to standards EN 60966-2-4). 

Table 1 describes the details with respect to limits of the different classes, while Table 2 gives an 
overview on the internationally available standards for coaxial cable assemblies.  

Table 1 – Screening classes of EN 60966 series 

Frequency range 

MHz 
Limit value Test procedure 

Transfer impedance Class A++ Class A+ Class A Class B IEC 62153-4-3Ed2 
IEC 62153-4-7Ed3 

(46/812/FDIS) 
5 to 30 MHz  0,9 mΩ/m ≤ 2,5 mΩ/m ≤ 5 mΩ/m ≤ 15 mΩ/m 

Screening attenuation     Triaxial procedure 

    30 to 1 000 ≥ 105 dB ≥ 95 dB ≥ 85 dB ≥ 75 dB IEC 62153-4-4Ed2 

or   

IEC 62153-4-7Ed3 

(46/812/FDIS) 

1 000 to 2 000 ≥ 95 dB ≥ 85 dB ≥ 75 dB ≥ 65 dB 

2 000 to 3 000  ≥ 85 dB ≥ 75 dB ≥ 65 dB ≥ 55 dB 

Table 2 – International standards for TV receiver leads 

 Radio frequency and coaxial cable assemblies  

IEC 60966-1Ed.3 Part 1: Generic specification -  published 

 Detail specification for cable assemblies for radio and 
TV receivers 

 

IEC 60966-2-4Ed.4 Part 2-4: - Frequency range 0 MHz to 3000 MHz, IEC 
61169-2 connectors, (IEC-60169-2 Connector). 

published 
2016-05-18 

IEC 60966-2-5Ed.4 Part 2-5: - Frequency range 0 MHz to 1000 MHz, IEC 
61169-2 connectors, (IEC-60169-2 Connector). 

published 
2016-10-26 

IEC 60966-2-6Ed.4 Part 2-6: - Frequency range 0 MHz to 3000 MHz, IEC 
61169-24 connectors, (F-Connector). 

published 
2016-10-26 

IEC 60966-2-7Ed1 Part 2-7:   Frequency range 0 MHz to 3 000 MHz, 
IEC 61169-47 connectors (F-Quick) 

Published 
2015-09-08 

IEC 60966-2-8Ed1 Part 2-8:  - Frequency up to 3000MHz,  
Screening class A++,  IEC61169-47 connectors (F-Quick) 

46/750/CD 

3.4 HDMI RMCD 

HDMI RMCD are used for the connection of audio/video components for transmissions of multimedia 
signals. Numerous different transmissions standards exist applicable for HDMI RMCD of which the 10k 
video standard currently shows the highest data rate of up to 120 Gbps and a respective clock 
frequency. Such transmissions require excellent RMCD quality to avoid unwanted emissions, as the 
effect of screening often becomes less effective with rising frequency. The data transmission part of 
HDMI RMCD consists of four symmetrical wire pairs individually screened. Investigations carried out 
by experts of IEC/CISPR/I showed the impact of the connection quality of this screen and the connector 
with respect to the level of unwanted emissions during intended use. RMCD with an insufficient 
connection quality can be a source for disturbance cases. Due to the long operating time of the HDMI 
RMCD, disturbance scenarios can appear with modern mobile communication, especially in the vicinity 
of multimedia equipment in households. 
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Figure 1: typical use case of HDMI RMCD 

 
For standard HDMI RMCD no EMC requirements exist. The HDMI consortium provides a certification 
program for the newest HDMI RMCD generation, so called Premium High Speed HDMI® RMCD and 
Ultra High Speed HDMI® RMCD (https://hdmi.org/spec/premiumcable). This program covers also EMI 
requirements. However, the HDMI RMCDs used in this study are not such products and now 
requirements are mandatory. 
 

