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Abstract— This paper presents a dual-band power amplifier
(PA) covering the 5G n257 to n260 frequency 2 bands (24.25 to
29.5 GHz and 37 to 43.5 GHz), fabricated in the 22 nm fully-
depleted silicon-on-insulator (FD-SOI) CMOS technology. Its
design is based on a distributed balun at the output that efficiently
performs a wideband load impedance transformation. The back-
gate terminal of each transistor is connected to different pads
for detailed back-gate bias variation analysis. Under 5G new
radio (NR) modulated signal measurements, we show how the
average output power and efficiency can be optimized by varying
the back-gate bias, which optimal value depends on (i) the
signal bandwidth, (ii) the carrier frequency and (iii) the tar-
get error-vector-magnitude (EVM) value. To the best of the
authors’ knowledge, the impact of back-gate bias control on the
system-level EVM figure of merit is shown for the first time
in this work. Overall, with 7.5 dBm and 7.3% mean output
power and efficiency, respectively, at 27 GHz, 6 dBm and 5%
at 40 GHz, for a 800 MHz bandwidth 5G NR signal, the presented
PA shows outstanding performance among wideband/multiband
FD-SOI-based PAs covering the 28 and 39 GHz bands, featuring
comparable performance to best-in-class narrowband PA designs
in FD-SOI technology.

Index Terms— Power amplifier, millimeter-wave, FD-SOI,
UTBB, dual-band, wideband, 5G, back-gate bias control, EVM
measurement.

I. INTRODUCTION

TARGETING ever-increasing data rates, the 3GPP 5G new
radio (NR) standard specifies several bands at millimeter-

wave (mm-wave) frequencies: n257 (26.5-29.5 GHz), n258
(24.25-27.5 GHz), n259 (39.5-43.5 GHz) and n260 bands
(37-40 GHz) for Frequency Range 2 (FR2) [1]. Different
FR2 bands or their subsets are adopted by various regions
worldwide, which necessitates wideband/multiband mm-wave
5G systems to support international, cross-network roaming,
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particularly for user equipment devices. High-order modu-
lations for increased data rate have large peak-to-average
power ratio (PAPR) and require highly linear power amplifiers
(PAs) working in large back-off power regime, thus with
lower efficiency. Despite the lower output power offered by
CMOS technology compared to III-V technologies due to
inherent device limitations (breakdown voltage and aging con-
straints, also related to the deeply scaled CMOS technology),
beamforming antenna arrays alleviate the power requirement
on single PA cells, thus enabling potential deployment of
CMOS-based PAs in 5G systems. Its high integration and low
manufacturing cost make CMOS a serious contender for 5G
applications as complex digital functions can be implemented
together with RF functions for increased configurability or
additional functions.

This paper presents the design and characterization results
of a dual-band PA covering the n257 to n260 5G bands.
The PA is designed in the 22 nm ultra-thin body and buried
oxide (UTBB) fully-depleted silicon-on-insulator (FD-SOI)
technology. In addition to the excellent RF figures of merit
(FoMs) [2], [3], the transistors in this technology feature the
back-gate terminal that can be used as a tuning knob of
the FETs’ electrical behavior, hence also to tune the circuits
performance. Its effect on the transistor behavior has already
been studied to some extent [4], [5], [6], [7], [8], [9]. Its
primary effect can be summarized as the modulation of the
FET’s threshold voltage by the back-gate-to-source voltage
with a high sensitivity (70 to 80 mV/V) [6].

Static and, in particular, dynamic modulation of the
back-gate bias (also called adaptive body bias, ABB) has
already been applied to digital and analog circuits and
demonstrated to bring significant improvements in terms of
robustness to aging and process-voltage-temperature (PVT)
corners, relaxing design constraints, as well as improving
the trade-off between performance and power consumption or
opening the way to new design techniques [10], [11], [12],
[13].

Analysis on how RF circuits respond to back-gate bias mod-
ulation (either static or dynamic) is more recent and remains
seldom [14], [15], [16], in particular to the case of PAs [17],
[18], [19], [20], [21]. Most papers have focused on continuous-
wave (CW) performance (gain, output power magnitude and
phase distortions - AM-AM and AM-PM, saturated power and
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1 dB compression point - Psat and P1dB, and power added
efficiency - PAE FoMs,respectively) [18], [19], [20], and an
innovative paper [21] has applied the ABB technique to a
highly linear PA to further improve linearity and decrease
the amount of back-off power for high-order modulations.
Nevertheless, there exists no study of the PA response to
back-gate variation on the error-vector- magnitude (EVM)
FoM - an important system-level FoM - under modulated
signal conditions, to the best of the authors’ knowledge.

The paper is organized as follows. Section II presents
the whole PA design, including the active core and passive
matching network elements. Section III shows the small-signal
and CW large-signal measurements, including how the PA
responds to back-gate bias variation on CW FoMs. Section IV
presents 5G modulated signal measurement results, and how
the PA’s performance can be optimized by tuning the back-gate
bias taking into account its effect on the system-level EVM
FoM. Finally, the PA’s overall performances are benchmarked
to published state-of-the-art SOI-based PAs.

II. PA DESIGN

The PA is based on a pseudo-differential two-stage con-
figuration, with the schematic shown in Fig. 1(a). The
power (second) stage uses a 3-stacked FET differential
architecture [22], while the driver (first) stage features
no FET stacking. Their circuit schematics are shown in
Fig. 1(b) and (c). Both stages use cross-coupled neutralization
capacitors to stabilize the amplifier in differential operation.
The single-ended to differential (and inversely) transformation
is operated by the input and output baluns that also perform
the required impedance matchings. An inter-stage transformer
converts the input impedance of the power stage into the
required impedance of the driver stage for optimum large-
signal performance. The gate and drain biases are fed to the
transistors through the ac-common ground of the transformers’
center-taps as shown in Fig. 1. Large bias resistors are added
in the gate bias lines to stabilize the PA in common-mode
operation. The back-gate terminals of all FETs are connected
to dc pads via large bias resistors, to decouple RF and dc
operations (not shown in Fig. 1).

A. Power Stage Design

The output stage uses super-low threshold voltage
nMOSFETs with a gate length of 20 nm and a total FET
width of 160 µm for all FETs. The 20 nm gate length is
a good trade-off between high RF performance (cutoff, ft ,
and maximum oscillation frequency, fmax ) and reliability, for
which the breakdown voltage is not significantly lower than
other sub-30-nm gate lengths [23].

The total transistors width is designed as a trade-off
between high output power and wideband frequency operation.
By increasing the transistors width and adapting the output
load impedance, one can increase the output power. However,
such increase in FET width leads to a decrease of the real
part of the input impedance and to further parasitics, which,
respectively, reduces the bandwidth of the interstage matching
network (or input matching when considering the driver stage

Fig. 1. (a) Schematic of the PA with the (b) driver and (c) power stage,
respectively.

FETs width design) and reduces the efficiency of the FET
stacking strategy due to phase misalignment [22].

