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High speed ESD protection for RF circuits:
Innovative co-designing strategy between FEOL

and BEOL devices in advanced technology
T. Da Costa Guedes Member, IEEE , J. Bourgeat, J.-M. Duchamp Member, IEEE , M.J. Barragan Member,

IEEE , P. Ferrari Senior Member, IEEE

Abstract— This paper presents an innovative electro-
static discharge (ESD) protection concept based on the
integration of gated diodes within metal-oxide-metal (MOM)
capacitors, targeting radio-frequency (RF) applications in
advanced CMOS technologies. The proposed ESD capac-
itor maintains a high quality factor (Q) while providing
robust protection against fast transient events, such as
those qualified by the charged device model (CDM). The de-
sign leverages miniaturized gated diodes and a co-design
approach to preserve RF performance without area over-
head. Characterization results, including Transmission-
Line Pulse (TLP), Very Fast TLP (VF-TLP), and Capaci-
tively Coupled TLP (CC-TLP) tests, demonstrate superior
robustness compared to unprotected circuits, with failure
currents exceeding 15.1 A in simulations and above 13 A in
measurements. The integration of the ESD capacitor into a
low-noise amplifier (LNA) operating in the 6–12 GHz range
confirms minimal impact on RF parameters such as gain,
noise figure, and input matching. These results validate the
effectiveness of the proposed solution for high-frequency
ESD protection in scaled CMOS technologies.

Index Terms— ESD, RF, Diode, MOM, Capacitor, Q-factor,
LNA, TLP, VF-TLP, CC-TLP, CDM.

I. INTRODUCTION

W ITH the rapid advancement of microelectronics tech-
nologies, circuits have become increasingly sensitive

to ESD events due to the continuous scaling down of device
dimensions, which increases their vulnerability to external
disturbances that directly affect circuit operation [1], [2].
Currently, device dimensions are on the order of tens of
nanometers or smaller in the most advanced nodes, making
ESD protection design a critical research area [3], [4]. To
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ensure optimal device functionality, it is essential to maintain
the integrity of transistors within the integrated circuit (IC).
However, the reduction in the gate oxides thickness and other
insulating layers in advanced technologies has increased sus-
ceptibility to overvoltage-induced failures, potentially result-
ing in catastrophic damage caused by ESD events occurring
between input, output, or ground pins [5], [6].

This technological scaling has also enabled the reduction
of supply voltages for MOS transistors and decreased the
voltage tolerance before breakdown, thereby increasing their
sensitivity to ESD in RF circuits such as LNA and also power
amplifiers (PAs) [7], [8]. Protecting active circuits operating
at RF frequencies, particularly in the tens of giga hertz (GHz)
range, presents significant challenges.

These challenges are related to discharge characteristic
times, and hence events spectrum, considered in several mod-
els, each having a characteristic rise time. For example, slower
events such as those characterized by the human-body model
(HBM) have a standard rise time of 10 ns [9], equivalent to
100 MHz, which allows passive components like baluns or
transformers at the input to effectively filter these events if de-
signed for frequencies near 10 GHz. However, fast discharges
following the CDM, defined by their 100 ps rise time, exhibit
spectral content extending to frequencies above 10 GHz, and
can propagate through the balun, potentially causing severe
circuit damage [10], [11]. Consequently, the development of
advanced ESD protection design methodologies that ensure
both high RF performance and robustness against fast transient
events is imperative.

Furthermore, other considerations are critical in circuits
such as LNAs, where the additional area and parasitic ca-
pacitances introduced by conventional ESD protection devices
degrade RF performance at frequencies above the GHz range
[12]. Consequently, numerous studies have proposed device-,
PAD-, and circuit-level ESD protection solutions focused on
minimizing parasitic capacitance while enabling broadband
operation. However, these approaches often face limitations
such as operation only above 10 GHz, protection targeting
solely the HBM model, increased area cost, high parasitic
capacitance values, or low CDM current handling capability
of the protection strategy [13]–[20].

To mitigate these issues, the impact of additional area and
parasitic capacitances requires, at a minimum, the redesign of
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the RF circuit to accommodate these extra parasitic elements,
as well as the relocation of conventional components along-
side new ESD protection devices. Nevertheless, performance
may still be compromised due to the extra losses and noise
introduced by these devices [19], [21].

Based on these results, this paper proposes an innovative
concept for ESD protection by the integration of diodes within
metal , called ”ESD capacitor”. Metal capacitors, which are
extensively used in RF circuits for impedance matching and
decoupling, offer an unique opportunity to incorporate ESD
protection directly into the circuit design due to their simple
structure and high Q. This approach not only simplifies the
design process by eliminating the need to add separate ESD
protection devices after circuit design, but also ensures that
protection is inherently integrated from the outset, without any
area overhead, while potentially improving the Q and reducing
introduced noise compared to standard protections.

In contrast to the work presented in [22], this paper explores
the integration of the proposed solution across multiple tech-
nology nodes, specifically 28 nm and 18 nm processes. Various
design variations are investigated, broadening the applicability
of the approach to different use cases. Furthermore, the study
includes a detailed analysis of diode miniaturization, as well
as a comprehensive experimental procedure encompassing full
circuit measurements under ESD events and precise character-
ization of RF parameters.

The paper is organized as follows: section II introduces the
elementary components and discusses the impact of electro-
static discharges across different nodes technologies, focusing
on Fully Depleted Silicon On Insulator (FD-SOI) technologies.
Section III describes the proposed ESD capacitor, focusing
on the integration methodology between the elementary com-
ponents presented in Section II. This section also covers the
ESD behavior of the capacitor, RF parameter extraction, and Q
analysis. Section IV presents the application of the component
in a LNA, including an evaluation of ESD performance
comparing wafer-level and packaged results, as well as its
impact on RF performance. Finally, Section V concludes the
paper.

II. TECHNOLOGY IMPACT AND ELEMENTARY
COMPONENTS

This section introduces the challenges and impacts associ-
ated with different nodes in FD-SOI, as well as the funda-
mental components involved in the design of the proposed
innovative protection scheme.

A. Impact on different FD-SOI nodes
FD-SOI technology, with silicon over buried oxide (BOX)

and a fully depleted channel, reduces parasitic capacitances
and improves performance and power consumption [23], [24].
In the FD-SOI process, the BOX is a standardized buried oxide
insulating layer within the SOI wafer. This layer is fabricated
during wafer production and comes pre-integrated. However,
FD-SOI requires access to the substrate to manage the back
bias of MOS transistors or to fabricate bulk devices. For this
purpose, an additional mask is necessary.