 
 

Figure 2 - Assignment of the contacts of an HDMI device socket 
 

https://hdmi.org/spec/premiumcable
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4. Procedure and test method 

4.1 General  

Independently of the absence of mandatory EMC requirements for placing RMCD on the European 
Market, various applicable EMC standards for coaxial RMCD are available. 
Since the last benchmark on RMCD in 2012, the reference measurement method has changed from 
the absorbing clamp method according EN 62153-4-5 to the triaxial measurement method described 
in IEC 62153-4-7 Ed3 (46/812/FDIS). This new method is much more advanced with respect to 
measurement time, accuracy and frequency steps. It can be applied on coaxial RMCD as well as on 
symmetrical RMCD such as HDMI. All kinds of RMCD can be measured if an appropriate adapter is 
available. 

Due to economic reasons, an alternative absorbing clamp method as described in EN 50083-2 was used 
for the benchmark in 2012. 

4.2 Triaxial measurement method for coaxial RMCD 

The coaxial RMCD in this study were measured with the triaxial measurement method according to IEC 
62153-4-7 Ed3 (46/812/FDIS). It enables to assess the screening attenuation in the frequency range 
100 MHz up to 6 GHz. All coaxial RMCD in this study were assessed in the frequency range 0 – 3 GHz.  

The measurands for the rating of the screening effectiveness of coaxial RMCD assemblies are the 
transfer impedance ZT in the lower frequency range up to about 100 MHz and the screening 
attenuation aS in the upper frequency range from 30 MHz upwards, depending on the length of the 
DUT. The screening attenuation aS is defined as the logarithmic ratio of the input power P1 to the 
radiated power P2.  

aS = 10 log (P1/P2) 

The transfer impedance ZT [mΩ/m] is defined as quotient of the longitudinal voltage U1 induced to the 
inner circuit by the current I2 fed into the outer circuit or vice versa, (see IEC 62153-4-1 respectively 
IEC 62153-4-3, Figure 3). 

 

 

Figure 3 – Definition of the Transfer Impedance ZT 

For the evaluation the assembly under test is fully placed in a metallic test tube (see Figure 4) where 
the so-called tube-in-tube extends the ground potential of the outer tube to the left connection point 
of the coaxial assembly, thus making it possible to assess multiple different lengths of coaxial 
assemblies, while the tube itself can only be a multiple of one half meter.  
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Figure 4 – Setup for screening attenuation measurement of a coaxial cable assembly  

The assembly under test is fed by an RF generator and a connection cable, the energy is transferred 
though the assembly and finally terminated in the matching impedance termination in the screening 
cap. Any energy leaving the assembly due to lack to shielding, travels in the tube to left and right as an 
electromagnetic wave, is reflected on the left side of the tube due to a short circuit where the outer 
tube connects to the extension tube, is superimposed with the wave travelling to the right and is finally 
measured with the receiver on the right side of the setup. For simplification RF generator and receiver 
are often replaced by a vector network analyser. 

Depending on the frequency and the geometric conditions of the tube, the measuring receiver will 
sometimes detect constructive interfered waves, thus measuring all the energy that has left the cable 
assembly and sometimes detect destructive interfered waves. This leads to a wiggly shaped output 
signal (see Figure 5). As measurement result the envelope (maximum) of the individual results in the 
assessed frequency range is taken.  

The position of the gap between the lower and the upper frequency range is depending on the length 
of the assembly. For the transfer impedance measurement the cable must be significantly shorter than 
the wavelength; for the screening attenuation significantly longer than the wavelength to produce 
reliable results.  

In the frequency range below 100 MHz the screening effectiveness is evaluated in form of the transfer 
impedance. By definition the transfer impedance is determined at 5 MHz (see red arrow in the example 
in Figure 3). 