Indeed, a transformer can transform real impedance ratios
over a large bandwidth depending on the ratio of turns and
the magnetic coupling coefficient (Rin/Rout = (n/km)2): the
larger the turns ratio (n), the larger the impedance transfor-
mation ratio, and the lower the magnetic coupling coefficient
(km), the larger the bandwidth but the higher the transmission
losses [24]. Therefore, the magnetic coupling efficiency is
primarily selected for a desired operating bandwidth with
reasonable transmission losses rather than to achieve a target
impedance ratio transformation. Whereas the turns ratio is
selected to achieve a desired impedance ratio transformation.
Furthermore, increasing the number of turns of an inductor
decreases the operating frequency of the inductor due to addi-
tional parasitic capacitances (the effect is further pronounced
in a transformer due to interwinding capacitive coupling). So,
the maximum turns ratio (linked to the maximum broadband
impedance ratio) that is achievable in practice up to 43 GHz
is around 1:2. Larger complex impedance ratios are also
achievable but at the cost of a reduced bandwidth by tuning
the reactive components.

So, in practice a total FET width of 160 µm yields a good
compromise between output power and a reasonable real part
of input impedance (4.5 � in differential mode). 4.5 � is a
rather small value to be transformed over a large bandwidth
to 50 � at 43 GHz due to the above reasons. Nevertheless,
by using a driver stage one can relax the trade-off between
total PA output power (dominated by the output stage) and
the ability to match the input impedance to 50 � over a large
bandwidth.

The M1a to M3b FETs have all the same geometry (dimen-
sions) and interconnects up to metal 4 (M4). Each FET
width is designed with a multiplicity of 4 instances of a unit
transistor cell featuring a finger width of 1 µm, 2 vertical
fingers (see Fig. 2) and 20 fingers. A relaxed poly-pitch is used
(2xCPP), which increases ft and fmax , reduces the drain and
source extrinsic resistances, and relaxes the electromigration
constraints. The source and drain terminals are contacted
via a M1-M4 staggered metal stacking, thus significantly
lowering the drain-source capacitance, for a negligible increase
in drain-source resistance: reduced reactive elements for phase
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Fig. 2. 3D view of bottom layers (M1-M8) FET interconnects for the CS
FETs (a) and stacked FETs (b). The stacked FETs gate terminal does not
go beyond M2 at the FETs’ vicinity for reduced drain-source capacitance
parasitics.

mismatch, and ease of output impedance matching. This
optimum design choice yields peak ft and fmax of 320 and
280 GHz, respectively. Fig. 2 shows the interconnects from
M1 to M8 for the common-source (CS) FETs and the stacked
FETs.

The Vdd bias voltage is set to 2.4 V to present a dc drain-
to-source voltage (Vds) of 0.8 V (the nominal voltage in this
technology) to each FET. A gate-to-source voltage (Vgs) of
0.3 V is selected as a trade-off between significant reduction
in third harmonic level at medium-to-high power operation
(a sweet spot in linearity exists in CMOS-based PAs biased
close to class-B operation [25]) and gain that is fundamental
at mm-wave frequencies. The back-gate voltage (Vbg) changes
the threshold voltage (Vth), thus drain current and class of
operation. Vbg = 0 V is fixed in this design (with Vgs =

0.3 V), but access to the back-gate terminal of each FET
enables to (i) compensate for Vth-process variations (−240 to
+40 mV for Vbg = −0.5 to 3 V, respectively) and (ii) change
the PA class of operation, at a small penalty of non-optimal
load impedance. Indeed, load-pull simulations (Fig. 3) shows
that the centers of power and efficiency circles remain roughly
constant and close to the selected optimal impedance (Zopt )
point with increasing Vbg .

Even though the differential topology can remove even
harmonics from the output, even harmonics are still present
in internal nodes of each branch and generate side-band
asymmetries and other effects reducing the PA efficiency [25].
Furthermore, parasitic capacitances in intermediate nodes
contribute to phase misalignment, which degrades Pout and
efficiency [22]. Some methods exist to compensate for these
effects, but they are narrowband, hence not suited to a
wideband PA design.

The driver stage has a similar design to the power stage
but features common-source-only FETs with a width of 80 µm
(half the power stage) and biased in the same way. In this case,
the driver FETs width design constraints are (i) to be able to
deliver sufficient linear power to the output stage (including
the interstage matching network losses, see next section), (ii)
and to present an input impedance that can be transformed
to 50 � over a large bandwidth (target from 24 to 43 GHz).
As mentioned above, the operating frequency of a transformer
converting high impedance ratios over a large bandwidth
is limited. We have thus to limit the impedance ratio to
be transformed and thereby limit the real part of the input
impedance of the driver stage.

Fig. 3. Power (green) and efficiency (red) contours (load-pull) simulations
at 39 GHz of the power stage for different Vbg biases, moving from a
deep-class AB operation to class A. The Smith charts are normalized to a
100 � reference impedance.

Therefore, we have selected a FET width for the driver stage
that delivers sufficient linear power to the output stage with
limited margin, such that the real part of the input impedance
is not too low. A FET width of 80 µm is found as a good
trade-off between linear power and input impedance, as well as
enabling a swift driver stage design and layout, since the same
optimized FET unit cell from the output stage (see Fig. 2(a))
could be used.

B. Passives Design

Load-pull simulations of the output stage show that present-
ing the complex conjugate of an equivalent impedance made of
a 45.5 � resistance and 74 fF capacitance in parallel for each
branch (thus a differential impedance of 91 � in parallel with
37 fF, which corresponds to Zopt in Fig. 3) to the output of
the power stage, maximizes the output power stage large-signal
performance over a large bandwidth and for a wide range of
Vbg values (see above), such that it is selected as target optimal
load impedance.

The output balun is designed accordingly to provide such
load impedance across a large frequency range. Its design is
based on coupled transmission line elements for an accurate
wideband behavior description in a similar way as [26]. The
resulting distributed balun is integrated as a standalone struc-
ture for thorough characterization (see chip microphotography
in Fig. 4(a)). An input pad (port 1) is added at one of the
differential inputs and is de-embedded with Open and Short
structures. A parallel 45.5 � resistor and 74 fF capacitor are
added on-chip at the second differential port. The single-ended
output is connected to an output pad (port 2) as in the PA’s
output matching. Fig. 4(b) shows measurements along with
initial (made at PA design time) and post-layout simulations
of the standalone distributed balun. Post-layout simulations
are found by adjusting the simulation settings (using a corner
electromagnetic - EM - stack instead of the nominal one and
refining the mesh to improve the simulation accuracy) to fit
the standalone balun measurements. Then, the same settings
are used for other passives simulations and, subsequently, the
PA.

Fig. 4(c) shows the simulated performance of the output
matching network as integrated in the actual PA (including the
output pad). An ultra-wideband impedance transformation is
achieved with 1-1.5 dB insertion loss in the whole 24-45 GHz
range. Although it seems a rather large amount of losses for
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Fig. 4. (a) Microphotography of fabricated standalone output matching
network. (b) Simulations (green) and measurements (black) of the standalone
output balun. (c) Simulations of the output matching network in the PA.

operation in the 28 or 39 GHz bands, it is worth reminding that
it includes losses from the output FETs’ drain terminal all the
way up to the probe tip on the output pad. Furthermore, it is
in line with reported wideband matching networks designed
in standard-resistivity Si substrates (such as bulk CMOS [27]
and advanced FD-SOI nodes [28]) that are known to entail
significant substrate losses [29] compared to high-resistivity
substrates (such as in PD-SOI technology, i.e. [26]).