STI STIN+

BOX

N-well

Oxide P+

Substrate P

Fig. 1. N-gated diode for ESD protection 3D view.

However, the BOX layer electrically isolates the channel
from the bulk substrate, limiting the natural path for ESD
current dissipation through the substrate. This necessitates
specific ESD protection solutions that account for the reduced
capacitance and isolation provided by the BOX.

Among the FD-SOI technology generations, the 28 nm and
18 nm nodes present significant differences that impact ESD
protection design. The 18 nm FD-SOI technology, being more
advanced and featuring smaller dimensions, offers higher
integration density, lower parasitic capacitance, and improved
electrical performance compared to the 28 nm node. However,
the dimensional scaling also intensifies challenges related to
leakage current control and the rapid dissipation of transient
charges, requiring an even more refined design of ESD protec-
tion devices. Additionally, the BOX layer in more advanced
technologies tends to be thinner, which can alter isolation
characteristics and parasitic capacitance, directly impacting the
effectiveness of commonly used protection solutions (diodes,
SCR, ggNMOS) [25], [26]. Thus, the transition from 28 nm
to 18 nm FD-SOI technology demands specific adaptations to
maintain robustness and efficiency of ESD protection without
compromising circuit performance. In conclusion, in the con-
text of ESD protection, FD-SOI technology requires careful
design to balance the reduction of parasitic capacitances with
the need for efficient energy discharge paths.

Given these technological variations and the challenges
associated with the efficient dissipation of transient currents,
it becomes essential to explore specialized devices capable
of providing robust and fast protection. In this context, gated
diodes emerge as an effective solution, integrating a MOS
gate structure that significantly enhances the response to ESD
events, as detailed in the following subsection.

B. Gated diode ESD protections
Gated diodes are specialized semiconductor devices de-

signed to enhance ESD protection by integrating a MOS gate
structure within the diode architecture. The N-gated diode is
derived from an NMOS transistor, where the conventional N+

source is replaced by a P+ anode [27], as illustrated in Fig. 1.
This diode features a reduced spacing between the MOS

gate and the junction regions, which shortens the transit
path for minority carriers, significantly improving transient
response by reducing voltage overshoot during triggering
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Fig. 2. MOM capacitor 3D view.

events. Furthermore, the enhanced performance is attributed
to the MOS gate’s ability to confine and control carrier flow,
minimizing forward recovery effects. The shorter carrier transit
time enables a faster conduction onset, making gated diodes
particularly effective against fast and high voltage ESD, such
as CDM events [21], [24], [28].

In summary, gated diodes provide a compact and efficient
solution for ESD protection in advanced CMOS technologies,
combining fast response, reduced voltage stress, and increased
robustness, which are critical for safeguarding sensitive inte-
grated circuits. However, these devices exhibit a significantly
lower Q compared to components such as capacitors, as
discussed in the following section.

C. Metallic Capacitors

Metallic capacitors are key components in RF circuits. One
of the main types used is the MOM capacitor, which consists
of alternating layers of metal and oxide [29], as illustrated
in Fig. 2. These layers are oriented along different axes to
optimize capacitance density, compactness, and overall circuit
performance. MOM capacitors are widely employed due to
their excellent high-frequency characteristics and low manu-
facturing cost, making them suitable for RF applications [29].

Compared to metal-insulator-metal (MIM) capacitors,
MOM capacitors offer advantages such as lower fabrication
complexity and cost, since MIM capacitors require additional
layers in the manufacturing process. Moreover, MOM capac-
itors provide high capacitance density, simple layout, and an
extremely high Q, facilitating integration in integrated circuit
technologies [30].

To enhance the Q of ESD protection, minimize the impact
on RF performance, and ensure robust circuit protection, the
integration of gated diodes with MOM capacitors is proposed
in this paper. This approach is detailed in the following section.

III. COMPONENTS INTEGRATION FOR ESD CAPACITOR

Considering the protection capability of gated diodes and
the high performance of MOM capacitors in high-frequency
applications, an integration of diodes within these capacitors
has been implemented. The objective is to preserve the ca-
pacitor’s Q while providing ESD protection through diodes
positioned at the bottom layer, thereby enabling a direct co-
design between RF and ESD components [27].

To design and develop the co-design of the ESD capac-
itor, typical protection mechanisms using gated diodes are

(a)

(b)

Fig. 3. (a) Secondary protection circuit with four gated diodes and (b)
Gated diode network integrated in parallel with MOM capacitor.

considered. A secondary protection circuit based on four
gated diodes, as illustrated in Fig. 3(a), is proposed. This
circuit is integrated in parallel with the MOM capacitor, as
shown in Fig. 3(b). Standard dual diodes provide bidirectional
protection and reduce the total capacitance since two diodes
are connected in series. Furthermore, the increased trigger
voltage makes these devices particularly suitable for ESD
protection at LNA input, where signal levels remain close to
0 V. Based on this strategy, efforts are made to miniaturize
the ESD components to achieve a compact capacitor with
integrated protection, enabling finer capacitance adjustment
increments (e.g., 10 fF steps).

A. Gated diode miniaturization
In the optimization of the gated diode capacitance, multiple

strategies were implemented to reduce both parasitic capaci-
tances and the intrinsic capacitance of the PN junction, aim-
ing to achieve a significant reduction without compromising
device functionality and performance. Initially, considering
that the diode capacitance is directly proportional to the PN
junction area, the active area was reduced by approximately
90% relative to the original layout, as illustrated in Fig.4.
This reduction is critical for lowering the junction capaci-
tance, which depends on the junction area and is inversely
proportional to the depletion region width. The decrease in
active area results in a proportional reduction in capacitance,
which is particularly important for applications requiring low
capacitance, such as high-frequency circuits and sensors. How-
ever, this reduction must be carefully balanced to ensure that
the maximum current handling capability and series resistance
remain within acceptable limits, thereby preserving device
reliability and performance.

