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Abstract:

High reliability electronic devices need to sust#iousand of Electrostatic Discharge (ESD) stressesg
their lifetime. In this paper, it is demonstratduhtt repetitive ESD stresses on a protection desigeh as a
bidirectional diode induce progressive defects thi silicon bulk. With “Sirtl etch” failure analigsstechnique, the
defects could be localized quite precisely at thapheral In/Out junctions. The degradation mechmsi during
repetitive IEC 61000-4-2 pulses have been invetgijan a protection diode with the objective of impng the
design for sustaining 1000 pulses at 10kV level.

1. Introduction

More and more portable electronics systems are
used for automotive and hand held applications like
telephony. Hence, components are submitted to harsh el
environments and human repetitive contacts. As a Srone
consequence, protection devices are placed ingide a_ ) - o
outside the integrated circuits (ICs) to protecitegns 19- 1 : Top view of the circular ESD protectionvite.

against Electrostatic Discharge (ESD) during theil |||
lifetime. To ensure excellent reliability level erding +
ESD, these components should in the one hand ysatis _é__l_
an ESD robustness superior to 10kV according t D L S W G~ L5 Contact
IEC61000-4-2 standard [1] and in the other hand * '\ / *

round Ground

InfOut junction

sustaining at least 1000 pulses of 10kV repeateid avi
1Hz frequency.

In this article, failure mechanisms during repeéti
ESD pulses on discrete protection diodes have bee_. i _ )
studied based on both physical and electricalig. 2: Circular ESD protection ESD cross section.
characterization. The ESD failure was localized by
“Sirtl etch” failure analysis technique whereas )I(V The circular diodes have been processed on the
characteristics enabled to assign an electricalasize = same P substrate, whereas In/Out and ground jusctio
to defects appearing during pulses repetition. have the same Ndoping (Fig. 2). In this device, the

The device under test and the stress procedures dfesubstrate is not connected.
presented in a first part. Then, electrical andsjdaf IC technology developments aim at smaller
characterization results are described. Finallypo tw devices, which represent a real challenge sincerabv
possible failure mechanisms based on the experahentauthors have shown that shrinking structure dinoerssi

P substrate

results are proposed and discussed. drastically reduces ESD robustness performancesn2]
this study, the distance D between the In/Out jonct
2. Devices under test and the ground one has been varied to investifege t

impact of this parameter on the ESD failure
In this study, the Devices Under Test (DUT) aremechanisms. Hence, the following distances have bee
“circular” bidirectional diodes used as ESD proiget designed: 35um, 45pum, 55um and 65um.
devices. They consist of two back-to-back diodes
arranged in a cylindrical symmetry (Fig. 1 and Q.
3. Test procedures and experimental results



The ESD stresses applied to the DUT of this study
follow the IEC 61000-4-2 norm conditions for an 12
Electromagnetic Compatibility [2], which is interdl&o
simulate a person discharging into a system while 135 |
holding a metal object [3]. Touching with a methjext
suggests that, at least for the early part of tkehdrge,
there will be a small resistance in the discharg n
addition to the arc resistance then leading torg kigh
current peak. When the air breaks down between the
metal and one pin of the Integrated Circuit (IQ)et
protection structure turns on and the capacitaficheo 10 ‘ ‘ ‘ ‘ ‘ ‘ ‘
person is discharged via the IC into ground. 8 % 40 45 50 55 60O 65 70

The IEC 61000-4-2 waveform produced by our Distance (m)

ESD tester is represented in Fig. 3.
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Fig. 4 :ESD Robustness for a single pulse as a function
of distance D.
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Considering the number of tested samples, a tight
distribution can be noticed in the robustness féixed
distance. In fact, 10.5kV <p¢ép< 11.5kV for all
distancesSince, the minimum level robustness is equal
to 10.5kV; an investigation on repetitive ESD bebav
can be done at 10kV, which is always sustainedlby a
back -to-back diodes samples.
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b. Repetitive pulses results

