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Abstract— The setup and the pulse generator for automotive
component ESD testing are defined in the standard (3 10605.
Usually the DUT is placed directly on a horizontal oupling plane
(HCP) or on a dissipative mat and the ESD generatoris
discharged via the DUT pins applying different chargng
voltages. The variance of test results in automot&ESD testing is
high and one can not be sure if the components asave from
ESD failure during lifecycle. Newer grounding concefs and the
more frequent use of dielectric housings may affedhe testing
results further. The influence of setup is analysedin this
document considering 3 different cases. ESD failummechanisms
often can be referred to cable discharges with verghort rise
times. To consider such threats often the transmisan line pulser
(TLP) is discussed as an alternative testing devic€he impact of
TLP testing, where cables or wires are discharged, isompared
to standard ESD testing devices.

I.  INTRODUCTION

Deviant results in system level ESD-testing somesircan
be referred to only small variations in the tegtsetups or of
the pulse generators. Furthermore the influencesarhe
details on the test standards is not clear. Depgpodi the test

specification different DUT grounding methods came b

requested. In the basic setup for packaging andilimgn
according to 1SO 10605 test standard a horizorapling
plane (HCP) is specified on which the DUT is plagéthout
additional wiring directly on the HCP. The grouredurn path
depends on the electrical connection between tlhetepr
circuit board and a metallic housing, when used, tror
distance an arc has to break through, in casertanductive
housings.

The presented investigations show, that the grawgniti a
test setup has a significant impact on the maxinhenel of
charging voltage without destruction of the DUT. ifigprove
the reproducibility of ESD-testing on system-levéie
standardization of a better defined setup is dsedis
The pulse generators for automotive ESD-comporesting
take also an important part in a testing setup. tfEeedevices
are specified in the standards IEC 61000-4-2 ar@l 18605

by a description of some constructional details alettrical
characteristics.Sometimes testing results showperdiency
on the used IEC ESD-generator. Although all geoesat
fulfill the standard, the DUT may show failure beloa at
different charging voltages. In [1] the interactibetween the
DUT and IEC ESD generators is analyzed. Here tiaréa
mechanism can be referred to the resonance enhdieded
coupling which differs when the testing device isctiarged
at various angles. In this way the big varianc&8D testing
results mostly are not correlating with the pararet
specified in the standard like rise time, peak entrmwhich are
verified at a current target of about(2impedance. For
additional investigation of this phenomenon the efaums of
three different ESD-generators were recorded with same
setup and different load conditions to figure dwe tmpact of
the DUT impedance on the waveform [2]. Addition&[3
resistors and capacitors were soldered into a digehcurrent
path on a special board which can be mounted direct a
current target to ensure a good electrical conoectiith
negligible parasitic effects. The discharge voltages set to
1 kv and the discharge was recorded with a 6 GHz
oscilloscope. In the case of only ohmic loads ia turrent
path, the maximum measured current amplitude dsesea
with a rising resistance to less than 10 % of fhexgied peak
amplitude of 3,75 A for 4,7(. For loads above 1¢k the
measured waveforms of each pulse generator shesoamant
ringing at the first peak current.
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Fig. 1 Measured deviations of different ESD getwesarelated to Noiseken
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Fig. 2 Testing configuration: DUT housingFig. 3 Testing configuration: DUT housingFig. 4 Testing configuration: DUT housing
connected to HCP isolated, GND-pin connected to HCP isolated, no connection to HCP

In Fig. 1 the deviation of the maximum peak amplitsi of

behaviour of the devices could be detected. Thatpeesults

a Schaffner NSG 438 and Schléder SESD 30000 IEC ESBow a dependency on the applied grounding comdiiay. 2,
generator are compared related to a Noiseken TC-&if. 3 and Fig. 4). The lowest charging voltage tauses a

generator. For high resistances in the current patbviation
of more than 70 % was measured with respect tdoivest
amplitude.

[I.  ANALYSIS OF TESTING SETUPS

In this chapter the impact of different groundingncepts
with respect to the testing setup are investigatedr
automotive ESD testing 3 typical configurations cha
figured out.

A. Comparison of grounding concepts

1) Grounding Concepts
» DUT housing connected to HCP

failure is 7 kV in the configuration where the DU placed
on the ground plane. With a connected ground pi@ th
charging voltage level leading to failure increases9 kV.
Another level of 12 kV can be reached if the DUTsislated.
Note that in this case the applied charging vokaaye spread
over 4 kV and the test reproducibility is low.