Throughout the optimization process, the gate oxide thick-
ness was maintained constant. Although increasing the oxide
thickness could reduce the gate capacitance due to the inverse
relationship between capacitance and dielectric thickness, such
modification would adversely affect the gate’s ability to control
the transistor channel, leading to increased threshold volt-
age and degradation of the device’s electrical characteristics.
Therefore, preserving the oxide thickness was a strategic de-
cision to maintain the balance between capacitance reduction
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Fig. 4. Reduction of the gated diode active area.

and electrical integrity of the diode.
Finally, the number of metal layers used in the diode

contacts was reduced by eliminating four metal levels from
the stack. This measure primarily aimed to optimize the
parasitic capacitances associated with metal interconnections,
since integrating the MOM capacitor in parallel with the
diodes allows for a reduction in the number of layers, thereby
decreasing the parasitic capacitance.

The combination of these strategies — reduction of metal
layers to minimize parasitic capacitances, significant decrease
of the PN junction active area to reduce intrinsic capacitance,
and preservation of oxide thickness to maintain electrical
characteristics — enabled a substantial reduction in the total
diode capacitance, approaching the target reduction from ap-
proximately 350 fF to values near 5 fF, thereby facilitating the
integration of the MOM capacitor as detailed in the following
sections.

B. Interconnection between FEOL and BEOL

Once the gated diodes was miniaturized and optimized
to be interfaced with the MOM capacitor, the next critical
step involved the design of their interconnections with careful
consideration of the additional parasitic capacitance and the
physical layout constraints. The interconnects must be suffi-
ciently wide to ensure low-resistance current flow during ESD
events, while keeping any negative effects on total capacitance
and device footprint to a minimum. To achieve this, the four
diodes were initially placed as close as possible, sharing the
same Shallow Trench Isolation (STI), N-well, and P-substrate
regions, as depicted in Fig.5. Subsequently, Metal 1 (M1)
and Metal 2 (M2) layers were strategically employed to form
the internal connections among the four optimized diodes, as
illustrated in Fig.6, thereby creating a routing path to the MOM
capacitor while simultaneously connecting the diodes as shown
in the 3D view in Fig.6. These metal layers also serve as
interface points for the integration with the MOM capacitor
structure. The use of M1 and M2 enables a compact routing
scheme that reduces parasitic inductance and resistance, thus
preserving the high-frequency performance of the co-designed
ESD protection network.

Finally, the MOM capacitor was integrated as illustrated in
Fig.7. Although the upper metal layers of the MOM capacitor
available in the design kit can be utilized, their use is not
mandatory. Post-layout extraction showed that the parasitic

capacitance contributed by the four gated diodes is approxi-
mately 5.3 fF, very near the expected 5 fF. Consequently, an
additional MOM capacitor of 4.3 fF, composed of Metal 3
(M3) and Metal 4 (M4) layers was incorporated to achieve a
total capacitance of 10 fF, thus constituting the ESD capacitor.
This approach enabled the preservation of both the original
footprint and capacitance value of a classical 10 fF MOM
capacitor, as illustrated in Fig.8.

C. Application strategy of ESD capacitors

This subsection describes the appropriate usage strategy
for the implementation of the ESD capacitor within a typical
circuit like a LNA. In LNAs functioning at high frequencies,
capacitor values commonly reach up to several tens to hundred
femtofarads, with equivalent impedance generally near 50Ω.
However, replacing passive components with active ones can
introduce additional noise due to the low Q of these active de-
vices. Therefore, it is fundamental to verify that the proposed
strategy minimizes introduced noise.

The Q for a device of impedance Z is defined as :

Q =
Im(Z)

Re(Z)
, (1)

where Im(Z) and Re(Z) represent the imaginary and real
parts of the impedance, respectively. In the ideal case of
a capacitor, the equivalent series resistance (ESR) tends to
zero, resulting in a Q approaching infinity. It is therefore to
minimize the internal resistance of the device as much as
possible.

Based on this, instead of using large ESD capacitors, a
mosaic arrangement composed of 10 fF capacitors connected
in parallel was implemented. This configuration allows the
total capacitance to be increased to the desired value while
simultaneously reducing the equivalent internal resistance,
since the resistances of the capacitors in parallel combine to
decrease the total effective resistance.

D. Configurations and technology nodes variations

Various design variations were explored across different
semiconductor technology nodes to evaluate the performance
and effectiveness of ESD protections integrated into RF LNA
circuits under diverse operating conditions. Initial studies were
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Fig. 5. 3D view of the four miniaturized gated diodes sharing STI, N-well, and P-substrate.

STI STIN+ P+
STIN+ Oxide P+

STI STIN+

Substrate P

N-well

Oxide P+
STIN+ Oxide P+

BOX

Fig. 6. 3D view of the gated diodes with Metal 1 and Metal 2 interconnections.
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Fig. 7. 3D view of the MOM capacitor with the gated diode integrated to form the complete ESD protection capacitor.

conducted using the C28FD-SOI technology from STMicro-
electronics, chosen for its superior performance and energy
efficiency.

In the FDSOI technology, various ESD capacitor variations
are implemented for study, covering different capacitance
values and different connection configurations between the
structures. Initially, work is performed at the 28 nm node,
where the initial version of the 10 fF capacitor is used. From
this initial approach, ESD capacitors with values of 10 fF,
350 fF, and 1 pF are integrated. These values are strategically
selected: 10 fF as the smallest available value, 350 fF as it is
used as the ESD capacitor in the use case of the following
section, and 1 pF for Q analysis.

Within the same technology, a variation of the ESD ca-

pacitor is explored, where instead of connecting multiple
10 fF capacitors in parallel, larger-area unitary capacitors with
integrated large-size diodes are adopted. This configuration
aims to increase the energy dissipation capability during ESD
events. For this variation, capacitors with values of 350 fF
and 1 pF are integrated, allowing comparison with the original
versions and evaluation of the trade-offs associated with the
new concept.

Subsequently, the ESD protection is integrated in the 18 nm
technology node, presenting two main variations. The first cor-
responds to the initial version, with 10 fF capacitors connected
in parallel, where values of 36 fF and 1 pF are integrated. The
36 fF capacitor is chosen for ESD testing due to the trend of
integrating more compact circuits at this node, while the 1 pF
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Fig. 8. (a) 10 fF MOM capacitor layout and (b) 10 fF ESD capacitor
layout.

TABLE I
SUMMARY OF ESD PROTECTION DESIGN VARIATIONS

ID Technology Node Capacitance Values Configuration
1 28 nm 10 fF, 350 fF, 1 pF Parallel connection
2 28 nm 350 fF, 1 pF Single connection
3 18 nm 36 fF, 1 pF Parallel connection
4 18 nm 36 fF, 1 pF Series connection

capacitor is used for Q evaluation and comparison with the
previous version.

