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The electrostatic discharge (ESD) protection is pivotal for advanced CMOS technologymanufacturing. Today, sev-
eral robust solutions are available on the market with sufficient robustness and compliance with the ESD win-
dow. In the context of solution optimization and exploration of the initial performance limits it is interesting to
investigate a protection beyond its initial feature specification (the usual target is: 1 kV HBM, 250 V CDM).
This analysis contributes to a better understanding of the internal behaviour and allows us to push the final per-
formance limits of the device. This study is based on a single SCR/diode device where ESD and EMI in the device
are extracted to localize the possible weak spots. 3D simulation approach allocates the potential damage loca-
tions that are confirmed by failures analysis. The results are useful for improving the device robustness against
ESD events and lead tomore competitive design.Moreover, it iswell known that the failmechanism involves sev-
eral physical, electrical and layout parameters with their variabilities.We conclude that additional information of
magnetic field intensities and current densities are useful to enhance the understanding of the failure events.

© 2017 Published by Elsevier Ltd.
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1. Introduction

Electro-Static Discharge (ESD) stress is a key challenge due to down
scaling in advanced CMOS technology. Due to the technology shrink, the
intrinsic device robustness decreases and reduces the ESD window [1].
Today, the usual target is 1 kV for HBM and 250 V for CDM. Several so-
lutions are available on the market with good performance and silicon
integration compatibility. In the context of solution optimization, it is
interesting to explore the initial feature limits of an ESD device protec-
tion. By pushing the stress or initial specification towards limits it will
be possible to have a better knowledge of the internal device behaviour
and to improve the solution. In this study, a well-known robust ESD so-
lution using a silicon controlled rectifier (SCR) and a diode is investigat-
ed [2–4]. Fig. 1 gives the ESDdesign, the SCR anddiodedevices aswell as
the 3D structure set up in TCAD. The study modulates the triggering
event in order to allocate possible vulnerable spots inside the structure
beyond the normal use range. A 3Dnumerical simulation tool suite [5] is
used that includes the evaluations of electro-magnetic (EM) fields (EM)
and the impact of the Lorentz force (LF).

The tool suite couples these variables in a self-consistent manner
with the carrier transport equations in silicon.

The simulation tool finds possible weakest spots in the design. Next
a failure analysis is performed and a correlation is found between the
numerically identified weakest spots and the actual structural failures.

The numerical study is launched withmodifying the external equiv-
alent R trigger circuit to impact the device robustness limits. In this way
the protection efficiency is monitored. This planar device integration is
manufacturable in bulk or in hybrid bulk FD-SOI CMOS technology.

2. 3D TCAD tool overview

The study will be done using the DevEM simulation tool [5] and by
launching its 3Delectromagnetic (EM)field and Lorentz force (LF) capa-
bilities. The tool solves theMaxwell equations that are in the tensor no-
tation presented in Eq. 1–4:

∂μ Fμν ¼ −4Π Jνand ∂μ � Fμν ¼ 0 ð1Þ

The Faraday tensor is

Fμν ¼ ∂μAν−∂νAμ ð2Þ

Microelectronics Reliability xxx (2017) xxx–xxx

⁎ Corresponding author.
E-mail address: Philippe.galy@st.com (P. Galy).

MR-12490; No of Pages 5

http://dx.doi.org/10.1016/j.microrel.2017.06.073
0026-2714/© 2017 Published by Elsevier Ltd.

Contents lists available at ScienceDirect

Microelectronics Reliability

j ourna l homepage: www.e lsev ie r .com/ locate /microre l

Please cite this article as: P. Galy,W. Schoenmaker, Exploration of robustness limits and ESD EMI impact in a protection device for advanced CMOS
technology, Microelectronics Reliability (2017), http://dx.doi.org/10.1016/j.microrel.2017.06.073

http://dx.doi.org/10.1016/j.microrel.2017.06.073
mailto:Philippe.galy@st.com
Journal logo
http://dx.doi.org/10.1016/j.microrel.2017.06.073
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/microrel
http://dx.doi.org/10.1016/j.microrel.2017.06.073


with the four-vectors

Aν ¼ ϕ;Að Þ and Jν ¼ ρ; Jð Þ ð3Þ

The Lorentz gauge condition is used.

∂νA
ν ¼ 0 ð4Þ

The total force acting on carriers that takes into account the Lorentz
force is

F tð Þ ¼ qE tð Þ þ qv tð Þ � B tð Þ ð5Þ

The electric and magnetic fields are given by

E ¼ −∇V−∂tA and B ¼ ∇� A þ Bext ð6Þ

In the silicon regions, the current densities aremodeled according to
the classical drift-diffusion modeling without thermal gradient effects.
With the inclusions of the Lorentz force included the current densities
are

Jn;p ¼ q μn;p n;p Eþ vn;p � B
� �þ =−k T μn;p∇n;p ð7Þ

The subscripts n and p refer to electrons and holes.
The current-continuity equation, is

∇ � Jn;p ¼ −∂t ρn;p þ U ð8Þ

The charge densities are ρ n(V, ϕn) and ρp(V,ϕp) in local thermody-
namic equilibrium and the carriers distributions are related to the

imreF levels ϕn and ϕp according to

n;p ¼ ni exp: q=kT þ=−V−=þ ϕn;p

� �h i
ð9Þ

To account for non-equilibrium, the recombination/generation rate
in siliconmaterial, U= R−Gwe use the SRHmodel. The current densi-
ty in metallic regions takes the form

J ¼ σ:Eþ μHσE� B ð10Þ

using the approximation |μHB|≪1. Special attention is payed to the
mesh in the metal and silicon regions to avoid convergence issues. The
next section deals with the limit exploration and possible improvement
to optimize the structure. This is a continuation of the work reported in
[6–8].

3. Positive ESD stress, SCR protection mode

In this section, the ESD stress is positive to activate the SCRmode. An
important parameter is the triggering point where the trigger circuit
should be considerate as an equivalent resistance on the SCR gate. The
IV response is investigated through 3 resistance values R0 N R1 N R2 to
evaluate the impact on the protection and the robustness beyond the
initial feature specification. Fig. 2 reports the IV curves for all trigger re-
sistance and the circuit topology. Obviously, the threshold voltage Vt1 is
high for a high value of resistance.

Depending on the resistance value, the dynamical response differs
and the physical phenomena inside the structure are also different.
For example, Fig. 3 gives the magnetic field extraction in 3D for the
same stress but for these three resistance values. The maximum mag-
netic field B reaches around 80 mT.

It is interesting to extract the magnetic field in the silicon region to
evaluate its impact according to the triggering event. This is linked to
the ESD event and to the resistance value. Fig. 4 depicts the magnetic
field in the silicon region for three time instances of the ESD event and
for the two extreme resistance values R0 and R2. The impact is not the
same as shown below.

Fig. 1. ESD design, SCR + diode devices & 3D TCAD topology.

Fig. 2. ESD IV responses for R0 N R1 N R2. The desired triggering is for R1 and R2 depending
on load. Fig. 3. 3D magnetic field distribution for R0, R1, R2.
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