The inter-stage and input matching networks are designed
with more compact transformers, based on classic lumped ele-
ment model. The inter-stage matching includes a 365 � shunt
resistor to achieve a wideband high resistance-ratio impedance
transformation. This shunt resistor is designed to withstand
medium power level at the power stage input, necessary for
high-power PA operation. Fig. 5 shows post-layout simulations
of the inter-stage and input matching networks. They feature
insertion losses of 7-8 dB and 5.5-6.5 dB, respectively, which
does not deteriorate the overall PA performance thanks to
sufficient gain at the output power stage (above 15 dB).
However, they exhibit a dual-band behavior contrarily to the
output balun, which is wideband. Therefore, the PA works as
a dual-band amplifier as shown in the next sections. A 3D
layout view of the PA with its main passive elements can be
visualized in Fig. 6(a). Further design details can be found
in [30] in particular concerning the passives design.

III. SMALL-SIGNAL AND CONTINUOUS-WAVE RESULTS

A microphotography of the fabricated PA is shown in
Fig. 6(b). Small- and large-signal continuous-wave measure-
ments are performed with the reference plane at the probe tips.
A peak 27.7 dB gain is achieved at 28 GHz and a smaller local
peak of 18.8 dB at 44 GHz (Fig. 6(c)). The 3 dB-bandwidths
associated to the low-and high-frequency peaks span from
24.7 to 30.5 GHz and from 32.8 to 47.3 GHz, respectively.
Post-layout simulations agree well with measurements, save
for a small shift to higher frequencies in the measured data,
similarly to what is observed for the output balun as shown
in Fig. 4(b).

Fig. 5. Post-layout simulations of the input (solid lines) and inter-stage
(dashed lines) matching network.

Fig. 6. (a) 3D layout view of the PA. (b) Chip microphotography.
(c) Measured and simulated S-parameters of the PA.

Small-signal simulations and measurements in Fig. 7 show
that the PA is not unconditionally stable around 23 and
29 GHz. Nevertheless, measurements under 50 � conditions
have shown to be stable across all shown power, frequency
and back-gate bias ranges in this paper. Although it is not
sufficient for a product that is expected to be able to withstand
at least 1:2 voltage standing wave ratio (VSWR) variations for
5G applications [31], [32], the experimentally demonstrated
stability under 50 � conditions is sufficient for the purpose
of this paper that is to evaluate the EVM performance of 5G
signals with back-gate bias variation.

Fig. 8 shows Pout and PAE at 1 dB compression level
(P1dB) and at peak PAE. The measured peak PAE goes as high
as 36.4 % at 30 GHz, for a corresponding 18.3 dBm Pout , Psat
is maximum (18.6 dBm) at 31 GHz with an associated peak
PAE of 35.7 %. Because of the deep-class AB operation, the
P1dB is close to the peak PAE, such that the output-referred
P1dB (Pout,1d B) varies from 16.2 to 18.1 dBm across the 24 to
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Fig. 7. Rollett’s stability factor (a) and the determinant (1, b) from
measurements (red) and simulations (green). Measured load stability circles
(c) from 17 to 50 GHz with frequency steps of 0.5 GHz.

Fig. 8. PAE (left axis) and (right axis) of the PA, at 1 dB compression point
(a) and at peak PAE (b). Measurements in dark, dashed lines and simulations
in light, solid lines. Nominal bias.

43 GHz bandwidth. The corresponding PAE at P1dB varies
from 26.8 % (at 43 GHz) to 36.1 % (at 30 GHz).

From Fig. 8, an excellent agreement is obtained
between simulations and measurements above ∼32 GHz.
Below 30 GHz, the peak PAE and Psat are much lower than
expected. Additional measurements performed at higher Vdd
for the power stage (not shown here) seem to indicate that the
driver is compressing earlier than expected below 30 GHz.
The reason is likely due to a frequency shift in the inter-stage
matching that exhibits a sharp transition below 30 GHz,
such that a non-optimal impedance is presented at the driver
stage output below 30 GHz, thereby making the driver stage
compression earlier.

The deep class AB operation features large Pout and PAE
at P1dB, close to the peak PAE, however, it comes with
significant AM-PM distortion at medium power levels, which
degrades EVM. As mentioned above, by increasing Vbg of all
transistors in the 3-stack power stage, the PA operation class
shifts to class A, with improved AM-PM distortion. However,
AM-AM distortion deteriorates and Pout,1d B and associated
PAE decrease significantly too. This trade-off is shown via
measurements and confirmed through simulations in Fig. 9 at
a measured frequency of 35 GHz.

This interesting trade-off is further explored in the next
section for modulated signals in which the PA is working in
high linearity regime at back-off power.

IV. EVM MEASUREMENTS

5G new radio (NR) modulation signals are applied to the
designed PA both via measurements to verify its suitability
for 5G applications and to experimentally understand how the
back-gate bias influences its operation.

Fig. 9. Measured (red lines) and simulated (blue circles) (a) gain, (b) AM-PM
distortion, and (c) PAE versus Pout for different Vbg biases, at 35 GHz. 1 dB
compression point and peak AM-PM distortion shown in yellow dots.

On-wafer measurements are performed with a Vector Signal
Generator (VSG, SMW200A) and a Spectrum Analyzer (SA,
FSW 50 GHz), both from Rohde & Schwarz. The cables
and RF probes at input and output are calibrated from the
measurements with built-in tools in both the VSG and SA
based on their measured S-parameters.

The EVM and adjacent channel leakage ratio (ACLR) are
measured and power levels are recorded for 5G NR modulated
signals of different bandwidths (100, 200 to 800 MHz) and
at different carrier frequencies (from 25 to 43 GHz). In all
measurements a time division duplex (TDD) uplink signal
with 64-QAM orthogonal frequency division multiplexing
(OFDM) digital modulation was used. The back-gate bias is
modified around Vbg,0, and its effect is analyzed on the EVM
performance of the different signals.

The nominal bias Vbg,0 is the back-gate bias necessary to
yield the same designed bias current values of 6.8 mA and
13.5 mA for the driver and output stage, respectively. In sim-
ulations it corresponds to Vbg,0 = 0 V. During measurements
Vbg,0 is different from die to die due to process variability.
A maximum deviation of 0.6 V was observed in Vbg,0, which
corresponds to an associated threshold voltage shift lower than
50 mV.

As the back-gate bias has a strong impact on the PA’s overall
behavior (as explained in the previous section), we expect
it to also strongly affect the EVM performance. To that
end, we record the EVM measurements versus power for
different Vbg .