The second variant consists of increasing the number of
diodes connected in series to improve voltage triggering tol-
erance. This configuration is particularly relevant for power
amplifier (PA) applications, where robustness against voltage
spikes is critical. In this variant, ESD capacitors of 36 fF and
1 pF are integrated to enable direct comparison with the initial
version.

Table I summarizes all protection variations, integrated
capacitance values, design descriptions, and device nomencla-
ture.

E. Characterization
To validate the device studies, characterization of the ESD

protection devices was performed through electrical measure-
ments and specific tests. This includes the methods used for
capacitance extraction, Q analysis, and evaluation of device
behavior under ESD tests (TLP and VF-TLP). These results
are essential to understand the device performance in high-
frequency applications and their effectiveness in protecting
against ESD events.

1) RF measurement for capacitance extraction: Parasitic ca-
pacitance extraction is a fundamental process in the design and
analysis of integrated circuits, especially for RF applications.
Parasitic capacitances arise due to the physical geometry of

Fig. 9. Measured capacitance versus frequency for the four ESD
protection devices.

devices, interconnections, metal layers, dielectrics, and the
proximity of conductors in the chip layout. These parasitics
can significantly affect circuit performance.

The parasitic capacitance extraction for devices such as
ESD capacitors is performed by measuring S-parameters using
a vector network analyzer (VNA) over a frequency range
of 0.5 to 15 GHz. These parameters are then converted
to admittance, where the imaginary part corresponds to the
capacitances. To isolate the intrinsic device capacitances, a
de-embedding technique is applied to remove the effects of
pads and interconnections. Subsequently, an equivalent circuit
model including capacitive elements is numerically fitted to
the measured data, enabling precise extraction of the parasitic
capacitances. It is important to consider that these capacitances
vary with frequency, bias voltage, and device geometry, all of
which directly impact the component’s performance in high-
frequency applications.

For the devices under study, the extracted parasitic ca-
pacitance, for the ESD capacitors of 1 pF, given in Fig. 9.
Devices 1 and 3 exhibit slightly higher capacitance values with
a gently decreasing trend as frequency increases, indicating
a stable and predictable response of high quality capacitors
suitable for RF applications. Device four shows slightly lower
capacitance values with a similar decreasing trend, which may
indicate a smaller effective area or structural differences in
the capacitor, yet remains within a stable range. Conversely,
Device 2 presents a more irregular behavior, with variations
and even an increase in capacitance above 10 GHz, suggesting
possible parasitic effects or resonances associated with the
configuration involving larger integrated diodes.

2) Quality factor: An ideal capacitor, characterized by a
finite series resistance, can be modeled as a series RC circuit
exhibiting a single-pole frequency response [31]. The Q of
the capacitor is inversely proportional to this series resistance;
therefore, a higher Q indicates lower resistive losses. ESD
protection circuits, in their ”off” state, are designed to block
DC current flow, inherently behaving as capacitive elements
with series resistance similar to that of an ideal capacitor [31].

To achieve a high overall Q in an ESD protection device,
it is essential to minimize the series resistance associated
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Fig. 10. Q of the ESD devices as a function of frequency.

with the dominant capacitive element, which corresponds to
the largest capacitor in the single-pole model. The design
challenge lies in adjusting the network’s poles and zeros so
that, within the frequency range of interest, the protection
circuit approximates a single-pole capacitive response with a
maximized Q.

Fig. 10 shows the measured Q as a function of frequency
for the four studied ESD protection devices. The results
demonstrate that all devices maintain a Q greater than 10 up
to 15 GHz (except for Device 2, 13 GHz). Notably, around
10 GHz, Devices 1 and 3 achieve Q values close to 90,
approaching the performance of high-quality MOM capacitors,
which typically exhibit Q near 100. Devices 2 and 4, which
incorporate large integrated diodes and series diode configu-
rations, respectively, exhibit slightly lower but still robust Q
factors, indicating effective capacitive behavior with minimal
resistive losses.

These results confirm that the proposed ESD protection
designs provide high Q capacitive characteristics essential for
minimizing insertion loss and preserving RF performance in
sensitive circuits such as LNAs. Among the configurations
analyzed, the parallel capacitor designs (Devices 1 and 3)
demonstrate superior Q performance, making them the pre-
ferred choice for high-frequency ESD protection applications.

3) TLP and VF-TLP characterization: The TLP test is a
widely used technique to characterize the behavior of com-
ponents and circuits under stress conditions. Typical pulses
have a duration of approximately 100 ns, with current levels
reaching several amperes. After each TLP pulse, a low-
current DC measurement is usually performed to determine
whether the device under test (DUT) has been damaged by
the preceding pulse. Changes in the DC measurement results
often indicate device damage [32]. This testing method enables
components to be subjected to electrical stress similar to that
caused by HBM discharges, with the energy released by a TLP
pulse being comparable to that of an HBM event.

To measure high-current and fast rise time conditions to
evaluate the ESD devices performances for fast CDM event,
very-fast TLP (VF-TLP) testing uses a pulsed voltage source
combined with a high-impedance connection to the DUT,
generating pulses approximately one nanosecond in duration

Fig. 11. Current-voltage characteristics of devices 1 and 2 with 350 fF
capacitance under TLP and VF-TLP stress tests.

Fig. 12. Current-voltage characteristics of devices 3 and 4 with 36 fF
capacitance under TLP and VF-TLP stress tests.

with rise times on the order of a few hundred picoseconds
[27].

The VF-TLP measurement method of the TDRS-T (High-
Z Time Domain Reflection Separate and Transmission) type
employs a setup similar to conventional TLP but uses a ”Pick
Off Tee” to measure current instead of a probe.

The four ESD devices with different technology versions
and architectures described in Table I, were evaluated through
TLP and VFTLP tests.

Devices 1 and 2 have a nominal capacitance of 350 fF, both
fabricated using 28 nm.

In Fig. 11, which presents the results for the 350 fF devices,
it can be observed that Device 1 supports higher currents in
both tests, reaching nearly 5 A in the VF-TLP, as compared to
around 3.5 A for Device 2. This difference indicates that the
configuration with ESD capacitors connected in parallel, as in
Device 1, offers better current handling capability. Conversely,
Device 2, which incorporates only a single cell, exhibits a
limitation in the maximum current supported, although this
architecture may provide advantages in terms of overshoot
reduction, as observed in the TLP test, show in Fig.. 11. This
behavior is consistent across both TLP and VF-TLP tests.
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Devices 3 and 4, both with a capacitance of 36 fF and
fabricated using 18 nm technology, have different architectures
but support similar currents in the VF-TLP test, reaching
approximately 0.7 A. The strategy of increasing series diodes
in Device 4 offers additional protection against voltage trig-
gering, making it a suitable solution for high-power RF
applications, such as PAs. This pattern is also observed in
the TLP test results.