Due to the characteristics of the method, in the upper frequency range it is not possible to determine 
an exact value for each separate frequency but only the envelope of all worst values. The screening 
attenuation is defined as the maximum of all maxima in the frequency range assessed discarding the 
first maximum value (In the example given in Figure 5 the second maximum is evaluated, see blue 
arrow). 
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Figure 5 – Typical measurement result plot of a coaxial measurement 

To evaluate the share of the adapters influence in the performance of the overall measurement setup, 
an “empty” measurement can be performed, in which only the two adapters are connected to each 
other. The result in case of this study was about -125 dB and thus well below any RMCD measurement. 

Since this measurement method is the new reference method, a conversion factor for the former 
method with the absorbing clamp was defined for coaxial RMCD. However this conversion factor is 
0 dB if the characteristic impedance to the environment is set to 150 Ohm (see clause 5.4 of [2] for 
details), which was done in this study.   

4.3 Triaxial measurement method for HDMI RMCD 

The triaxial test method according to IEC 62153-4-3 and IEC 62153-4-4 for measuring transfer 
impedance and screening attenuation was originally designed for communication cables and 
connectors.  

Meanwhile, also the measurement of coupling attenuation of balanced cables and connectors with 
triaxial test set-up is described in IEC 62153-4-7 Ed3 (46/812/FDIS) and IEC 62153-4-9.  

The screening effectiveness of balanced RMCD, connectors and assemblies is described among other 
parameters by the coupling attenuation aC, which takes into account both, the unbalance attenuation 
of the pair and the screening attenuation of the screen.  

Hybrid RMCD assemblies like HDMI RMCD consist of different signal cable cores as well as of different 
balanced respectively symmetrical pairs for data transmission. It is assumed that emission of HDMI 
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assemblies at higher frequencies is mainly caused by the balanced pairs, where a high coupling 
attenuation value aC of the pair indicates good EMC performance. 

The measurement of coupling attenuation of balanced RMCD assemblies with the triaxial test set-up is 
described in IEC 62153-4-7 Ed. 3 which is currently under revision (46/812/FDIS) to allow balun-less 
measurements up to 3 GHz (see Figure 6). 

 

 
Figure 6 – Balun-less measurement setup for the coupling attenuation of a balanced cable assembly 

according to IEC 62153-4-7 Ed.3.0 (46/812/FDIS)– principle 

To measure coupling attenuation (as well as unbalance attenuation) a differential signal is required. A 
differential mode signal may be obtained by a vector network analyser (VNA) having two generators 
with a phase shift of 180° or with a multi-port VNA using mixed mode S-parameters. To connect the 
unbalanced ports of the VNA with the balanced device under test (DUT) a TP-connection unit with high 
RF performance is required. Furthermore, appropriate test adapters with high RF performance are 
needed (see Figure 7a). 

      
Figure 7a - HDMI adapter head for usage on the generator side 

In contrast to the coaxial setup the feeding side of the balanced RMCD assembly is short circuited 
directly to the inner walls of the tube to increase sensitivity of the measurement setup (note the 
movable short circuit in Figure 6). Furthermore the matched impedance termination at the right side 
of the RMCD assembly needs a balanced termination (to a value of 100 Ohm) as well as an unbalanced 
termination, where the value may be chosen to different values, which need later to be taken into 
account in the final measurement result (here 50 Ohm were used, but other values are possible without 
degradation of the final result).  
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Figure 7b - HDMI adapter for usage on the termination side 

In order to indicate the qualification of the designed adapters to the triaxial method several 
measurements have to be performed in the frequency and time domain. The used set-up is depicted 
in Figure 8 and Figure 9. 

 
Figure 8 - HDMI adapter calibration procedure 

 
Figure 9 - Measurement set-up used for characterization of the HDMI adapter head 

 and for the HDMI adapter termination 

In the first step the VNA is calibrated up to the measurement RMCD ends using the Short-Open-Load-
Thru calibration method and mechanical 2.92 mm coaxial standards. In the next step, for observation 
of the S-parameters of the head and termination adapters one 8-port coaxial adapter and a short piece 
of HDMI RMCD are used. One side of this short HDMI RMCD is clumped inside of the 8-port adapter 
and on the other side a HDMI jack is used for plugging it to the HDMI adapters.   
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This measurement set-up allows the investigation of the head and termination adapters as matched 
pair. Applying time domain gating the influence of the short HDMI RMCD and the 8-port adapter on 
the reflection loss are removed and the reflection loss of the HDMI adapter can be observed separately. 