Fig. 10(a) shows such curves for two different Vbg biases.
By increasing Vbg , the gain increases and the EVM curves are
shifted to higher power values (identical input power points
for both Vbg biases are shown in Fig. 10(a)). While a larger
gain induces a negligible or small increase in EVM at low
power (linear regime), it is not the case at higher power.
Indeed, the larger Vbg = Vbg,0 + 0.3 V bias (dashed lines)
compresses earlier (worse AM-AM distortion), which explains
the steeper curve at higher power. Overall, the increase in
EVM with larger power is due to both AM-AM and AM-PM
distortions [33]. As we have seen in the previous section,
by varying Vbg , one can trade-off one type of distortion for the
other and thus maximize the power and efficiency performance
for a target EVM.
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Fig. 10. 5G NR modulated signal measurements, with a 100 MHz bandwidth
signal and a carrier of 40 GHz. (a): measured rms EVM, average PAE and
Pout for Vbg = Vbg,0 (solid lines), Vbg = Vbg,0 + 0.3 V (dashed lines), for
different input power levels. (b): measured average PAE and Pout versus Vbg
for a target EVMrms = 5.5 %.

For a fixed target of 5.5 % (= −25.2 dB) rms EVM,
the corresponding mean output power and PAE for different
back-gate biases are shown in Fig. 10(b). An EVM of 5.5 % is
a usual EVM requirement for low bit error rate in 5G 64-QAM
OFDM signals for a standalone amplifier [31]. Note that the
3GPP specification for the complete communication channel
is an EVM of 8 % for a 64-QAM OFDM 5G signal, whereas it
decreases for higher order modulations (3.5 % for a 256-QAM
OFDM 5G signal [34]).

A peak in overall PA performance -with mean Pout and PAE
as high as ∼ 8.5 dBm and 9 %, respectively, for a target EVM
of 5.5 %- can be achieved by fine tuning the back-gate bias
(optimal for Vbg ≈ Vbg,0). The double peak in Fig. 10(b) is
not physical and is related to measurement uncertainty and an
approximated 5.5 % EVM target value during measurements.
This double peak is indeed not observed on simulation results
using slightly different waveforms (data not shown).

The ACLR is also measured in peak conditions (for Vbg =

Vbg,0 and an EVM of 5.5 %) and is shown in Fig. 11. A worst-
case value of −24.9 dBc is measured, which fulfills the 5G
requirements (of roughly −30 dB to −25 dB [31]).

The back-gate biases of all PA’s transistors are changed
together in this paper. Separate back-gate biasing of individual
transistors has been tested experimentally, but it has not
resulted in improved performance. It is therefore not shown
here.

Note that the optimal bias condition of Vbg = Vbg,0 is
found above (Fig. 10(b)) by optimizing the PA’s performance
for a given signal bandwidth (100 MHz), at a given carrier
frequency (40 GHz) and for an arbitrary limit of 5.5 % EVM.
However, it might not be the optimal bias for a different
modulated signal (or for different target value of EVM as it can
be seen in Fig. 10(a)). To test how the optimal bias depends
on the modulated signal, the optimal bias is searched again by
varying the back-gate biases for two other modulated signals,
in which we change either the signal bandwidth (800 MHz at
40 GHz) or the carrier frequency (100 MHz at 32 GHz). Fig. 12
shows the mean Pout and PAE for different back-gate biases
for these two new cases.

As shown in Fig. 12, the optimal back-gate bias leading
to the best mean output power and PAE results is different
from the optimum found for a signal bandwidth of 100 MHz
at a carrier frequency of 40 GHz (optimum of Vbg,0 + 0.2 V
in Fig. 12(a) and Vbg,0 + 0.5 V in Fig. 12(b)). It therefore

Fig. 11. Output spectrum and ACLR measurements with a 100 MHz
bandwidth signal, a carrier of 40 GHz, at the nominal bias of Vbg = Vbg,0
and for an EVM of 5.5 %. The corresponding mean output power and PAE
are 8.3 dBm and 9 %, respectively.

Fig. 12. 5G NR modulated signal measurements, average PAE and Pout at
a target EVMrms = 5.5 %, for different Vbg . (a): 100 MHz bandwidth at a
carrier of 32 GHz. (b): 800 MHz bandwidth at a carrier of 40 GHz.

shows that the signal bandwidth and carrier frequency can
greatly influence the PA biasing point that exhibits the best
performance.

Furthermore, the peak is rather well pronounced, meaning
that applying a non-optimal bias can lead to substantially
reduced performance, i.e. a 0.2 V variation around the optimal
Vbg in Fig. 10(b) leads to a 1 dB decrease in mean Pout and
1.6 % in PAE. The value of using the back-gate terminal to
reach such an optimum should be emphasized here. A similar
result could likely be obtained by varying the gate terminal
bias (thus overdrive voltage), but the sensitivity required is
much larger and complex to achieve with high accuracy.
Indeed, a variation of 0.2 V in Vbg is equivalent to a variation
of ∼15 mV in overdrive voltage. FD-SOI technology therefore
offers unique high-sensitivity configurability capabilites for
PAs thanks to the back-gate terminal.

Measurements of PA performance (mean Pout and PAE)
for a target EVM of 5.5 % at different carrier frequencies are
shown in Fig. 13 for two biases: Vbg = Vbg,0 and Vbg =

Vbg,0+0.5 V. Here again we show the benefits of re-optimizing
the back-gate bias for different modulated signals. Indeed, the
improvement with the new bias (optimal for an 800 MHz
signal bandwidth at a 40 GHz carrier) of Vbg = Vbg,0 + 0.5 V
is great in both output power (3 dB) and efficiency (1.8 %) for
a carrier frequency around 39 − 40 GHz. At the other carrier
frequencies, the output power is increased but at the cost of a
reduced efficiency.

Fig. 14 shows similar results for the nominal Vbg (= Vbg,0)
and Vbg,0 + 0.2 V with a modulation bandwidth of 100 MHz
at a carrier frequency of 32 and 40 GHz.
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TABLE I
SUMMARY OF STATE-OF-THE-ART CMOS-SOI-BASED PA PERFORMANCE IN CONTINUOUS-WAVE (CW) MODE

AND WITH 64-QAM ON A SINGLE-CARRIER (SC) OR ON OFDM (5G NR)

Fig. 13. 5G NR 800 MHz-bandwidth modulated signal measurements of
different carrier frequencies at the EVM target of 5.5 %, average PAE and
Pout versus carrier frequency. Measurements for two biases: Vbg = Vbg,0
(triangles) and Vbg = Vbg,0 + 0.5 V (stars).

Fig. 14. 5G NR 100 MHz bandwidth modulated signal measurements
of different carrier frequencies at the EVM target of 5.5 %, average PAE
and Pout versus carrier frequency, at Vbg = Vbg,0 (dots, solid lines) and
Vbg = Vbg,0 + 0.2 V (stars).

V. BENCHMARKING

For completeness and benchmarking this PA’s performance,
measured mean Pout and PAE for a target EVM of 5.5 % of
the PA fed by a 5G NR 100 MHz bandwidth input signal
are shown at different carrier frequencies in Fig. 14 for a

Vbg = Vbg,0 bias, which is the optimal bias at 40 GHz with
a 100 MHz bandwidth signal.