When comparing devices with the same capacitance, ar-
chitectural differences directly impact the supported current
capacity and behavior under ESD transients. However, even
with similar architectures, devices fabricated using 28 nm
technology demonstrate slightly superior robustness against
ESD events, supporting higher currents than devices fabricated
with the 18 nm technology. This increased robustness can be
attributed to metal backend option.

IV. USE CASE: LNA APPLICATION

To deepen the analysis of the proposed devices, they were
integrated into an LNA. Device 1 was selected for integration
due to its high Q and proven robustness against ESD events.

The circuit depicted in Fig. 13(a) represents the use case: a
cascode LNA designed to operate in the 6 to 12 GHz frequency
range, implemented in STMicroelectronics’ 28 nm C28FD-
SOI technology. A transformer was inserted at the circuit input
to ensure impedance matching and primarily to act as a filter
for protection against ESD events modeled by the HBM, which
typically occur at low frequencies around 100 MHz. The main
objective of this study was to evaluate the robustness of the
proposed solution under various electrostatic stress conditions.
To this end, VF-TLP characterization and qualification tests
using CC-TLP discharges were performed at the circuit’s RF
input pin.

Two distinct protection configurations were analyzed to
validate the effectiveness of the proposed solution: (1) a
configuration without secondary protection, containing only
the transformer and clamps, as illustrated in Fig. 13(a); and (2)
a configuration with optimized ESD capacitors replacing only
C1 and C3, achieving a balance between ESD robustness and
RF performance within the operating band without modifying
the basic structure of the LNA, as shown in Fig. 13(b),
however, using ESD capacitor values different from those in
the version of Fig. 13(a) with the aim of optimizing ESD
performance.

The cascode topology was chosen for the LNA due to
its simplicity and widespread use in RF circuits, as well
as its ability to provide high performance. Additionally, this
topology is more vulnerable to ESD discharges because it has
a direct path to the transistor gate, making the study and
implementation of ESD protections especially relevant and
challenging in this context.

Another important aspect is that ESD capacitors, although
highly efficient for protection, can degrade the LNA’s per-
formance when sized to provide maximum protection. This
highlights the trade-off between protection effectiveness, per-
formance degradation, and increased chip area. Thus, the ESD
capacitor is extremely efficient, but the value that ensures
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Fig. 13. Schematics circuits of the LNAs : (a) Without secondary
protection (Circuit 1) and (b) ESD capacitors (Circuit 2).

maximum protection does not always coincide with the one
that best meets RF performance requirements. The choices
made to increase the value of the ESD capacitors, replacing
the MOM capacitor, aim to balance these factors, ensuring
adequate protection without compromising RF performance
and project area.

Following the design and layout of both configurations,
the RF performance was rigorously evaluated to quantify the
impact of each approach. The detailed results include critical
parameters such as input matching, where the protections are
implemented, gain, and noise figure (NF).

It is important to note that in CMOS LNAs, ESD protection
is typically positioned near the input region of the circuit,
specifically close to the transistor gate, which is the most
vulnerable part of the system. Consequently, the input match-
ing parameters are significantly more affected compared to
those of the output. Additionally, the amplifier gain and noise
figure are also impacted, as the active devices involved in the
protection can introduce additional losses, noise, and alter the
overall circuit performance.

A. Oxide failure condition

In the context of LNA applications, it is important to
understand the failure mechanisms of transistors fabricated
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Fig. 14. Schematic of the LNA use case and simulation setup.

with C28FD-SOI and bulk 28 nm technologies. In these
technologies, the NMOS transistors employed in the LNA
exhibit a critical gate-to-source voltage (VGS) limit of 4.5 V.
Exceeding this threshold results in gate oxide breakdown,
causing transistor failure. For simulation purposes, VGS was
continuously monitored under stress conditions.

Fig. 14 depicts the block diagram of the simulation setup.
The procedure begins with the injection of ESD into the
system. This stress is subjected to transient analysis to evaluate
the system response. Following the analysis, a pass/fail assess-
ment is performed. If the system fails, the process terminates
and the maximum ESD current is recorded; otherwise, the
ESD stress level is incremented and the cycle repeats.

The input current to the circuit is monitored for each applied
voltage. During stress application, the VGS of transistor M1
is measured. When VGS reaches or exceeds 4.5 V, the circuit
is considered to have failed due to gate oxide breakdown.
This threshold indicates that the LNA cannot withstand the
applied stress, resulting in degradation of key RF parameters.
This simulation methodology ensures an accurate assessment
of the LNA’s robustness and helps identify critical failure
points, providing valuable insights for designing more resilient
circuits.

The measurement analysis methodology differs from the
simulation approach. Although the circuit was stressed at the
input similarly to the simulation, direct measurement of VGS
is not feasible due to lack of access to the transistor’s gate
and source terminals due to the transformer DC filtering.
Consequently, an alternative approach was developed with the
analyzes of the VDD current (IVDD). The analysis procedure
is as follows: a DC measurement is performed prior to stress
application to establish a baseline VDD current. Subsequently,
stress is applied, and the VDD current is monitored immedi-
ately afterward to detect any changes, as illustrated in Fig. 15.

The process continued until a significant alteration in IVDD
was observed. Since the VDD current is strongly correlated
with the transistor’s operating conditions, any variation in IVDD
effectively indicates changes within the transistor or circuit be-
havior. This methodology enables detection of transistor stress
effects through indirect measurement of the VDD current,
providing a reliable means to assess the impact of stress on
the circuit.

A similar analysis can also be performed using the bias
current (Ibias), as it is closely related to the transistor’s gate
voltage and operating point. Monitoring either current provides

Fig. 15. Variation of VDD current (IVDD) before and after stress
application.

Fig. 16. Breakdown current comparison for the VF-TLP test across
different circuit configurations.

complementary insight into the stress induced changes in the
device.