The repetitive pulse testing method significantly
Fig.3: IEC 61000-4-2 contact waveform from differs from the standard one and could be defied
NoiseKens ESS2000 ESD tester. new qualification procedure. The aim of the repetit
pulses study is to determine the number of pulseted

NoiseKens ESS-2000AX is the ESD simulator thathd, after which the diode is damaged with a given
allows applying single and repetitive IEC61000-4-2stress level applied in a repetitive way. Practjcahe
pulses on protection diodes with a 1Hz frequendy. A ESD voltage level is repeated with a pulse raters

tests in this work are realized in contact diSCharg pu|se per second. The V0|tage po|arity is a|WayS

mode. . ' ] ] positive at the in/out junction, since by device
During electrical or ESD tests, protection diodesgeometry, the negative robustness exceeds NoiseKens
are connected and polarized as shown in Fig. 2. tester stress capability (30kV).
. The same strict degradation criterion is defined as
a. Standard ESD testing results any I(V) characteristics change like in the singlése

case. The ESD robustness for repetitive stress

Three positive pulses followed by three negativecorresponds now to the number of pulses sustaiged b
ones have been applied to the devices to evalbate tthe protection device just before electrical failat a
single-ESD-robustness level £y). This robustness given stress voltage.
testing procedure corresponds to the standard | Fig. 5 the repetitive robustness results arevsho
qualification method as opposed to the repetitiuts®  for 10kV and 10.5kV IEC voltages.
method presented in the next section. The sin§B-E The measurements data of Fig.5 have been
robustness level is defined as the minimum stressl | optained after a statistical treatment from 17 gxtion
applied in successive three zaps which induces amjevices robustness measurements for each different
change in the I(V) initial characteristic. distance value. Weibull statistical distributionsHaeen

In the following test results, the applied stressexploited to take into account that some samplesat
voltage begins at 5kV stepping up by 0.5kV. The®fo degraded by 1000 ESD zaps in order to analyze the
Vesp have been defined as the minimum stress voltageumber of pulses leading to failure. In fact, the
after which any reduction of the breakdown voltage description of statistics using Weibull distributjo
any increase of the leakage current is observettién \yhich is a distribution in In(x), is appropriaterfa
protection device I(V) characteristic compared e t statistic study of reliability data. The improved
initial electrical measurement. repetitive stress robustness with the distance blean

Ten devices have been studied for each distance §lobally shown in spite of robustness dispersion.
and the averageg¥p is summarized in Fig. 4. It can be Therefore, these results confirm that shrinkingséhe
noticed that ¥sp slightly improves with the distance D. protection device sizes reduces the ESD robustoess



protection components, both for single and repetiti to proceed to the physical characterization of ddegd

stresses. diodes.
1200 e 4. Physical failure analysis
s e of i hcal anaivas i
000 | The objectives of this physical analysis is firdiby

localize the failure, and then to determine theedef
nature. Here, results are shown for protection aesvi
degraded by repetitive 10kV IEC pulses. Several
methods such as OBIRCH (Optical Beam Induced
Resistance Change), EMMI (EMission Microscope)
have been exploited without success because defects
illumination is covered by the metal layer and the
leakage current demanded to detect failures is high

Nbd (pulses)
[=2]
8
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Distance (um) compare to the back-back leakage current.

A chemical decoration method called “Sirtl etch”
allowed revealing the failures. Fig. 7 shows melted
filaments generated in the silicon bulk by repeiti
ESD stresses.