It should be noted, that the performance of the adapters limits the performance of the overall 
measurement setup, as the tube cannot differentiate between energy released by the RMCD under 
test and the adapters themselves. This is in contrast to the coaxial measurement, where it is possible 
to perform an “empty” measurement as described in 4.2. As long as no reference HDMI assembly exists 
only the HDMI RMCD with the lowest measured coupling attenuation determines the sensitivity of the 
system. For details on the performance of the adapter refer to [4]. 

4.4 Test of mechanical resistance - Pull force test 

For some RMCD a pulling force test it defined, that ensures that the mechanical contact of the 
connectors and the connection between the connector and cable itself withstand a certain stress 
without the contact being broken and without the installed connectors being damaged leading to a 
decreased EMC quality.  

 

Figure 10 – Pull Force set-up  

For coaxial RMCD assemblies a force of 45 N must be applied for a period of 60 seconds on both 
connectors together or individually one after another.  

The respective standards require the electrical characteristics to be unchanged after such a pull force 
test, which is described in detail in [3].  

So a repetition of the measurement of the screening effectiveness after the pull force test should show 
possible changes due to mechanical influences. Either the results are equivalent to the first tests or 
due to impaired connection to the screen a reduced effectiveness will be noticeable.  

This second measurement on coaxial RMCD was carried out with a total of 5 coaxial assemblies. Those 
have been chosen due to their high quality during the first test, as it did not seem appropriate to try to 
damage an RMCD, which already does not perform well. 

Requirements for pull force tests on HDMI RMCDs are neither harmonised nor publicly available. 
However, a pull force test was performed on three RMCDs, which were chosen from the good 



Page 15 of 30 

 

performers of the first screening effectiveness test. The first cable was treated with 45 N as in the 
coaxial case, the second with 100 N and the third with 200 N.  

5. Results 

5.1 Coaxial 

As described in Clause 3.3 the coaxial RMCD should provide a minimum screening attenuation (at least 
Class A in the frequency range 30 MHz to 1000 MHz due to the standards EN 60966-2-4 and 
EN 60966-2-5) of 85 dB, even though application of those standards are not mandatory for placing 
coaxial assemblies on the European market. Besides class A other classes as B, A+ and A++ exist and 
are used for labelling coaxial products available on the market. While class B requires a screening 
attenuation of 10 dB below class A, class A+ requires 10 dB and class A++ 20 dB more respectively.  

In Figure 11 histograms with the distribution of the measured screening attenuation values of the 
30 RMCD samples with the defined classes marked are shown.  
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Figure 11 – Measurement results for coaxial RMCD – occurrence per attenuation value range  

About a third of all coaxial RMCD performed very poorly, which can be observed in the 5 dB bar of all 
histograms depicted in Figure 11. If those products are left out of the consideration, the rest of the 
measurement results approximately follow a Gaussian-like distribution with its centre located in the 
65 dB bar region. For the frequency range up to 1 GHz the screening attenuation thus falls short by 
20 dB with respect to target value of 85 dB (Class A in that frequency range). As the distribution of the 
measurement values does not change very much for the three evaluated frequency ranges, but the 
limits become more relaxed, the quality rating is slightly improved (see share of the green bars in the 
Figure), however the overall rating for each individual product remains unchanged. 
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Figure 12 shows the measurement results of all coaxial products assessed in this study with respect to 
the classes and manufacturers specifications.  

 
Figure 12 – Measurement results for coaxial RMCD – Screening attenuation vs. manufacturers 

specification  

Only 4 out of 30 (13%) meet the class A requirements and thus guarantee the absence of 
electromagnetic disturbance in most cases of application.  