B. VF-TLP

For the VF-TLP test, the two circuit versions were simulated
and measured until failure occurred. The results, presented in
Fig. 16, show that the unprotected circuit (Circuit 1) fails at
a breakdown current below 4 A, indicating transistor burnout.
In contrast, Circuit 2, which incorporates the ESD capacitor,
demonstrates high resilience to high-level discharges, failing
only at currents close to 17 A, thus evidencing the effectiveness
of the proposed protection concept. An excellent agreement
between simulation and measurement results is observed,
validating the predictive capability of the ESD robustness for
each variant.
C. CC-TLP

While VF-TLP applies two-pin stress with defined input
and output contacts, CC-TLP connects only the hot pulse
terminal directly to the DUT. The CC-TLP test tip connects to
a rigid transmission line coupled to a ground plane, forming a
parasitic capacitance between the ground plane and the tested
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Fig. 17. Breakdown current comparison for the CC-TLP test across
different circuit configurations.

component. Measurements can be done on silicon wafers
or packaged devices. This capacitance corresponds to the
background capacitance of a packaged device, which charges
and discharges during CDM stress events, indicating a closer
correlation between CC-TLP and CDM stress.

The results are presented in Fig. 17 for the CC-TLP,
performed on wafer. The unprotected circuit fails at approxi-
mately 4.8 A during measurements and around 3.7 A in sim-
ulations. This discrepancy can be attributed to measurement
inaccuracies due to the large voltage difference between two
consecutive measurement steps.

Conversely, the ESD capacitor demonstrates remarkable
robustness under high discharge conditions, with a simulated
failure threshold of approximately 15.1 A. It was not possible
to reach this failure current during measurements due to
the maximum current limit of the instrument. However, the
measurement results show that the ESD capacitor protection
is capable of absorbing currents exceeding 13 A, which was
the maximum current that could be applied in the CC-TLP
test due to the limitation of the measuring instrument.

These results further emphasize the robustness of the pro-
posed ESD protection concept.

D. RF impact with different configurations
The study and analysis of the impact on RF performance

caused by different ESD protection configurations is essential.
It was carried out through simulations and measurements
of S-parameters and noise figure (NF), evaluating how the
inclusion and optimization of ESD capacitors the overall
circuit behavior.

1) S-Parameters: to perform the RF measurements of the
LNA, specific instruments and procedures were employed de-
pending on the circuit type. A vector network analyzer Agilent
8510C, coupled with an Agilent 8515A test set and an HP
83631B synthesized signal generator, was used, supplemented
by a second HP 8514A test set. Calibration was carried out
using dedicated kits applying the full two-port (SOLT) method
to correct systematic errors and ensure measurement accuracy.
These measurements were conducted on a test station equipped
with model 1034X microwave probes, utilizing various types

Fig. 18. Simulated and measured S-parameters for the standard LNA
configuration.

of high-precision coaxial probes (GSGSG, GSG, or GS) to
ensure optimal electrical contact and minimize parasitic losses.

In the standard LNA configuration, as shown in Fig. 18
(a), the simulation results indicate excellent input impedance
matching near 9 GHz, evidenced by a minimum S11 value
around -24 dB. The measured data corroborate this trend,
showing a similar minimum, although with a slightly reduced
reflection of about -17 dB. This minor discrepancy is attributed
to parasitic effects that are not fully captured by the simulation
models. The maximum simulated gain reaches approximately
16 dB at 9 GHz, while the measured gain peak is slightly
lower, close to 14 dB, exhibiting a relatively flat response
throughout the operating band. This strong agreement validates
the standard model for applications where RF performance is
paramount.

With the introduction of optimized ESD capacitors, de-
signed to enhance robustness against electrostatic discharge
events while maintaining good LNA performance, Fig. 19
(b) illustrates a slight change in the S11 minimum to around
8 GHz. The simulation shows a deeper minimum near -21 dB,
indicating an adjusted impedance matching point. However,
the measured reflection is somewhat less pronounced at ap-
proximately -16 dB, revealing additional losses and parasitic
effects not fully taken into account in the simulation. The
maximum simulated gain in this configuration is about 15 dB,
closely matched by the measured peak near 14 dB, although
the measured gain exhibits a steeper roll-off outside the peak
frequency. These results confirm that increasing the value of
the ESD capacitor, which replaces the original metal capac-
itors, slightly shifts the RF behavior response relative to the
standard circuit model, as expected from the simulation. Fur-
thermore, the frequency shift can be corrected by improving
the ESD capacitor model.

The comparison between simulation and measurement
demonstrates good performance with the proposed protec-
tion. Furthermore, the standard model maintains near-ideal
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Fig. 19. Simulated and measured S-parameters for the LNA configura-
tion with optimized ESD capacitors.

Fig. 20. Simulated and measured NF for the LNA configurations.

performance, the ESD-protected configuration exhibits only
minor degradations, mainly due to the complexity of additional
passive elements and their interactions within the physical
layout.

2) Noise figure: Regarding the NF, Figure 20 shows that
both circuits exhibit a decrease in NF as the frequency
increases from 6 GHz up to approximately 9 GHz, where the
NF reaches its minimum values, followed by an increase up
to 12 GHz. Circuit 1 (without ESD capacitors) demonstrates
a simulated minimum NF of approximately 4 dB, while the
measured value is around 5 dB, indicating a 1 dB increase
due to practical factors. Similar to the S-parameters, the NF
of circuit 2 (with ESD capacitors) shows a frequency shift
compared to circuit 1, with a simulated NF of 5 dB and a
measured NF of 6 dB. The behavior of both circuits is similar
when comparing their measured and simulated values, which
is a positive indication of the consistency and reliability of the
results.

V. CONCLUSION

This work presents a novel ESD protection approach that
integrates gated diodes within MOM capacitors, achieving
a compact device with a high Q and enhanced robustness,
suitable for RF circuit protection in advanced CMOS tech-
nologies. The proposed ESD capacitor maintains excellent RF
performance while providing effective protection against fast
transient events, as validated by extensive TLP, VF-TLP, and
CC-TLP characterizations.

Integration into a 28 nm FD-SOI technology LNA demon-
strated minimal impact on key RF parameters. In the standard
LNA configuration, the S11 parameter exhibits a minimum
near −24 dB (simulated) and −17 dB (measured) at 9 GHz,
with a gain of approximately 16 dB (simulated) and 14 dB
(measured). With the optimized ESD capacitors, the S11 min-
imum shifts to 8 GHz, with values around −21 dB (simulated)
and −16 dB (measured), while the gain remains close to 15 dB
(simulated) and 14 dB (measured).