Fig. 5: ESD robustness for 10kV and 10.5kV repetitive
pulsesas afunction of distance D.
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Fig. 6 : Quasi-static TLP characteristic (100nsspdl [§
measurement) of studied protection devices showing
resistance increasing with D.
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It is very interesting to consider the impact oé th
above results on the usual way of designing ESI
protection strategy. Given the increase of the on
resistance By with distance D (Fig. 6) and the single
pulse robustness (Fig. 4), the ESD engineer magseho
the lowest distance D device to protect a circhitt [
could for example sustain a maximum voltage of 45V
He may consider thedg benefit being more important
than the slight increase in ESD robustness. Bud th
selection is in fact sub-optimal regarding repedite SD
robustness. Indeed, for application in the fielde t
product designed using the device with shorteradist
D will only survive to about 40 stresses at 10kVileh
the protection device with longest distance D would
survive more than thousands ESD stresses at the sam
level (Fig. 5) , , _ Fig. 7: Failure analysis on 35um (a) & (b), 45um

Comparing the behaviour of single and repetitivecy ¢ (d) and 55um (e) & (f) circular ESD protectio

robustness versus distance D (Fig. 4 and Fig. ), Wiodes degraded by 10.5kV repetitive ESD stresses.
could assume distinct failures mechanisms. In fiet,

ESD robustness level voltage in the standard test i
apparently higher than in repetitive mode. However
given the number of single pulsed samples, thi
statistically does not allow concluding strictly d¢imat
observation.

To investigate further the failure mechanisms
occurring during repetitive ESD stress, it is iesing

After a complete removal of the metallization, the
Sirtl etch procedure enables to expose the sillmdk.
Failure locations are then visualized with a Scagni
Electron Microscope (SEM) and they clearly
correspond to buried melted point not visible befor
chemical decoration. For all distances, from 35jom t
65um, failures are localized at the periphery & th



In/Out junctions. A zoom of melted filament in Fig.

other hand, the ESD degradation could be based on a

also allows distinguishing around the melted filatme defect created during the 75 first pulses but aeéaled

triangular defaults suspected to be dislocatiohs [4

electrically [5]. At this point in time, experimezit

The observed ESD failure signature is apparentlyesults do not allow favouring one of these two
always related to a single melted filament. So, tdypotheses.

thoroughly examine the evolution of these ESD dsfec
during pulses repetitions, electrical characteigrat

have been carried out.

5. Electrical Characterization

The step-stress after the 75 pulses leads to a
progressive degradation that seems to reveal aiggow
defect density creation with additional stresses A
ultimate degradation state is completely reachednwh
the I(V) characteristic becomes almost unchangest af
130 pulses. Therefore, the defect is establishedl an

The typical I(V) characteristic evolution observedresult on an irreversible failure.

for a protection device degraded by repetitive 10kV

As described in section 4, these failures have been

stresses is presented in Fig. 8 for D=45um. A simil visualized from physical analysis. Their localipatiis

evolution of the electrical degradations is obtéditfier

always found to be in the periphery of the In/Out

protection devices studied from D=35um to 65umyonl junction. By correlating the physical analysis testo

the number of pulses before degradatisi)(differs.
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Fig. 8: Electrical evolution of latent defects hwia
linear (a) and logarithmic (b) scalar for 45um olex
diode degraded in Fig. 7 (c) & (d).

The I(V) evolution presented in Fig. 8 has been

obtained by recording the static electrical behawiof

the diode after applying ESD stresses by stepsvef f
repetitive pulses. Considering the strict repetitilevice

degradation criterion defined in section 3.a., degice

the electrical ones, we can propose a final degi@da
scenario based on the growing of the original dsfec
size in the periphery of the In/Out junction, lesgli
finally to a short circuited junction once a crticlefect
size has been reached.

7. Conclusion

This article describes, through physical and
electrical characterizations, the failure mechasiswh
discrete ESD protection devices subjected to reypeti
ESD pulses. Electrical degradation behaviour and
melted filaments appearing in the silicon bulk rdee
that ESD defects appear and grow during pulses
repetition. Repetitive ESD testing allows to dramew
and original conclusions for protection design.
Furthermore an approach of defect evolution has bee
established in this article. Unfortunately, the ESD
defect nature is not physically visible. Nevertissle
investigations continue through innovation of new
protection diodes design for sustaining repetithés&V
IEC pulses and improving the understanding of && r
defect nature and origin.
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