Even though it does not provide the best achievable perfor-
mance, it is enough for proper benchmarking. Indeed, tracking
the optimal bias condition for each carrier frequency and
signal bandwidth would require extensive characterization and
is out of scope of this paper, which demonstrates instead with
different 5G signals that the back-gate bias is an interesting
and straightforward solution to fine tune the PA behavior and
performance.

Table I presents state-of-the-art PAs in SOI CMOS tech-
nologies in 24 to 43 GHz bands. The presented PA features
P1dB Pout and PAE in line with the state of the art of narrow-
band PAs over a broad frequency range. It even outperforms
other wideband PA in 22 nm FD-SOI technology. The recent
wideband PA design in 28 nm FD-SOI [40] features increased
output power for a similar efficiency. The reason is partially
due to the use of a larger Vds bias of 1 V for each stacked
FET (instead of 0.8 V here) that greatly boosts the output
power. Using a Vds bias larger than the value recommended
by the technology can improve performance, but it increases
the voltage stress on transistors, which can speed up the
aging process and lead to early circuit failure. Reliability
considerations are primordial in PA design, but they are out
of scope for this paper.

Paper [21] describes an interesting PA design making use
of the back-gate feature in FD-SOI technology. With a special
care to linearity in the PA design, they use adaptive back-gate
biasing to further improve the PA linearity, hence reducing
the amount of back-off power needed to fulfill modulated
signal measurements requirements and achieving a boost in
mean power and efficiency. The PA in [21] features similar
performance to our design, but it is restricted to a lower
bandwidth (around 28 to 34 GHz).

Modulated signals measurements indicate that the PA is well
suited to 5G modulations and performs well compared to the
state of the art, taking into account that the test signal used
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in this paper features a larger PAPR of 2 − 3 dB. Techniques
to reduce the PAPR of 5G signals exist (such as transform
precoding [41]), but they have not been applied to this work.
Operating with a larger PAPR implies that the PA needs to
work even more in backoff power (with 2-3 dB more) to
achieve the same EVM. In other terms, for the same EVM
target, this waveform (instead of the ones with lower PAPR
used in the literature) will result in lower PA efficiency and
output power, thus underestimating its performance under
modulated signal measurements when compared with other
publications. Even though [40] seems to be performing better
than the presented PA under modulated signal measurements,
it should be noted that the mean Pout and PAE are reported
for an EVM of 7.9 % (-22.1 dB) in [40] instead of 5.5 %
(−25.2 dB) for the remaining papers. So, the output power
and efficiency figures reported in [40] for 5G NR modulated
signal do not compare well with this paper (see Fig. 10(a)).

Although the proposed FD-SOI-based PA features close but
lower performance than 45 nm PD-SOI PAs, it can benefit from
(i) tuning provided by the back-gate access as demonstrated
above, and (ii) higher logic density from the advanced 22 nm
FD-SOI CMOS node to integrate more functions in a single
low-cost chip.

VI. CONCLUSION

The worldwide deployment of the new 5G telecommunica-
tion standard necessitates wideband or multiband 5G systems
to support international cross-network roaming. In this con-
text of configurability, flexibility and large scale deployment,
CMOS technology becomes a serious contender for 5G appli-
cations, singularly FD-SOI technology that benefits from the
unique tuning capabilities of its back-gate bias.

A dual-band PA covering the n257 to n260 bands in the
22 nm FD-SOI CMOS technology is presented, featuring
a wideband distributed balun at the output. It achieves a
saturated output power and peak efficiency up to 18.6 dBm and
36.4 %, respectively, which are comparable with narrow-band
PAs reported in the literature at similar frequencies and on
similar technologies. An experimental analysis on how the PA
responds to back-gate bias variation is carried out both in CW
and 5G NR modulated signal conditions. CW measurements
show that the back-gate bias can be used to fine control the
operating class and thereby trade-off AM-AM for AM-PM
distortion. Modulated signal measurements show that, thanks
to this trade-off, the average output power and efficiency can
be optimized by varying the back-gate bias, and the optimal
value of Vbg depends on (i) the signal bandwidth, (ii) the
carrier frequency and (iii) the target EVM value. This study
therefore opens a direct path toward configurable PA design
with dynamic back-gate configuration, i.e. where the back-gate
can be chosen to optimize in real time the FD-SOI-based PA
performance with a high sensitivity level as a function of the
5G signal modulation properties.

Finally, the PA exhibits a mean output power and efficiency
of 7.5 dBm and 7.3 % at 27 GHz, 6 dBm and 5 % at 40 GHz,
for a 800 MHz bandwidth 64-QAM 5G NR signal with a
realistic >12 dB PAPR (without precoding). This dual-band
PA outperforms other wideband/multiband PAs in FD-SOI

technology and even competes with narrow-band designs in
FD-SOI.

ACKNOWLEDGMENT

The authors would like to thank GlobalFoundries for
research support and chip fabrication.

REFERENCES

[1] R. Dilli, “Analysis of 5G wireless systems in FR1 and FR2 frequency
bands,” in Proc. IEEE 2nd Int. Conf. Innov. Mech. Ind. Appl. (ICIMIA),
Mar. 2020, pp. 767–772, doi: 10.1109/ICIMIA48430.2020.9074973.

[2] Z. Zhao et al., “22FDSOI device towards RF and mmWave applications,”
in Proc. IEEE BiCMOS Compound Semiconductor Integr. Circuits
Technol. Symp. (BCICTS), Dec. 2021, pp. 1–6, doi: 10.1109/BCI-
CTS50416.2021.9682480.

[3] L. Chan et al., “22nm fully-depleted SOI high frequency noise modeling
up to 90 GHz enabling ultra low noise millimetre-wave LNA design,”
in Proc. IEEE Radio Freq. Integr. Circuits Symp. (RFIC), Jun. 2019,
pp. 31–34, doi: 10.1109/RFIC.2019.8701875.

[4] T. Poiroux et al., “Leti-UTSOI2.1: A compact model for UTBB-FDSOI
technologies—Part I: Interface potentials analytical model,” IEEE Trans.
Electron Devices, vol. 62, no. 9, pp. 2751–2759, Sep. 2015, doi:
10.1109/TED.2015.2458339.

[5] T. Poiroux et al., “Leti-UTSOI2.1: A compact model for UTBB-
FDSOI technologies—Part II: DC and AC model description,” IEEE
Trans. Electron Devices, vol. 62, no. 9, pp. 2760–2768, Sep. 2015, doi:
10.1109/TED.2015.2458336.

[6] A. Cathelin, “Fully depleted silicon on insulator devices CMOS: The
28-nm node is the perfect technology for analog, RF, mmW, and mixed-
signal system-on-chip integration,” IEEE Solid-State Circuits Mag.,
vol. 9, no. 4, pp. 18–26, Nov. 2017, doi: 10.1109/MSSC.2017.2745738.

[7] O. M. Kane, L. Lucci, P. Scheiblin, T. Poiroux, J.-C. Barbé, and
F. Danneville, “Back gate impact on the noise performances of 22FDX
fully-depleted SOI CMOS,” in Proc. 15th Eur. Microw. Integr. Circuits
Conf. (EuMIC), Jan. 2021, pp. 81–84.

