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50 Words Abstract – IEC61000-4-2 discharge stress levels are studied with varying product capacitance and 
ground connections. Stress levels are evaluated based on the measured and simulated peak current, peak power, 
pulse rise time, and energy transfer along to the USB cable. These stress parameters can be significantly 
affected by adjusting the test setup. 

I. Introduction 
One part of electromagnetic compatibility (EMC) 
qualification of electronic products is the IEC61000-4-2 
electrostatic discharge (ESD) immunity test [1]. The 
repeatability and accuracy of the test method has been 
extensively studied, as it is one part of electronic system 
EMC acceptance procedures [2]-[7]. It has been found that 
different ESD generator models have variation between the 
stress levels, holding the pulse generator in different 
positions changes the stress level, calibration procedures 
have variation, and environment parameters, such as the 
relative humidity and air spark parameters, effects on the 
test results [3]-[7]. Based on these analyses a measured 
product immunity level can vary when different ESD 
generators and different test locations are used. However, 
the repeatability is better when the same user and generator 
is used with the qualification tests [6,7]. 
There is less information available on how physical 
construction and positioning of the product on the test 
bench effects the ESD stress levels [8,9]. Equipment under 
test (EUT) are placed on the test bench in different 
positions having varying materials facing towards the 
horizontal coupling plate (HCP) and the vertical coupling 
plate (VCP). The product can have also a power supply and 
data wire connections providing a ground path during the 
tests. These wires can lay directly on the HCP or be kept far 
away from the HCP and other ground reference planes. On 
the other side, battery operated equipment are not grounded 
via cables, and the only way to stress these devices with 
ESD pulses is to have a capacitive coupling between the 
generator, coupling plates and the EUT. Care must also be 
taken to return capacitively coupled EUTs to ground 
potential between stresses. Therefore, ESD stress level 
depends both on the used test setup and construction of the 
EUT. 
In this paper we study with simulation and measurement 
methods how the IEC61000-4-2 ESD stress level is 

affected when different Universal Serial Bus (USB) ground 
cables and a capacitance of the EUT is varied on the test 
bench. The study is based on an ESD failure case where 
small changes in a product’s metallic enclosure design 
changed the results of the ESD immunity test. The failure 
occurred only when the EUT had a certain USB data cable 
placed in a specific position on the test bench. The failure 
type was due to the excess discharge energy content with 
the USB interface components, and it was questioned 
whether the failure was based on test method uncertainties, 
variation of the test setup or due to product design changes.  
The fast initial part of the IEC discharge is not studied in 
detail in this work as the focus is with the effect of the high 
energy content pulse flowing through the EUT ground 
contact. 
Test setups, simulation and measurement methods are 
presented in Chapter II and the measurement and 
simulation results are presented in Chapter III.  Finally, the 
results are summarized and conclusions given in Chapters 
IV and V. 

II. Measurement and Simulation 
Setups 

A. IEC61000-4-2 measurements 
In the IEC61000-4-2 test method the discharge source is an 
ESD generator having 150 pF source capacitance, and the 
charge is discharged through the EUT into the electrical 
ground. Along the discharge path is a 330 Ω series resistor 
The discharge current waveform has two main phases. In 
the first phase is a fast initial peak current from parasitic 
capacitances of the generator simulates ESD from a small 
metallic object kept in hand, and the following residual 
waveform represents a discharge through the tool from the 
source capacitance of a human body. The first 0.5-10 ns 
period of the pulse produces a high current and high power 
stress event with strong electromagnetic interference (EMI) 