Moreover many manufacturers label their products with indication of compliance with a specific 
screening class or screening values. Often this specification is printed on the assembly itself or on the 
packaging. This designated information will surely contribute to the decision of the end-customer to 
buy or not to buy a certain product. 

Therefore in Figure 12 also a comparison of the measurement values and the specification / 
information on the product is given. For the majority of RMCD (27 out of 30) a clear declaration of the 
class or attenuation quality was given on the package.  

It was observed that only 3 out of those 27 products meet their own declaration (the three marked in 
green in Figure 12), namely the measured screening attenuation is equal to or above the declared class 
or specification. Although the comparatively small number of samples does not allow a well-founded 
statistical conclusion it can be indicated that two of these three products are samples taken from the 
Dutch market and one of these two has a KabelKeur certificate.   

It should also be highlighted that the only RMCD declaring to meet Class A++ comes up with a 
measurement value which is amongst the worst results and far below class B specifications. 
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Figure 13 – Measurement results for coaxial RMCD - Screening attenuation vs. price 

(30 MHz – 1 GHz) 

Figure 13 shows again the screening attenuation of all assessed coaxial products but this time in 
relation to their market price. Here only the frequency range up to 1 GHz is shown, which is assumed 
the most important one, as in most European countries CATV cables are used only up to this frequency 
today. The participating country that provided the products is color coded as shown in the legend to 
detect possible local specifics. On the lower left side a point cloud can be observed which is formed by 
rather cheap and low quality products. Those products seem to have the same manufacturing flaw 
and/or same source. A destructive inspection on two samples of this type revealed a break in the 
overall shielding of the product, as the screen of the cable was only connected to the outer conductor 
of the IEC adapter by a thin soldered wire (see Figure 14). 

       
Figure 14 – Examples of poor shield design 
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A second large area of points can be identified in Figure 13 covering all price ranges and with 
attenuation values below the class B limit line. Those 14 products, thus representing about half of the 
assessed products do not even meet class B limits and are hence a significant risk for electromagnetic 
disturbances. As all price ranges are affected, the customer cannot conclude from a high price on good 
EMC performance. On the contrary - the two most expensive products evaluated in this study belong 
to this group.  

On the other hand all products above the class B line (the worst two of that group even almost reaching 
class A) are in mid-price range, with the one exception of the cheapest product of all showing almost 
class A EMC characteristics.  

It should also be noted, that 3 of 4 products actually showing great performance in the class A or above 
range actually were provided by the Netherlands. This may be a result of the KabelKeur voluntary 
certification protocol implemented in the Netherlands to provide a better guide for end-customers.  

Figure 15 shows the situation in the frequency range from 1 GHz to 2 GHz, where the limit values 
provided by EN 60966-2-4 are 10 dB lower than in the frequency range up to 1 GHz.  

 
Figure 15 – Measurement results for coaxial RMCD - Screening attenuation vs. price  

(1 GHz – 2 GHz) 

However as the CATV cables are more and more used to provide faster internet access, this frequency 
range becomes increasingly important looking at the high frequency performance of coaxial products 
used for such applications.  

In Figure 16 the situation in the frequency range 2 GHz to 3 GHz is shown and again, the limit is another 
10 dB lower.  
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Figure 16 – Measurement results for coaxial RMCD - Screening attenuation vs. price  

(2 GHz – 3 GHz) 

For both higher frequency ranges the distribution of the measurement values is similar to the one in 
the low frequency range, only more products comply with the respective requirements (also visible in 
Figure 11 and 12). For the products of good quality in this test, this behaviour can most probably be 
attributed to be a result of a solid screening design, which leads to a rather stable screening attenuation 
value over frequency. 