Additionally, a significant improvement in ESD robustness
was observed, with failure currents exceeding 15.1 A in simu-
lation and above 13 A in measurements—approximately three
times greater robustness in the optimized circuit compared to
the standard one. Moreover, the ESD capacitor exhibits an
impact on the LNA circuit that is consistent with the expected
effect on gain within the 6 to 12 GHz frequency range, with
measured values closely matching the simulated behavior. This
is attributed to the high Q of the ESD capacitor and the parallel
configuration of multiple capacitors, which minimize resistive
losses and parasitic capacitances, thereby preserving the per-
formance of the circuit even with the integrated protection.

These results confirm the viability of the proposed protec-
tion scheme for next-generation high-frequency applications,
offering a promising solution to combine ESD reliability with
stringent RF performance requirements without compromising
area or performance. Furthermore, the solution enables not
only the integration of gated diodes but also other components
such as STI diodes and ggNMOS devices, along with various
internal connection configurations— including the use of se-
ries diodes with a central connection—allowing adaptation to
a wide range of applications.

VI. ACKNOWLEDGMENT

The authors would like to thank L. Vincent, B. Jacquier,
F. David and F. Soto for their help with measurements, K.
Tournon for their help with chip packaging and ANRT (French
National Agency for Research and Technology) for the funding
support.

REFERENCES

[1] M. Huo, Q. Guo, Y. Han, et al., “A case study of problems in JEDEC
HBM ESD test standard,” IEEE Trans. Device Mater. Reliab., vol. 9,
no. 3, pp. 361–366, 2009, doi: 10.1109/TDMR.2009.2027124.

[2] S. H. Voldman, “The state of the art of electrostatic discharge protection:
physics, technology, circuits, design, simulation, and scaling,” IEEE J.
Solid-State Circuits, vol. 34, no. 9, pp. 1272–1282, Sept. 1999, doi:
10.1109/4.782088.

[3] J. Bourgeat, Y. Solaro, and N. Guitard, “ESD protection based on
stacked SCRs with adjustable triggering voltage for CMOS high-voltage
application,” in Proc. 44th Annu. EOS/ESD Symp. (EOS/ESD), vol. EOS-
44, 2022, pp. 1–6, doi: 10.23919/EOS/ESD54763.2022.9928468.

This article has been accepted for publication in IEEE Transactions on Electron Devices. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/TED.2026.3659077

© 2026 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.



12 GENERIC COLORIZED JOURNAL, VOL. XX, NO. XX, XXXX 2017

[4] J. J. Liou, J. A. Salcedo, and Z. Liu, “Robust ESD protection
solutions in CMOS/BiCMOS technologies,” in Proc. Int. Workshop
Electron Devices Semicond. Technol. (EDST), 2007, pp. 41–45, doi:
10.1109/EDST.2007.4289774.

[5] P. Galy, J. Bourgeat, T. Lim, C. Fenouillet-Beranger, and D. Golanski,
“ESD protection with BiMOS transistor for bulk FDSOI advanced
CMOS technology,” in Proc. CAS 2013 (Int. Semicond. Conf.), vol. 2,
2013, pp. 171–174, doi: 10.1109/SMICND.2013.6688646.

[6] J. Bourgeat, J. Jimenez, S. Dudit, and P. Galy, “New Beta-Matrix
topology in CMOS 32nm and beyond for ESD/LU improvement,” in
Proc. CAS 2013 (Int. Semicond. Conf.), vol. 2, 2013, pp. 159–162, doi:
10.1109/SMICND.2013.6688644.

[7] J. Bourgeat et al., “Self-ESD-protected transmission line broad-band
in CMOS 28nm UTBB-FDSOI,” in Proc. 37th Electrical Over-
stress/Electrostatic Discharge Symp. (EOS/ESD), Reno, NV, USA, 2015,
pp. 1–7, doi: 10.1109/EOSESD.2015.7314805.

[8] T. D. C. Guedes et al., “Design and evaluation of a 10 GHz LNA
with balun and diodes for HBM and CDM ESD protection in 28 nm
CMOS FD-SOI,” in Proc. 37th SBC/SBMicro/IEEE Symp. Integrated
Circuits Syst. Design (SBCCI), Joao Pessoa, Brazil, 2024, pp. 1–5, doi:
10.1109/SBCCI62366.2024.10703990.

[9] Incorporated EOS/ESD Association, “White Paper 1: A Case for Low-
ering Component Level HBM / MM ESD Specifications and Require-
ments,” Incorporated EOS/ESD Association, Tech. Rep., 2018.

[10] Incorporated EOS/ESD Association, “White Paper 2: A Case for Low-
ering Component Level CDM ESD Specifications and Requirements,”
Incorporated EOS/ESD Association, Tech. Rep., 2021.

[11] C. Lin and M.-D. Ker, “CDM ESD protection design with initial-
on concept in nanoscale CMOS process,” in Proc. IEEE Int. Conf.
Integrated Power Electron. Syst. (IPFA), Jul. 2010, pp. 1–4, doi:
10.1109/IPFA.2010.5532223.

[12] W.-M. Wu, M.-D. Ker, S.-H. Chen, J.-T. Chen, D. Linten, and G. Groe-
seneken, “RF/High-Speed I/O ESD protection: Co-optimizing strategy
between BEOL capacitance and HBM immunity in advanced CMOS
process,” IEEE Trans. Electron Devices, vol. 67, no. 7, pp. 2752–2759,
Jul. 2020, doi: 10.1109/TED.2020.2994492.

[13] M. Margalef-Rovira et al., “ESD mm-Wave-Circuit protection: 3-dB
couplers,” IEEE Trans. Electron Devices, vol. 68, no. 12, pp. 5989–
5994, Dec. 2021, doi: 10.1109/TED.2021.3115990.

[14] M.-D. Ker and Y.-W. Hsiao, “On-chip ESD protection strategies for
RF circuits in CMOS technology,” in Proc. 8th Int. Conf. Solid-State
Integrated Circuit Technol. (ICSICT), Shanghai, China, 2006, pp. 1680–
1683, doi: 10.1109/ICSICT.2006.306371.

[15] M. Park, J. Tseng, T.-Y. Lee, and D. Ripley, “Concurrent ESD and
surge protection clamps in RF power amplifier,” in Proc. 41st Annu.
EOS/ESD Symp. (EOS/ESD), Riverside, CA, USA, 2019, pp. 1–6, doi:
10.23919/EOS/ESD.2019.8869975.