3) Current measurements

To analyse the impact of the test setup, the ctisbapes
of different pulse generators were recorded forheak the
described grounding concept. The measurements were
performed using a modified automotive ECU with atahe
housing where a part of the original PCB near thenector
was removed and replaced by small rectangulamtg&tbard

Fig. 2 shows the basic setup where the DUT is placgf 3 cm and 5cm edge length, in order to placenddf

directly on the coupling plane. The PCB is conngdtethis
case to the housing. Often additional capacitoessatdered
between PCB ground and housing screws for EMQrifilte
* DUT-GND-PIN connected to HCP
In Fig. 3 the ground pin of the DUT is connectedthe
coupling plane. The housing is isolated against gremund
plane. High ESD current pulses can be lead to gtouia
parallel ESD-protection elements.
» DUT isolated
According to Fig. 4 there is no direct path to tmipling
plane. The reference potential of the DUT is nofindel
during the ESD-test. Mainly the board to HCP cataacie
defines the current path to ground.
The impact of the grounding concept during ESDstést
explained by a testing series and analysed by measut
using a realistic setup.

2) Detecting the failure level of automotive ECUs

A testing series was performed with an automotivieag-
ECU. Five units were each tested at the same fintigei same

setup with an ESD robot system to assure a high ( DUT with metal housing

reproducibility. During the test the charging vgkaof the
IEC generator was increased in steps of 1 kV uaflure

termination impedances and a current probe.

The integrated testing board which is shown in Fg.
contains a 5@ PCB trace surrounded by a layer which is
connected to the ground layer of the ECU PCB. OG¥ Bin
was connected to the PCB trace so that the pulsergir can
be discharged directly via a pin of the ECU conoeoutside
the housing. A 1@, 100Q or a 1K) SMD resistor was
soldered into the current path between the strip dnd the
ground surface. Thus a realistic measurement setap
created considering the influence of the ECU piRCB trace
and finally the grounding.
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Fig. 5 Measurement setup: Integrated testing buwséttd resistive loads and
current probe



Lrn=3nH  Transmission line  lsim 1kQload
measuring the injected current with a Tektronix €Pprobe ffa?g?:; 5;32;; 5oov§
for 500 V charging voltage of the pulse generalar.isolate
the DUT from the coupling plane a layer of 1 cmystjrene l T
was used. The connection from the ground pin tdG®& was = HeP HCP =
reahzed_by a wire of 10 cm length and 0,5 mmz aitem Fig. 8 Simulation setup for the estimation of @B to HCB capacitance in

The rise time, peak current and the maximum cham® .ase of an isolated DUT

calculated for each grounding concept. Fig. 6 aigd Fshow
the deviation between the different grounding ctiods for i
one ESD generator for the example of the peak ouaad influence of the capacitance between ground plédnBGB

peak charge. The values are related to the setigrewthe and HCP i_s shown in Fig. 9._ In case of the isoldddr the
DUT is placed directly on the HCP. peak amplitude and the fall time decrease. Thegehegaches

about 10 % of the non isolated case. A part ofdherge is
conducted through the ground cable of the ESD geoer

Z=50Q,I=5cm
Cisolation= 15 pF

The waveforms were recorded with a 6 GHz oscillpeco[

By comparing the simulated and measured wavefohas t
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Fig. 6 Measured peak currents of IECFig. 7 Measured charge of IEC
pulse related to the setup with DUT  pulse related to the setup with DUT
housing connected to HCP housing connected to HCP