A screen discontinuity as shown in Figure 14 leads to a visibly increasing attenuation value over 
frequency. Looking at each full data set of the very cheap and low performing products (forming the 
point cloud in the lower left) this effect can be clearly observed. Figure 17 shows the typical screening 
attenuation characteristics over frequency with and without such a screen discontinuity.   
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Figure 17 – Typical screening attenuation characteristics with (left) and without (right) screen 
discontinuity 

However, in Figure 16 this effect cannot be seen, as it is repressed by the worst values enveloping 
evaluation routine over frequency. 

As discussed in clause 4.2 of this document, the performance of cables and RMCD in the frequency 
range below 30 MHz is assessed by the quantity of the transfer impedance. This value is of importance 
for RMCD performance in the lower frequency range (i.e. for the backward channel). As a lower 
transfer impedance correlates with a better EMC performance of the product, for convenience the 
inverse of the transfer impedance is shown here to ease recognition of possible similarities with 
characteristics already overserved in the upper frequency plots. In Figure 18 the inverse transfer 
impedance at 5 MHz is shown, as this is the common frequency for evaluation, because values above 
could be compromised if the cable is no longer electrically short compared to the wavelength. 
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Figure 18 – Measurement results for coaxial RMCD – Inverse transfer impedance vs. price  

(@ 5 MHz) 

It can be observed that the low frequency performance of the particular product correlates with the 
high frequency performance. 
6 out of 30 (20%) meet the class A requirement. Noticeable is, that the cheapest product even complies 
with class A++ requirements in this frequency range. 

5.2 HDMI 

Using the triaxial measurement method described in Clause 4.3 thirty (30) RMCD samples were tested.  
As no normative requirements exist yet for HDMI RMCD, it is difficult to set the assessed performance 
of the products into relation with a meaningful value. However to get an idea of the significance of the 
results observed, based on some technical assumptions a rough estimation can be made.  

Taking into account that a typical wanted signal level on a symmetrical pair of a HDMI assembly has a 
voltage of ±780 mV and the coupling attenuation ac is known for the specific assembly, a coupled 
disturbance voltage to the screen can be calculated. This voltage is partially converted to a disturbance 
common mode current on the screen of the HDMI assembly, thus radiating a disturbance 
electromagnetic field to the environment. In a radiated emission test of an EUT (i.e. television-set) 
having an HDMI port to be exercised by an auxiliary equipment (i.e. blue ray player) this would generate 
a certain measurement value of the electromagnetic field. The conversion of this current to field 
strength depends amongst other factors on the impedance of the normalized value of the 
characteristic impedance of the environment, which can be assumed to be 150 Ohm (see also [2]). If 
the RMCD is assumed to radiate as an antenna with a specific gain (assumed to be in the order of -5 to 
-10 dBi), the generated field strength in a measurement distance of 3 meters can be estimated. Of 
cause such a rough estimation can only provide a coarse estimation of the coupling attenuation 
required, but leads to a value in the order of around 50 dB. 
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The resulting dependency of coupling attenuation value of the RMCD and field strength at test distance 
is in good correlation with preceding measurements on the influence of HDMI RMCD screening 
characteristics [1]. From this estimation and the measurements it can be concluded that an RMCD 
coupling attenuation value of about 50 dB should allow a test procedure reflecting mainly the 
EMC characteristics of the EUT while minimizing the influence of the RMCD to an acceptable level with 
regards to the test method and limits as required by the applicable EMC standard EN 55032.  

Figure 19 shows the measurement results of all HDMI products assessed in this study with respect to 
this derived quality limit. 

 

 

Figure 19 – Measurement results for HDMI RMCD – Occurrence per attenuation value range  
(30 MHz – 1 GHz and 1 GHz – 2 GHz) 

The majority of products shows a coupling attenuation value in the range of 30 to 40 dB in both 
frequency ranges. Only 3 products (10 %) have attenuation values that - based on the estimation 
explained above - would have minor impact on the EMC characteristics in a multimedia setup.  
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Figure 20 shows the measurement results of the coupling attenuation vs. price in the frequency range 
30 MHz – 1 GHz of the 30 RMCD samples; Figure 21 gives similar results in the frequency range 
1 GHz – 2 GHz.  