[8] B. Kazemi Esfeh et al., “Back-gate bias effect on FDSOI MOSFET
RF figures of merits and parasitic elements,” in Proc. Joint Int.
EUROSOI Workshop Int. Conf. Ultimate Integr. Silicon (EUROSOI-
ULIS), Apr. 2017, pp. 228–230, doi: 10.1109/ULIS.2017.7962569.

[9] B. K. Esfeh et al., “Back-gate bias effect on UTBB-FDSOI
non-linearity performance,” in Proc. 47th Eur. Solid-State Device
Res. Conf. (ESSDERC), Sep. 2017, pp. 148–151, doi: 10.1109/ESS-
DERC.2017.8066613.

[10] D. Bol et al., “A 40-to-80 MHz sub-4 µW/MHz ULV cortex-M0 MCU
SoC in 28 nm FDSOI with dual-loop adaptive back-bias generator
for 20 µWs wake-up from deep fully retentive sleep mode,” in IEEE
Int. Solid-State Circuits Conf. (ISSCC) Dig. Tech. Papers, Feb. 2019,
pp. 322–324, doi: 10.1109/ISSCC.2019.8662293.

[11] Y. Moursy et al., “A 0.021 mm2 PVT-aware digital-flow-compatible
adaptive back-biasing regulator with scalable drivers achieving
450% frequency boosting and 30% power reduction in 22 nm
FDSOI technology,” in IEEE Int. Solid-State Circuits Conf.
(ISSCC) Dig. Tech. Papers, vol. 64, Feb. 2021, pp. 492–494, doi:
10.1109/ISSCC42613.2021.9365782.

[12] V. Huard et al., “Runtime test solution for adaptive aging compensation
and fail operational safety mode,” in Proc. IEEE Int. Rel. Phys. Symp.
(IRPS), Mar. 2022, pp. 1–4, doi: 10.1109/IRPS48227.2022.9764590.

[13] A. Finocchiaro, G. Papotto, E. Ragonese, and G. Palmisano, “A 28-nm
FD-SOI CMOS variable-gain amplifier with body-bias-based DC-
offset cancellation for automotive radars,” IEEE Trans. Circuits Syst.
II, Exp. Briefs, vol. 66, no. 10, pp. 1693–1697, Oct. 2019, doi:
10.1109/TCSII.2019.2921252.

[14] M. Rack, L. Nyssens, S. Wane, D. Bajon, and J.-P. Raskin, “DC-40 GHz
SPDTs in 22 nm FD-SOI and back-gate impact study,” in Proc. IEEE
Radio Freq. Integr. Circuits Symp. (RFIC), Feb. 2020, pp. 67–70, doi:
10.1109/RFIC49505.2020.9218317.

[15] M. Nabet, M. Rack, L. Nyssens, J.-P. Raskin, and D. Lederer, “28 GHz
down-conversion mixer with RF back-gate excitation topology in 22-nm
FD-SOI,” in Proc. 17th Eur. Microw. Integr. Circuits Conf. (EuMIC),
Sep. 2022, pp. 296–299, doi: 10.23919/EuMIC54520.2022.9923503.

[16] L. Nyssens et al., “A 2.5–2.6 dB noise figure LNA for 39 GHz band
in 22 nm FD-SOI with back-gate bias tunability,” in Proc. 17th Eur.
Microw. Integr. Circuits Conf. (EuMIC), Sep. 2022, pp. 60–63, doi:
10.23919/EuMIC54520.2022.9923552.

Authorized licensed use limited to: Jacques Sombrin. Downloaded on February 13,2025 at 13:05:27 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/ICIMIA48430.2020.9074973
http://dx.doi.org/10.1109/BCICTS50416.2021.9682480
http://dx.doi.org/10.1109/BCICTS50416.2021.9682480
http://dx.doi.org/10.1109/BCICTS50416.2021.9682480
http://dx.doi.org/10.1109/RFIC.2019.8701875
http://dx.doi.org/10.1109/TED.2015.2458339
http://dx.doi.org/10.1109/TED.2015.2458336
http://dx.doi.org/10.1109/MSSC.2017.2745738
http://dx.doi.org/10.1109/ULIS.2017.7962569
http://dx.doi.org/10.1109/ESSDERC.2017.8066613
http://dx.doi.org/10.1109/ESSDERC.2017.8066613
http://dx.doi.org/10.1109/ESSDERC.2017.8066613
http://dx.doi.org/10.1109/ISSCC.2019.8662293
http://dx.doi.org/10.1109/ISSCC42613.2021.9365782
http://dx.doi.org/10.1109/IRPS48227.2022.9764590
http://dx.doi.org/10.1109/TCSII.2019.2921252
http://dx.doi.org/10.1109/RFIC49505.2020.9218317
http://dx.doi.org/10.23919/EuMIC54520.2022.9923503
http://dx.doi.org/10.23919/EuMIC54520.2022.9923552


NYSSENS et al.: ANALYSIS OF BACK-GATE BIAS CONTROL ON EVM MEASUREMENTS 761

[17] G. Tochou, A. Cathelin, A. Frappé, A. Kaiser, and J. Rabaey, “Impact of
forward body-biasing on ultra-low voltage switched-capacitor RF power
amplifier in 28 nm FD-SOI,” IEEE Trans. Circuits Syst. II, Exp. Briefs,
vol. 69, no. 1, pp. 50–54, Jan. 2022, doi: 10.1109/TCSII.2021.3088996.

[18] F. Torres, A. Cathelin, and E. Kerhervé, Millimeter-Wave Power
Amplifiers for 5G Applications in 28 Nm FD-SOI Technology. Cham,
Switzerland: Springer, 2020, pp. 169–222, doi: 10.1007/978-3-030-
39496-7_8.

[19] J. Rusanen, M. Hietanen, A. Sethi, T. Rahkonen, A. Pärssinen, and
J. P. Aikio, “Ka-band stacked power amplifier on 22 nm CMOS FDSOI
technology utilizing back-gate bias for linearity improvement,” in Proc.
IEEE Nordic Circuits Syst. Conf. (NORCAS), NORCHIP Int. Symp. Syst.-
Chip (SoC), Oct. 2019, pp. 1–4, doi: 10.1109/NORCHIP.2019.8906915.

[20] J. C. Mayeda, J. Tsay, D. Y. C. Lie, and J. Lopez, “Effective AM-PM
cancellation with body bias for 5G CMOS power amplifier design
in 22nm FD-SOI,” in Proc. IEEE Int. Symp. Circuits Syst. (ISCAS),
May 2019, pp. 1–4, doi: 10.1109/ISCAS.2019.8702159.

[21] K. Kim, K. Lee, S. Cho, G. Shin, and H.-J. Song, “A 28–34-GHz
stacked-FET power amplifier in 28-nm FD-SOI with adaptive back-gate
control for improving linearity,” IEEE Solid-State Circuits Lett., vol. 4,
pp. 52–55, 2021, doi: 10.1109/LSSC.2021.3054885.