emissions. The following pulse from 10 ns onwards has a 
high total energy content possibly damaging and disturbing 
electronics [2]. 
To minimize test variations we use one Noiseken ESS-
2000AX discharge generator with 150 pF source and 330 Ω 
serial resistor, the same test bench, and maximum 2 kV 
discharge voltages to avoid excess radiated noise. 
Measurements are made in 20 - 30 % RH environment with 
contact discharges. Discharge current waveforms are 
measured with a 1 Ohm shunt resistor placed between the 
end of the USB cable and the conductive surface of the 
HCP. Current is measured also by using a Tektronix CT1  
current probe between the EUT and USB cable.  
The waveforms are captured with an 8 GHz bandwidth 
oscilloscope having 40 GSa speed. In addition, a TREK 
Model 520 and 541 electrostatic voltmeters and Monroe 
284 Nanocoulomb meter are used to measure static voltages 
and charges. 
More than 15 different USB2 cables were analyzed, and in 
this paper we present results for six of those cables. The 
shortest 13 cm long cable has no ferrite beads and the 
longest 2 m cable has two beads attached. 78 cm and 110 
cm long cables both have two versions with and without a 
ferrite bead. The 13 cm long cable represents a short 
ground connection without extra EMC filtering and the 2 m 
long cable with two ferrite beads provides the strongest 
filtering. In addition, the type of ferrite beads vary between 
the USB cables. This was observed from the filtering 
response of the beads between similar cables from different 
suppliers. The beads should be used to filter only the power 
Vbus and ground signal lines, and even then with care 
[10,12]. USB3 type of cables cannot have ferrite beads 
anymore due to the signal integrity requirements. 
USB2 cables can have major variation in the internal 
construction due to the different ground connections 
between the metallic shields and the end connectors. Only 
three of the tested cables; 13 cm, 2 m and 78 cm long 
without a ferrite, had the shield strap connected on the USB 
connector on both ends of the cable. This is according to 
the cable specification as the shield can be connected to an 
equipment chassis also via a shunt capacitor. However, in 
this study the signal ground and the shield are connected 
together at the one ohm shunt resistor connection point, and 
the two USB data lines and voltage supply wires are kept 
electrically floating.  
In addition to the different cable lengths, the capacitance of 
the USB cables above the HCP surface is varied. The 
measurements are made by taping the cables in contact with 
a 0.8 mm thick dielectric sheet on the HCP, and with the 
cable raised 3.3 mm above the HCP by using an additional 
2.5 mm thick Polyethylene (PE) sheet with a dielectric 
constant of εr= 2.5±0.2. Similar PE sheets are used to vary 
the capacitance of the EUT on the HCP. The 0.8 mm thick 
dielectric sheet had the dielectric constant of εr= 2.0±0.1.   
EUTs are modelled with stainless steel metal plates having 
a size of 12x12 cm and 12x21 cm. These represent 
electronic products such as hand held computers with large 
size displays facing down on the HCP. The metal plates are 

used instead of real products for easier modeling of the 
conductivity and dynamic capacitive coupling phenomena, 
and to avoid variation caused by product construction [9]. 
The test setup is shown in Figure 1. 
EUTs with USB cables may not have good ground contact 
during IEC qualification. For example, the cable may be 
connected into a power supply with mega ohm level 
resistance to ground. In that case there will be only limited 
charge transfer along the cable due to the parasitic 
capacitance of the cable. In contrast, the cable can be 
connected into a system where the USB port is hard 
grounded to the system chassis. In this study the cable is 
always grounded to the HCP to get the maximum energy 
transfer along the ground connection. 

Figure 1:  Test setup. 

B. Simulation Methods 
Test setups are simulated with SPICE and CST Microwave 
Studio software. Here the target is not to try to produce 
exactly the same waveforms as found with measurements. 
This would be challenging as the detailed discharge 
waveforms vary between different ESD generators, 
between the cables and type of EUTs used. Instead, the 
purpose of simulations is to verify the results seen with 
measurements and to study how different test setup changes 
should effect the discharge waveforms. Still, the simulation 
models are built to represent the measured scenarios on a 
general level. 
To produce a realistic simulation with SPICE we need to 
know resistance-inductance-capacitance (RLC) parameters 
of the test setup. In this study the RLC values are calculated 
from measured underdamped discharge current waveforms 
when a charged metal plate with an USB cable is grounded. 
In addition, voltage and charge measurements are used to 
calculate source capacitances and to monitor repeatability 
of the testing. 
A simplified SPICE simulation network is presented in 
Figure 2 for the USB cable and metal plate combination. 
The parameter C_EUT is the capacitance of the EUT on the 
test bench, L_usb is the distributed inductance, and C_usb 
is the distributed parallel capacitance of the USB cable. 
Resistors R_serial and R_usb are selected so that the pulse 
amplitude and attenuation follow the measured results. The 
simulation model includes also the USB cable ferrite bead 
L3. The behavior of the ferrite can be simulated by 
adjusting RLC parameters of the circuit. The HCP is 
grounded via two 470 kOhm bleed resistors R_bleed and 
inductance L_bleed, and the HCP plate has a 180 pF ground 



capacitance C_hcp.  The current through the USB is 
measured with the resistors R_1ohm and Current_sense.  
The ESD generator is set to give about the same output to a 
2 Ohm target as the Noiseken ESD generator used in this 
study. The generator model is based on two parallel RLC 
source networks and a gun tip matching circuit. 