The measured peak currents with an isolated DUThrea
about 60 % in comparison to a non isolated devisethe Time [ns]
ground pin connected nearly 90 % is reachable. Waipect rig 9 comparison of measured and simulated wavetaith isolated and
to the charge the difference between the concepterbes non-isolated DUT with 1® load
more significant. Only 10 % of the transmitted djaar
regarding an isolated DUT was measured. A connectio !l COMPARABILITY OF [EC ESD-GENERATOR ANDTLP
between the ground pin and HCP ensures that thelfatge In most cases the main part of a TLP forms @5axial
is transmitted to the DUT. Nevertheless the measaharge cable which is charged and discharged via a switchelay
decreases with an increasing impedance. like in an IEC generator. This form is mainly uség
The rise times of the pulses increase about 30Mhpssemiconductor manufacturers where a DUT can beesmdd
comparison to the measured values attairrent target for on a testing PCB and the shield of the coaxial ealaln be
pulse verification. No difference was observed leetwv a connected directly to the PCB ground plane. A shaulse
connected ground pin and a non-isolated DUT. Theeethe with very short rise times can be conducted with losses.
effect can be referred to the ECU pin and the P@€®Bet Due to ESD failure of automotive systems caused by
representing an additional inductivity in the catrpath. With discharges of wiring harness, the TLP also is dised as an
higher loads the ringing increases and leads toedsing rise alternative testing device [4]. In this way ESDtiteg could be
times. also performed with very sharp pulses and lowes times
4) Simulation than the IEC generator. _ .
An additional testing series was performed with shene
The impact of an isolated DUT without any connettio setup presented in section Il. Two ESD generataes a
the coupling plane was analysed by simulation forla€Q compared with a 5@ coaxial cable and a single wire
|Oad. F|g 8 ShOWS the Simu|ati0n Setup fOI‘ thd& tase W|th discharge as Shown in F|g 5. First the Conduche
an iso_late_d DUT. The isolation is mod(_elled by aniitjdnal discharged directly via the DUT pin. The impedandethe
capacitor in the ground path. The charging voltaige simple wjire was set to about 230 by separating it from the coupling
ESD generator model was set to 500 V [3]. The pfits¢ pjane by 3 cm polystyrene. The voltage of the Hurse was
propagates through the DUT pin which is considewétl an et tg 500 V.
inductor of 3 nH. For the PCB trace on the testiwgrd @  Fig. 10 and Fig. 11 show the results of the measpesak
50Q lossless transmission line model with 5 cm length cyrrents and rise times in relation to a Noisel&@ yenerator
applied. for 100Q load. Due to the low impedance the measured peak
current of the coaxial cable discharge exceeds%300he



ratio gets more stable for testing devices with hbig
impedances, but the charged single wire still reachearly
200 % of the Noiseken generator. Typical measusedtimes
for the charged wire are about 200 ps. Thus th@ rat
comparison to an IEC generator is significantly .IoRise
times of coaxial cable discharges can be comparech tiIEC
ESD generator for typical automotive ESD testinmiss.
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Fig. 10 Measured peak currents of different testievices related to the
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Fig. 13 Deviation of measured peakFig. 14 Deviation of measured rise
currents for a dataset of 20times for a dataset of 20 discharges
discharges with 100 load 1009 load

V. CONCLUSION

The results of the testing series of section Il barexplained
well by the outcome of the analysis performed anaalified
ECU. The measured flown charge in case of an sol&XUT
reaches only about 10 % of the non-isolated casethé
presented investigations the influence of the tgmtacan be
modelled by an additional 15 pF capacitor in theugd path.
A significant impact of an isolated DUT with a cewted
ground pin concerning the charge, rise time or paakent
was not observed compared to a non-isolated DUTayo
some TLP systems exist which even have been adaptbd
standardized IEC pulse shape [5]. For automotivpgses it
is difficult to connect the coaxial structure ofetiLP to a
standard ECU connector. One solution could be tmect the
shield of the coaxial cable directly to the HCPhwit wire.

Fig. 11 Measured rise times of different testiegides related to the Noisken The drawback of this solution is a reduced riseetitiat is

ESD generator for 10Q load

IV. NEW PROPOSAL FORPACKAGING AND HANDLING TESTING

Basic investigations have shown that the curreapshof
pulses from a coaxial cable is mostly dependinghemuality
of the ground connection which affects directly thelse
shape. An alternative setup which avoids a deperyden the
grounding path could be the discharge of a singte ke it
is shown in Fig. 12.
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Fig. 12 Possible setup for single wire dischargigls low rise times

Here the HCP is used as a current return path hed
impedance of the testing device depends on thantistto the
coupling plane. Investigations have shown thataépcible
pulses can be generated by using a spark gap piitérisal
electrodes. Fig. 13 and Fig. 14 show the standavihtion of
a dataset of 20 discharges via a spark gap ansirtide wire
ending for the peak current and the rise time. &charging
voltage of 2000V the standard deviation of the nadiy
performed testing series is about 2 % in case efige time.
Further reduction of standard deviation is possilg
irradiating the gap with ultra violet light.

influenced by the additional inductivity in the grad path.

A single wire discharge is proposed as an alteredésting
method for automotive component ESD testing. A lIstab
waveform is obtained by the use of a spark gap witfall
spheres. The impedance of the charged wire cardjusted
by changing the distance to the horizontal couptilame.
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