[22] H.-T. Dabag, B. Hanafi, F. Golcuk, A. Agah, J. F. Buckwal-
ter, and P. M. Asbeck, “Analysis and design of stacked-FET
millimeter-wave power amplifiers,” IEEE Trans. Microw. Theory Techn.,
vol. 61, no. 4, pp. 1543–1556, Apr. 2013, doi: 10.1109/TMTT.2013.
2247698.

[23] S. N. Ong et al., “A 22nm FDSOI technology optimized for RF/mmWave
applications,” in Proc. IEEE Radio Freq. Integr. Circuits Symp. (RFIC),
Jun. 2018, pp. 72–75, doi: 10.1109/RFIC.2018.8429035.

[24] J. R. Long, “Monolithic transformers for silicon RF IC design,” IEEE
J. Solid-State Circuits, vol. 35, no. 9, pp. 1368–1382, Sep. 2000, doi:
10.1109/4.868049.

[25] B. Park et al., “Highly linear mm-wave CMOS power amplifier,”
IEEE Trans. Microw. Theory Techn., vol. 64, no. 12, pp. 4535–4544,
Dec. 2016, doi: 10.1109/TMTT.2016.2623706.

[26] F. Wang and H. Wang, “An instantaneously broadband ultra-compact
highly linear PA with compensated distributed-balun output net-
work achieving >17.8dBm P1dB and >36.6% PAEP1dB over 24
to 40 GHz and continuously supporting 64-/256-QAM 5G NR
signals over 24 to 42 GHz,” in IEEE Int. Solid-State Circuits
Conf. (ISSCC) Dig. Tech. Papers, Feb. 2020, pp. 372–374, doi:
10.1109/ISSCC19947.2020.9063157.

[27] M. Vigilante and P. Reynaert, “A wideband class-AB power amplifier
with 29–57-GHz AM–PM compensation in 0.9-V 28-nm bulk CMOS,”
IEEE J. Solid-State Circuits, vol. 53, no. 5, pp. 1288–1301, May 2018,
doi: 10.1109/JSSC.2017.2778275.

[28] G. Diverrez, E. Kerhervé, M. De Matos, and A. Cathelin, “A 26–44 GHz
28 nm CMOS FD-SOI slow-wave tunable hybrid coupler for 5G applica-
tion,” in IEEE MTT-S Int. Microw. Symp. Dig., Jun. 2023, pp. 182–185,
doi: 10.1109/IMS37964.2023.10188213.

[29] M. Rack and J.-P. Raskin, “(Invited) SOI technologies for RF and
millimeter wave applications,” ECS Trans., vol. 92, no. 4, pp. 79–94,
Jul. 2019, doi: 10.1149/09204.0079ecst.

[30] L. Nyssens, “A systemic analysis of silicon substrates toward improve-
ments of integrated FD-SOI circuits performance at mm-wave frequen-
cies,” Ph.D. dissertation, Inst. Inf. Commun. Technol., Electron. Appl.
Math., Université catholique de Louvain, Ottignies-Louvain-la-Neuve,
Belgium, 2023. [Online]. Available: http://hdl.handle.net/2078.1/277786

[31] P. M. Asbeck, N. Rostomyan, M. Özen, B. Rabet, and J. A. Jayamon,
“Power amplifiers for mm-wave 5G applications: Technology compar-
isons and CMOS-SOI demonstration circuits,” IEEE Trans. Microw.
Theory Techn., vol. 67, no. 7, pp. 3099–3109, Jul. 2019, doi:
10.1109/TMTT.2019.2896047.

[32] T. Capelli-Mouvand, A. Ghiotto, P. Cathelin, and N. Deltimple,
“5G millimeter wave active phased-array antenna active load
pulling evaluation on power amplifiers,” in Proc. 15th Eur.
Conf. Antennas Propagation (EuCAP), Mar. 2021, pp. 1–5, doi:
10.23919/EuCAP51087.2021.9410977.

[33] J. B. Sombrin, “Effective AM/AM and AM/PM curves derived from
EVM simulations or measurements on constellations,” in Proc. 99th
ARFTG Microw. Meas. Conf. (ARFTG), Jun. 2022, pp. 1–4, doi:
10.1109/ARFTG54656.2022.9896478.

[34] B5G; NR; Base Station (BS) Radio Transmission and Reception,
document TS 38.104 version 17.8.0 Release 17, 3GPP, 2023.
[Online]. Available: https://www.etsi.org/deliver/etsits/138100138199/
138104/17.08.0060/ts138104v170800p.pdf

[35] J. Mayeda, C. Sweeney, D. Y. C. Lie, and J. Lopez, “A 19.1–46.5 GHz
broadband efficient power amplifier in 22 nm CMOS FD-SOI for mm-
wave 5G,” in Proc. IEEE Int. Symp. Circuits Syst. (ISCAS), May 2022,
pp. 1112–1116, doi: 10.1109/ISCAS48785.2022.9937729.

[36] F. Wang, T.-W. Li, S. Hu, and H. Wang, “A super-resolution
mixed-signal Doherty power amplifier for simultaneous linearity and
efficiency enhancement,” IEEE J. Solid-State Circuits, vol. 54, no. 12,
pp. 3421–3436, Dec. 2019, doi: 10.1109/JSSC.2019.2937435.

[37] Z. Zong et al., “A 28 GHz two-way current combining stacked-
FET power amplifier in 22 nm FD-SOI,” in Proc. IEEE Cus-
tom Integr. Circuits Conf. (CICC), Mar. 2020, pp. 1–4, doi:
10.1109/CICC48029.2020.9075906.

[38] Z. Zong et al., “A 28-GHz SOI-CMOS Doherty power amplifier
with a compact transformer-based output combiner,” IEEE Trans.
Microw. Theory Techn., vol. 69, no. 6, pp. 2795–2808, Jun. 2021, doi:
10.1109/TMTT.2021.3064022.

[39] Z. Al-Husseini et al., “A 28 GHz 22FDX® PA with 31.5% peak PAE
and output power of 21 dBm in CW, 18.5 dBm in QPSK, and 12.5
dBm in 64QAM,” in Proc. 52nd Eur. Microw. Conf. (EuMC), Sep. 2022,
pp. 349–352, doi: 10.23919/eumc54642.2022.9924479.

[40] G. Diverrez, E. Kerhervé, M. De Matos, and A. Cathelin, “A 22–42 GHz
28 nm CMOS SOI 3:1 VSWR resilient balanced power amplifier for 5G
application,” in Proc. 18th Eur. Microw. Integr. Circuits Conf. (EuMIC),
Sep. 2023, pp. 273–276, doi: 10.23919/EuMIC58042.2023.10288843.

[41] 5G; NR; Physical Channels and Modulation, document TS 38.211
version 15.2.0 Release 15, 3GPP, 2018. [Online]. Available:
https://www.etsi.org/deliver/etsits/138200138299/138211/15.02.0060/
ts138211v150200p.pdf

Lucas Nyssens (Member, IEEE) received the M.S.
and Ph.D. degrees in electrical engineering from
the Université catholique de Louvain (UCLouvain),
Ottignies-Louvain-la-Neuve, Belgium, in 2017 and
2023, respectively.