 
Figure 2:  A simplified SPICE simulation circuit for the EUT and 

USB wire on an IEC61000-4-2 test bench. 

Figure 3 shows the 3D model used with CST Microwave 
time domain co-simulations. The source circuits of the ESD 
generator and grounding parameters are set on the 
schematic side. USB cables are modelled with a copper 
wire on the HCP. The CST co-simulation method is used to 
construct the test environment. This gives more control 
over the discharge circuits and reduces the complexity of 
3D model. 
One of the benefits of 3D simulation is that it can include a 
detailed mechanical construction of the EUT, and thereby, 
it can predict how the current and voltage travel through the 
test setup. In addition, detailed RLC circuit parameters are 
not required. Instead, a detailed CAD file of the EUT is 
typically needed and electrical properties of all materials 
must be known. Non-linear materials such as ferrite beads 
can be challenging to model in details and these materials 
may significantly increase simulation time. A test setup 
with physically long cables requires a large simulation 
space. To limit the number of mesh cells the space must be 
shrunk to minimum and that increases uncertainties with 
simulations.  
Complete IEC discharges with slow current attenuation 
need to be simulated even up to 200 ns, and running 
through just one simulation may require time from a few 
hours up to more than one day. Thereby, SPICE based 
simulations running within just a few seconds can be more 
practical if the effect of product construction is not part of 
the study. In this study the EUT is a simple metal plate and 
the total 3D co-simulation time for one test setup stays 
below one hour by using a distributed calculation network.  
 

 

Figure 3:  A simplified CST Microwave Studio simulation setup 
including the ESD source, EUT and USB cable. 

C. Uncertainties 
An IEC test bench uses 0.5 mm thick dielectric between the 
EUT and HCP [1]. Different test setups with varying 
dielectric thickness between the EUT and HCP were tested 
to analyze uncertainties. A test setup with 0.1 mm dielectric 
has the real gap between 0.1 mm and 0.2 mm with the 
12x12 cm plate and between 0.1 mm and 0.3 mm with the 
larger 21x12 cm plate. This is due to the small variation 
with the flatness of the metal plates and USB cables as 
those are not always laying fully flat against the dielectric. 
This variation was difficult to avoid and even the use of 
magnets to pull the plates together was not successful. 
Finally, 0.8 mm was selected as the thinnest dielectric sheet 
in this study. With this sheet the EUT capacitance varies 
less than ±15 %. With the 0.5 mm dielectric the variation 
was more than 20 %. Figure 4 presents measured quasi-
static capacitances for the two metal plates with the 0.8 mm 
dielectric and with the additional 2.5 mm and 4.5 mm thick 
sheets. Variation of the EUT capacitance effects mainly the 
fast coupling currents during the initial part of the 
IEC61000-4-2 testing [9].  
The ESD generator used in the study has ±100 V variation 
on the output voltage with 1-2 kV test level. Therefore, the 
voltage and charge is controlled with the TREK voltage 
meter and by integrating the total charge transfer from the 
measured current waveforms. Current waveforms are 
averages of four ESD pulses for each test setup. Thereby, 
the total estimated uncertainty is less than ±10 % for the 
measured charges and voltages. 
The current has more high frequency bouncing between the 
EUT and USB cable connection point than between the 
HCP and cable connection point, and therefore, the 1 Ω 
shunt resistor is mainly used to capture the current values. 
The current waveforms are more or less the same in these 
two points when the cable has a ferrite or when the 
capacitance of the EUT is high. For cables without ferrites 
high frequency oscillations may change the waveform, and 
in that case the current bases on CT1 probe measurements. 
The peak current and rise time calculation from 10 % to 90 
% has the uncertainty around ±25 % due to the ringing of 



the waveform during the initial part of the ESD event. The 
estimated uncertainty with all the other measured values is 
±20 %. 

 
Figure 4:  Measured quasi-static capacitance values with 12x12 

cm and 21x12 cm plates. 

III. Measurement and Simulation 
Results 

ESD can damage electronics in several ways depending on 
the shape of the current waveform [11]. In this study the 
main focus is with the current waveform going through the 
cable. Therefore, we choose the following parameters to 
compare the severity of the events; peak current, peak 
power, pulse rise time between 10% and 90%, and the time 
to transfer 50 % of the total discharge energy.  