[16] C. Eichenseer, G. Langguth, R. Gaertner, F. Z. Nieden, L. Zeitlhoefler,
and S. Kokorovic, “Fast transient ESD protection at RF pins,” in Proc.
45th Annu. EOS/ESD Symp. (EOS/ESD), Riverside, CA, USA, 2023, pp.
1–8, doi: 10.23919/EOS/ESD58195.2023.10287754.

[17] M. Scholz and F. Z. Nieden, “Early evaluation of ESD ro-
bustness of RF ICs on system-level,” in Proc. 43rd Annu.
EOS/ESD Symp. (EOS/ESD), Tucson, AZ, USA, 2021, pp. 1–7, doi:
10.23919/EOS/ESD52038.2021.9574774.

[18] A. Sandupatla et al., “Solutions to improve HBM ESD ro-
bustness of GaN RF HEMTs,” in Proc. 45th Annu. EOS/ESD
Symp. (EOS/ESD), Riverside, CA, USA, 2023, pp. 1–6, doi:
10.23919/EOS/ESD58195.2023.10287752.

[19] T. Lim et al., “Generic electrostatic discharges protection solu-
tions for RF and millimeter-wave applications,” IEEE Trans. Microw.
Theory Techn., vol. 63, no. 11, pp. 3747–3759, Nov. 2015, doi:
10.1109/TMTT.2015.2478000.

[20] J. Jimenez, P. Galy, J. Bourgeat, and B. Heitz, “High swing low
capacitance ESD RF protections in advanced CMOS technologies,” in
Proc. IEEE Int. Conf. IC Design Technol. (ICICDT), Austin, TX, USA,
2012, pp. 1–4, doi: 10.1109/ICICDT.2012.6232879.

[21] A. Dray et al., “ESD design challenges in 28nm hybrid FDSOI/Bulk
advanced CMOS process,” in Proc. Electrical Overstress/Electrostatic
Discharge Symp., Tucson, AZ, USA, 2012, pp. 1–7.

[22] S. Makovejev, N. Planes, M. Haond, D. Flandre, J.-P. Raskin, and
V. Kilchytska, “Self-heating in 28 nm bulk and FDSOI,” in Proc.
EUROSOI-ULIS 2015: 2015 Joint International EUROSOI Workshop
and International Conference on Ultimate Integration on Silicon,
Bologna, Italy, 2015, pp. 41–44, doi: 10.1109/ULIS.2015.7063768.

[23] B. Kazemi Esfeh et al., “Back-gate bias effect on FDSOI MOSFET RF
Figures of Merits and parasitic elements,” in Proc. 2017 Joint Interna-

tional EUROSOI Workshop and International Conference on Ultimate
Integration on Silicon (EUROSOI-ULIS), Athens, Greece, 2017, pp.
228–230, doi: 10.1109/ULIS.2017.7962569.

[24] V. Kilchytska et al., “Comparative study of non-linearities in 28 nm
node FDSOI and Bulk MOSFETs,” in Proc. 2017 Joint International
EUROSOI Workshop and International Conference on Ultimate Integra-
tion on Silicon (EUROSOI-ULIS), Athens, Greece, 2017, pp. 128–131,
doi: 10.1109/ULIS.2017.7962581.

[25] M. Stockinger and J. W. Miller, “Characterization and modeling of three
CMOS diode structures in the CDM to HBM timeframe,” in Proc. 2006
Electrical Overstress/Electrostatic Discharge Symposium, 2006, pp. 46–
53.

[26] V. N. R. Vanukuru, “Millimeter-wave bandpass filter using high-Q
conical inductors and MOM capacitors,” in Proc. 2016 IEEE Radio
Frequency Integrated Circuits Symposium (RFIC), San Francisco, CA,
USA, 2016, pp. 39–42, doi: 10.1109/RFIC.2016.7508245.

[27] W. Zhu et al., “Research on the substitution of MIM capac-
itors and MOM capacitors on 12-INCH 90-NM BCD process,”
in Proc. 2024 Conference of Science and Technology for Inte-
grated Circuits (CSTIC), Shanghai, China, 2024, pp. 1–3, doi:
10.1109/CSTIC61820.2024.10532093.

[28] S. Joshi, S. Hyvonen and E. Rosenbaum, “High-Q electrostatic discharge
(ESD) protection devices for use at radio frequency (RF) and broad-band
I/O pins,” in IEEE Transactions on Electron Devices, vol. 52, no. 7, pp.
1484–1488, July 2005, doi: 10.1109/TED.2005.850688.

[29] V. Barral et al., “Strained FDSOI CMOS technology scalability down to
2.5nm film thickness and 18nm gate length with a TiN/HfO2 gate stack,”
in 2007 IEEE International Electron Devices Meeting, Washington, DC,
USA, pp. 61–64, 2007, doi: 10.1109/IEDM.2007.4418863.

[30] O. Faynot et al., “Planar Fully depleted SOI technology: A powerful
architecture for the 20nm node and beyond,” in 2010 International
Electron Devices Meeting, San Francisco, CA, USA, pp. 3.2.1–3.2.4,
2010, doi: 10.1109/IEDM.2010.5703287.

[31] T. Smedes, “Transmission Line Pulse Testing: The Indispensable Tool
for ESD Characterization of Devices, Circuits and Systems,” EOS/ESD
Association, Inc. White Paper, 2017.

[32] H. Gieser and M. Haunschild, “Very fast transmission line pulsing of
integrated structures and the charged device model,” IEEE Transactions
on Components, Packaging, and Manufacturing Technology: Part C, vol.
21, no. 4, pp. 278–285, 1998, doi: 10.1109/3476.739177.

This article has been accepted for publication in IEEE Transactions on Electron Devices. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/TED.2026.3659077

© 2026 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.


	Introduction
	Technology impact and Elementary components
	Impact on different FD-SOI nodes
	Gated diode ESD protections
	Metallic Capacitors

	Components integration for ESD capacitor
	Gated diode miniaturization
	Interconnection between FEOL and BEOL
	Application strategy of ESD capacitors
	Configurations and technology nodes variations
	Characterization
	RF measurement for capacitance extraction
	Quality factor
	TLP and VF-TLP characterization


	Use case: LNA application
	Oxide failure condition
	VF-TLP
	CC-TLP
	RF impact with different configurations
	S-Parameters
	Noise figure


	Conclusion
	Acknowledgment
	References