His research focuses on the characterization
of passives and MOSFETs on SOI technol-
ogy at millimeter-wave frequencies, toward mate-
rial properties extraction and device figures of
merit assessment. It also includes design of
mm-wave front-end circuitry and advanced on-wafer
calibration techniques.

M. Nabet (Graduate Student Member, IEEE) is a
Ph.D. student with a research focus on substrate
modeling and high-frequency characterization of
RF devices, including passive components such as
CPW lines, inductors, combiners, crosstalk struc-
tures, baluns, and filters in Silicon-on-Insulator
(SOI) technology. His work encompasses compre-
hensive small- and large-signal characterization of
advanced Fully-Depleted (FD) SOI transistors and
circuit modules. Additionally, he contributes to RF
Front-End Module (FEM) circuit design, with exper-

tise in designing RF mixers, high power RF switches, and wideband power
amplifiers.

M. Rack (Member, IEEE) was born in Oxford,
England, in 1991. He received the B.S., M.S., and
Ph.D. degrees in electrical engineering from Uni-
versité catholique de Louvain, Louvain-la-Neuve,
Belgium, in 2012, 2014, and 2021, respectively.
Since then, he has been a Senior Researcher at
Université catholique de Louvain, Belgium, whose
interests include the integration of RF and mm-
wave functionalities in silicon technologies. To that
end he is involved in the complete modeling of
semiconductor substrates for the evaluation of their

impact on RF and mm-wave front-end circuitry, along with the development
of novel high-performance RF substrate solutions. In particular, he is working
on modelling and understanding substrate effects from fundamental material
parameters to the high-level impact on the design and performance of mm-
wave circuit modules in advanced SOI nodes.

Authorized licensed use limited to: Jacques Sombrin. Downloaded on February 13,2025 at 13:05:27 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/TCSII.2021.3088996
http://dx.doi.org/10.1007/978-3-030-39496-7_8
http://dx.doi.org/10.1007/978-3-030-39496-7_8
http://dx.doi.org/10.1007/978-3-030-39496-7_8
http://dx.doi.org/10.1109/NORCHIP.2019.8906915
http://dx.doi.org/10.1109/ISCAS.2019.8702159
http://dx.doi.org/10.1109/LSSC.2021.3054885
http://dx.doi.org/10.1109/TMTT.2013.2247698
http://dx.doi.org/10.1109/TMTT.2013.2247698
http://dx.doi.org/10.1109/TMTT.2013.2247698
http://dx.doi.org/10.1109/RFIC.2018.8429035
http://dx.doi.org/10.1109/4.868049
http://dx.doi.org/10.1109/TMTT.2016.2623706
http://dx.doi.org/10.1109/ISSCC19947.2020.9063157
http://dx.doi.org/10.1109/JSSC.2017.2778275
http://dx.doi.org/10.1109/IMS37964.2023.10188213
http://dx.doi.org/10.1149/09204.0079ecst
http://dx.doi.org/10.1109/TMTT.2019.2896047
http://dx.doi.org/10.23919/EuCAP51087.2021.9410977
http://dx.doi.org/10.1109/ARFTG54656.2022.9896478
http://dx.doi.org/10.1109/ISCAS48785.2022.9937729
http://dx.doi.org/10.1109/JSSC.2019.2937435
http://dx.doi.org/10.1109/CICC48029.2020.9075906
http://dx.doi.org/10.1109/TMTT.2021.3064022
http://dx.doi.org/10.23919/eumc54642.2022.9924479
http://dx.doi.org/10.23919/EuMIC58042.2023.10288843


762 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—I: REGULAR PAPERS, VOL. 72, NO. 2, FEBRUARY 2025

Y. Bendou (Graduate Student Member, IEEE)
was born in Rabat, Morocco, in 1997. Starting
2015, he studied for two years under engineering
preparatory classes in CPGE Moulay, his hometown.
He joined the Grenoble Institute of Technology,
France, in 2017, to continue his engineering cur-
riculum. He then enrolled a M.S. degree in micro
and nanotechnology for integrated systems, jointly
delivered by l’École Polytechnique Fédérale de Lau-
sanne (EPFL), Switzerland, the Politecnico di Torino
(Polito), Italy, and Grenoble INP Phelma, France, in

2020. He is currently pursuing the Ph.D. degree with the Université catholique
de Louvain, Belgium, in collaboration with the company STMicroelectronics
in France, on the design of RF and mm-wave integrated circuits on the
28nm FDSOI technology benefiting from the advantages of high resistivity
substrates.

S. Wane (Member, IEEE), photograph and biography not available at the time
of publication.

J. B. Sombrin (Member, IEEE), photograph and biography not available at
the time of publication.

J.-P. Raskin (Fellow, IEEE) received the M.S. and
Ph.D. degrees in applied sciences from Université
catholique de Louvain (UCLouvain), Louvain-la-
Neuve, Belgium, in 1994 and 1997, respectively.
In 1998, he joined the EECS Department of The
University of Michigan, Ann Arbor, USA, for a post-
doc of two years. In 2000, he joined the Microwave
Laboratory of UCLouvain, Louvain-la-Neuve, Bel-
gium, as an Associate Professor, and he has been
a Full Professor since 2007. From September 2009
to September 2010, he was Visiting Professor at

Newcastle University, Newcastle Upon Tyne, U.K. He is author or co-
author of more than 400 scientific journal articles. His research interests
are the modeling, wideband characterization and fabrication of advanced
SOI MOSFETs as well as micro and nanofabrication of MEMS / NEMS
sensors and actuators, including the extraction of intrinsic material properties
at nanometer scale. He is involved in the development of a more sustainable
electronics. He has been managing a Chair of Excellence in eco-innovation at
CEA-Leti since January 2024. He received the Médaille BLONDEL 2015,
the SOI Consortium Award 2016, the European SEMI Award 2017, the
Médaille AMPERE 2019, the Georges Vanderlinden Prize 2021 and the IET
Achievement Medal in Electronics 2022, in recognition in his vision and
pioneering work for RF SOI. He has been elected member of the Royal
Academy of Belgium in 2023.

D. Lederer (Member, IEEE) received the Electrical
Engineering and Ph.D. degrees in applied sciences
degree from the Université catholique de Louvain,
Belgium, in 2000 and 2006, respectively. He then
pursued post-doctoral studies at the Tyndall National
Institute, Cork, Ireland where he worked on the
fabrication and characterization of Si nanowires.
From 2000 till 2006, he was a Research Assistant
on the wideband characterization of advanced SOI
material and devices for high frequency applications.
He joined the private sector in 2008 to develop

electronics and microwave products for circa 15 years within the Research
and Development teams of various small and large companies. From 2016 till
2020, he joined Global Foundries where he worked on the development of
SOI-based technologies for microwave and mmWave applications (5G, 6G,
IOT, automotive radars). He joined UCLouvain in 2020 as a Professor and
conducts research in the field of THz technologies, devices and circuits. He
is the owner of six patents and the author and co-author of more than 140
technical papers and conference contributions.

Authorized licensed use limited to: Jacques Sombrin. Downloaded on February 13,2025 at 13:05:27 UTC from IEEE Xplore.  Restrictions apply. 