 

Figure 20 – Measurement results for HDMI RMCD - Coupling attenuation vs. price  
(30 MHz – 1 GHz) 

 

Figure 21 – Measurement results for HDMI RMCD - Coupling attenuation vs. price  
(1 GHz – 2 GHz) 

It should be highlighted that the most expensive RMCD (63,99 Euro) is amongst the majority of 
products of minor EMC quality. So in accordance with the results for coaxial RMCD it can be stated that 
the customer cannot conclude from a high price on good EMC performance. 
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5.3 Pull force test 

Five different coaxial RMCD were subjected to the pull force test and measured again afterwards in the 
triaxial tube. Table 3 shows the degradation caused by the test for the different frequency ranges. 

Table 3 – Degradation due to Pull Force Test 

 ΔZT ΔZT Δ ac Δ ac Δ ac 

  
below 5 

MHz at 5 MHz 
30 MHz- 

1GHz 1-2 GHz 2-3 GHz 

DE03 -10 0 0 0 0 

DE06 -7 -0,5 -5 -5 -15 

DE07 -1 0 -2 0 0 

DE12 0 0 0 0 0 

NL01 0 0 0 0 0 

Mean value -3,6 -0,1 -1,4 -1 -3 

The best and worst case changes are shown in Figures 22 and 23.  

 
Figure 22 – Best case change after Pull Force test to coaxial assembly 
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Figure 23 – Worst case change after Pull Force test to coaxial assembly  

(green curve: before test, blue curve: after test) 

In the best case, the EMC performance did not change at all (within the measurement uncertainty 
range), while in the worst case there was a degradation detectable especially in the frequency range 
above 2 GHz of roughly 15 dB. However taking the average degradation of all 5 coaxial assemblies the 
effect of the pull force test can only be noted as -3dB at worst in the frequency range 2-3 GHz, which 
can be considered as negligible.  

The pull force test on the three HDMI cables (with 45 N, 100 N and 200 N) revealed no change in the 
measurement after mechanical stress. 
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6. Summary and conclusion 
Besides the general aim to gain an overview on the current market situation, the purpose of this study 
was to assess characteristic EMC parameters of ready-made connecting devices (RMCD) before the 
background that they are widely interpreted to be benign equipment according to Article 2 (2d) of the 
EMC-Directive.  

In this Article  

“equipment with the inherent nature of the physical characteristics of which is such that: 

it is incapable of generating or contributing to electromagnetic emissions which exceed a level allowing 
radio and telecommunication equipment and other equipment to operate as intended”  

is excluded from the application.  

It can be argued, that this description does not apply to RMCD due to their ability to radiate 
electromagnetic waves once they carry an electric current on their screen and thus contribute to the 
overall emission in a given use case. However in the non-mandatory EMC Guide the exclusion of RMCD 
is explicitly declared in Clause 1.4.4 (Examples of inherently benign equipment). 

The study investigated characteristic EMC parameters of ready-made connecting devices (RMCD) of 
the types Coaxial and HDMI with regards to EMC quality of the products. 

It was shown, that only 10-11% of all assessed RMCD (both coaxial and HDMI) show the necessary 
quality characteristics to prevent from unwanted electromagnetic emission and thus facilitate radio 
and telecommunication equipment and other equipment to operate as intended. 

Based on the results of the assessed products the customer is left unable to select a product of 
adequate quality deliberately. Marking on the product with respect to classes or to manufacturer 
specifications does not guarantee appropriate EMC performance in the use-case. Also the price being 
no indicator for EMC quality was revealed, as expensive RMCD did partly perform worse than cheaper 
ones, while some mid/low-price products showed acceptable quality. 