A. Measurement results 
The average discharge peak current, rise time and energy 
transfer results are presented for the 78 cm long USB cables 

in Figures 5, 6 and 7. Results for the 110 cm long cables are 
presented in Figures 8, 9 and 10. These cables are set at 0.8 
mm and 3.3 mm distances from the HCP, and both the 
12x12 cm and 21x12 cm size metal plates are set at 0.8 
mm, 3.3 mm and 7.8 mm distances from the HCP. 
When the plate or USB cable is in a high capacitance 
position at the 0.8 mm distance to the HCP, the peak 
current and power are typically less than when they are 
raised up. The peak power over the one Ohm shunt resistor 
varies accordingly based on the I2 of the current value. In 
addition, raising up only the USB cable can increase the 
peak current depending on the capacitance of the EUT. The 
biggest changes can be seen between 0.8 mm and 3.3 mm 
distances for the plates. The effect of capacitance on the 
peak current and power is supported also by SPICE 
simulation results. However, simulations are not always 
able to predict correctly waveform reflections and non-
linear behavior of the ferrites. 
The peak current decreases 20 % - 60 % when the cable has 
a ferrite bead attached. On top of that, the distance between 
a cable and HCP has less effect on the peak current if there 
is a ferrite along the cable.  
Pulse rise times are faster when the capacitance of the plate 
and USB cable decreases. This is the case both with and 
without a ferrite bead, but the type of ferrite bead and the 
capacitance of the EUT can change the results. For 
example, the ferrite along 110 cm long cable has only 
minor effect on the rise time when the EUT capacitance 
decreases. In addition, the bead along 110 cm cable 
operates well only with higher frequencies above 20 MHz, 
which is more than the main frequency of the measured 
pulses.  

    
Figure 5: Discharge peak current values with 78 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right. 



     
Figure 6: Pulse rise time with 78 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right.

     

Figure 7: Energy transfer with 78 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right. 

An energy transfer time up to 50 % of the total value 
depends on the used test setup, but generally the transfer 
time increases when the plate or USB cable with a bead is 
in a high capacitance position close to the HCP. A ferrite 
bead can slow down the energy transfer time about 50 %, 
but this depends once again on the oscillation frequency 
and the type of the ferrite. For example, if the transfer time 
is measured up to 60 % with a fast current oscillation the 

transfer time can vary more than 30 % depending on the 
case. 
Without a ferrite the energy transfer time will vary between 
discharge scenarios. It is hard to define any systematic 
trends based on the results of 78 cm long cable, but the 
transfer time decreases with 110 cm and 2 m long cables 
when the capacitance of the test setup decreases. Here the 
EUT capacitance has more effect than the cable 
capacitance.  

 

Figure 8: Peak current values with 110 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right.  



 
Figure 9: Pulse rise time with 110 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right.  

     

Figure 10: Energy transfer with 110 cm long USB cables. 12x12 plate on the left and 12x21 cm plate on the right.   

Figure 11 shows a peak current values for both 12x12 cm 
and 21x12 cm plates with different capacitance settings 
both with the shortest 13 cm, without ferrites and longest 
200 cm, with two ferrite beads, USB cables. The plates are 
set at 0.8 mm, 3 mm and 7.8 mm dielectrics sheets, and the 
cables are kept constant on the 0.8 mm thick sheet. Peak 
currents depend mainly on the cable length, whereas the 
effect of plate capacitance on the HCP is less than about 20 
%. However, the rise time of the pulse can be about three 

times faster with a short ground cable when the capacitance 
of the plate decreases. The 200 cm long cable with two 
ferrite beads slows down the rise time and the rise time 
variation is less than 25 % with all test scenarios. The 
energy transfer rate varies more depending on the 
oscillation of the current waveform with the 13 cm long 
cable. Similar to the results with 110 cm cable, the transfer 
time is faster with the 200 cm long cable when the plate 
capacitance decreases.  

       

Figure 11: Peak discharge current and power values for the 13 cm (left side) and 200 cm long (right side) USB cables when the cables 
are at 0.8 mm distance from the HCP. 



        

Figure 12: Pulse rise time with 13 cm without ferrites (left side) and 200 cm long with two ferrite beads (right side) USB cables. 

        

Figure 13: Pulse rise time with 13 cm (left side) and 200 cm long (right side) USB cables. 