Although not directly comparable due to the different test methods used, the results of this study 
indicate that quality within the past nine years has rather decreased, as in 2012 at least 42% of the 
coaxial RMCD met the dedicated requirements. The absence of regular market surveillance activities 
due to ambiguous validity of the EMC-Directive with respect to RMCD leads to a certain reluctance of 
the manufacturers to respect EMC quality and can be assumed to be one factor for this development.  

Combining the conclusions of both studies leads to the following recommendations: 

• The European Commission is invited to consider whether RMCD could be assigned to the EMC-
Directive or not. 

• Standardisation Organisations should work rapidly on standards for determining the EMC 
quality of the various RMCD types.  

• Manufacturers of RMCD should be approached by European or national authorities to develop 
an understanding of the necessity of an adequate EMC quality of RMCD products placed on the 
market. 

• Consumers should be informed on RMCD being a possible cause of electromagnetic 
disturbances and be encouraged to replace poor quality RMCD by alternative products. 
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• Manufacturers of multimedia equipment (MME) should inform their customers (i.e. in the 
product instructions) to take special care when attaching RMCD to the equipment. 

• The consumer should be informed in a suitable way before buying a RMCD which EMC quality 
(or quality class) is needed for respective apparatus  

• Market surveillance authorities should perform regular assessments on RMCD and publish the 
results. 

• The EMC quality of further types of RMCD (e.g. USB-C, LAN) should also be assessed 
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Annex A: Overview of standards 
EN 50083-8,  Cable Networks for television signals, sound signals and interactive services – Part 8: 

Electromagnetic compatibility for networks: 2014-04 
EN 55032, Electromagnetic compatibility of multimedia equipment, - emissision requirements 
EN 60966-2-4, Radio Frequency and coaxial cable assemblies – Part 2-4: Detail specification for cable 

assemblies for radio and TV receivers – Frequency range 0 MHz to 3000 MHz, IEC 
61169-2 connectors: 2016 

EN 60966-2-5, Radio Frequency and coaxial cable assemblies – Part 2-5: Detail specification for cable 
assemblies for radio and TV receivers – Frequency range 0 MHz to 1000 MHz, IEC 
61169-2 connectors: 2016 

EN 60966-2-6, Radio Frequency and coaxial cable assemblies – Part 2-6: Detail specification for cable 
assemblies for radio and TV receivers – Frequency range 0 MHz to 3000 MHz, IEC 
61169-24 connectors: 2016  

IEC 62153-4-1, Metallic communication cable test methods - Part 4-1: Electromagnetic compatibility 
(EMC) - Introduction to electromagnetic screening measurements: 2014+AMD1:2020 
CSV   

IEC 62153-4-3, Metallic communication cable test methods - Part 4-3: Electromagnetic compatibility 
(EMC) - Surface transfer impedance - Triaxial method: 2013 

IEC 62153-4-4, Metallic communication cable test methods - Part 4 - 9: Electromagnetic compatibility 
(EMC) - Coupling attenuation of screened balanced cables, triaxial method: 2015 

IEC 62153-4-5, Metallic communication cables test methods - Part 4-5: Electromagnetic compatibility 
(EMC) - Coupling or screening attenuation - Absorbing clamp method 

IEC 62153-4-71, Metallic communication cable test methods - Part 4-7: Electromagnetic compatibility 
(EMC) - Test method for measuring of transfer impedance ZT and screening attenuation 
aS or coupling attenuation of connectors and assemblies up to and above 3 GHz - 
Triaxial tube in tube method: 2015+AMD1:2018 CSV   

IEC 62153-4-9, Metallic communication cable test methods - Part 4 - 9: Electromagnetic compatibility 
(EMC) - Coupling attenuation of screened balanced cables, triaxial method: 2018 

 
 
 

                                                      

1 IEC 62153-4-7 Ed.3.0 (46/812/FDIS) 

https://webstore.iec.ch/publication/67030
https://webstore.iec.ch/publication/67030
https://webstore.iec.ch/publication/63119
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