A few typical measured discharge current waveform 
are presented in Figure 14 for the 12x12 cm and in 
Figure 15 for the 21x12 cm size plate with three 
different USB cables. The transferred total charge of 
all these pulses is 150±5 nC with the 150 pF source 
and 1 kV initial potential.  

The 13 cm long cable has the fastest and highest 
current flow with the smaller plate. The 110 cm long 
cable slows down the current, but produces the highest 
peak current and power values with the larger plate 
size. Therefore, the realized ESD stress depends on the 
combination of EUT and cable properties on the test 
bench. 

The effect of ferrite beads can be seen in Figure 16 and 
Figure 17 where the peak current decreases and the 
pulse rise time increases with a ferrite and when the 
length of the cable increases. The main oscillation 
frequency is also more than two times slower with a 
ferrite.  
The discharge current was measured also at the EUT 
and ESD source contact point with a 10 mm long wire 
going through the CT1 current probe. The capacitance 
of the EUT and cable was varied on the HCP. Based 
on the measurements the discharge peak current 
depends mainly on the size and capacitance of the 

EUT on the HCP. The type, capacitance and length of 
the ground wire had only minor effect on the peak 
current. Therefore, the effect of cable properties is the 
highest with components close to the cable ground 
connection. In addition, components close to the ESD 
current injection point may have little effect if the 
ground connection is varied. 

   
Figure 14: Discharge waveforms for the 12 cm x 12 cm metal plate above 

0.8 mm thick dielectric. 



 
Figure 15: Discharge waveforms for the 21x12 cm metal plate above 0.8 

mm thick dielectric. 

 
Figure 16: Comparison of discharge waveforms with and without a ferrite. 

 
Figure 17: Comparison of discharge waveforms with a ferrite. 

B. Simulation results 
Both SPICE and 3D simulation tools can be used to predict 
discharge waveform changes. However, a detailed 
simulated waveform would require a well modelled ESD 
source and ground path. Pulse reflections and initial high 
frequency oscillations of the IEC pulse bring variation to 

the results. Therefore, it is challenging to tune simulation 
models without measurement data as a starting point. 
3D simulations can predict similar types of current 
waveforms as found with measurements, but the exact peak 
current, power and rise time values don’t always match 
with the measured values without several test setup 
iteration rounds. 
Figure 18 show the results of 3D simulation for the 12x12 
cm plate and 35 cm long USB cable without a ferrite. The 
distance between the plate and HCP is 0.8 mm and the 
cable is at 0.8 mm, 1.5 mm and 4.1 mm distances from the 
HCP. Measured results for similar test setups can be seen in 
Figure 5, Figure 6, Figure 7 and Figure 15. The cable has 
an additional 0.75 mm thick dielectric around the shield 
metal conductor. This will increase the minimum distance 
between the HCP and the conducting wire. The simulation 
predicts that small changes in cable position will affect the 
ESD stress along the EUT ground point. In this case the 
rise time and energy transfer have the largest parameter 
changes. However, the simulated current waveform at the 
ESD injection point has only minor changes. 

 
Figure 18: Simulated discharge waveforms with CST Microwave 

with three USB cable capacitances. 

SPICE simulation is also able to predict similar peak 
current and rise time trends, but requires similar iteration as 
with 3D tools to get a good match with the measurements. 
Based on SPICE simulations several parameters have a 
major effect on the discharge current waveform. The most 
sensitive values are C_EUT, L_usb and the delay of the 
reflected waveforms. Unfortunately, these values are also 
challenging to measure exactly and simulations with a 
simplified circuit may give too ideal results. 
Figure 19 shows an example SPICE simulation and 
measurement result for the 110 cm long cable without a 
ferrite. By using the measured RLC values it is possible to 
get a close match for the initial part of the pulse. However, 
this requires trials to tune delay values correctly.  
 



 
Figure 19: SPICE simulation and measured discharge waveforms 

for 110 cm long cable without the ferrite bead. 

Figure 20 presents SPICE results to study how parameter 
changes may affect the rise time and peak current. The 
waveforms show the initial part of the pulses with high 
frequency oscillation. When the capacitance of the EUT 
decreases the waveforms have more reflections, thus, 
making it challenging to predict the exact stress level at the 
monitored circuit node. In addition, SPICE simulation may 
not give realistic results anymore if the metal plate 
representing the EUT is replaced with a real product. Real 
products have non-linear electrical materials and internal 
reflections from their physical construction. In that case 3D 
simulation tools may produce more realistic results. 

 
Figure 20: SPICE simulation for a case study where the 
capacitance of the EUT vary between 45 pF and 330 pF. 

IV. Summary of the results 
Differences between the maximum and smallest observed 
values are presented in Table I for all the monitored 
discharge parameters. The table includes the following 
parameters: peak current, pulse rise time, peak power and 
the time to transfer half of the total energy through the 
ground connection. In addition, there is the variation of the 
transferred charge at the point of 50 ns and 100 ns. 
The values reported in Table 1 are valid only for the used 
test setups and may change if different ESD generators, 
USB cables and real products are used. The rise time and 
peak current are especially sensitive to high frequency 

oscillations of the ESD pulse. Larger and smaller size EUTs 
may also produce different test results. 
Based on the measurement and simulation results discharge 
waveforms can have major variation depending on the type 
of the cable and the way the cable is placed on top of the 
HCP. In addition, the capacitance of the EUT and length of 
the ground cable can give different resonance combinations 
leading to unpredicted stress levels during ESD tests. 
Capacitance of the EUT and USB cable will also easily 
vary when they are placed on top of the 0.5 mm thick 
dielectric on the HCP. It can be especially challenging to 
keep rigid cables flat against the dielectric. These 
uncertainties related to the ground path current should be 
also considered when doing IEC61000-4-2 qualification 
tests. 
Generally, ground cable positioning has less effect with 
large size EUTs with higher capacitance on the HCP. A 
ferrite bead along the cable decreases variation between the 
test setups and a short cable increases most of the stress 
parameters. 

Table 1. The maximum observed variation with the discharge 
parameters in percentage. The parameters are compared between 

discharges observed with 10 USB cables and two EUTs with 
varying capacitance. 

Parameter Varying [%]
Peak Current 40
Rise time 10-90% 70
Peak Power 80
Energy Transfer up to 50% 60
Charge transfer at 50 ns 30
Charge transfer at 100 ns 10  

To improve repeatability and coverage of IEC qualification 
tests the following methods could be used. These apply to 
EUTs with a ground connection. 

• Keep the ground cable well above the HCP so that 
small variations with the cable positioning will not 
change test results. Another option would be to 
tape the ground cable on top of the dielectric sheet. 
This is required especially with small size EUTs. 

• Test EUTs both with the shortest and longest 
practical ground cables. Place these cables both 
close and in far distance from the HCP. 

• Test EUTs with several different USB cables if the 
end user is able to select the type of the cable.  

• Use long fixed USB/ground/power cables with an 
integrated ferrite bead, if possible. 

• Estimate ESD stress levels by using simulation 
tools. 

• Increasing the thickness of the 0.5 mm thick 
dielectric on the HCP would most likely improve 
repeatability of IEC61000-4-2 standard 
qualification with small size EUTs. 



V. Conclusions 
In this paper we study with measurement and simulation 
methods how small changes with the IEC61000-4-2 test 
setup may change ESD stress parameters along the EUT 
ground cable connection. The stress level is evaluated 
based on the; discharge peak current, peak power, pulse rise 
time, and energy transfer along the USB cable. Tests were 
made by using different USB2 cables and two different size 
EUTs with varying capacitance to the HCP.  
Discharge parameters were found to have major changes 
when the type and length of the USB cable changes. In 
addition, by changing the capacitance of the EUT or cable 
on top of the HCP may significantly change some of the 
discharge parameters. The most sensitive parameters to 
changes were the pulse rise time, peak power and the 
amount of charge transferring through the cable during the 
initial part of the pulse. These parameters may vary more 
than 50 % when small dimensional changes are made on 
the test setup or when different USB cables are used for 
EUT grounding. It was also challenging to define simple 
rules to better predict discharge parameter changes. 
Discharge waveforms are a complex combination of ESD 
sources, EUTs, ground connection and environment. 
We show also that SPICE and 3D simulation tools can be 
used to model the behavior of ESD pules with different test 
setups, but it is challenging to get a good match with real 
life ESD current waveforms even when using simplified 
physical test setups. Simulations can still be used to 
estimate uncertainties related to the IEC61000-4-2 
qualification.  
There are some basic methods available to minimize the 
effect of test setup variation, but these are easily 
underestimated during product qualification. Therefore, it is 
recommended that test setup variations should be taken into 
account when estimating uncertainties of IEC61000-4-2 
ESD qualification.  
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