
Solid-State Electronics 125 (2016) 73–81
Contents lists available at ScienceDirect

Solid-State Electronics

journal homepage: www.elsevier .com/locate /sse
FinFET and UTBB for RF SOI communication systems
http://dx.doi.org/10.1016/j.sse.2016.07.004
0038-1101/� 2016 Elsevier Ltd. All rights reserved.

E-mail address: jean-pierre.raskin@uclouvain.be
Jean-Pierre Raskin
Institute of Information and Communication Technologies, Electronics and Applied Mathematics (ICTEAM), Université catholique de Louvain (UCL), Place du Levant, 3,
Maxwell Building, bte L5.03.02, B-1348 Louvain-la-Neuve, Belgium
a r t i c l e i n f o

Article history:
Available online 25 July 2016

The review of this paper was arranged by
Jurriaan Schmitz

Keywords:
Silicon-on-Insulator (SOI)
High-resistivity SOI substrate
Trap-rich SOI substrate
FinFET
Ultra Thin Body and BOX (UTBB)
Analog/RF performance
Cutoff frequency
Fringing capacitance
Self-heating
Mutiple gate MOSFET
a b s t r a c t

Performance of RF integrated circuit (IC) is directly linked to the analog and high frequency characteris-
tics of the transistors, the quality of the back-end of line process as well as the electromagnetic properties
of the substrate. Thanks to the introduction of the trap-rich high-resistivity Silicon-on-Insulator (SOI)
substrate on the market, the ICs requirements in term of linearity are fulfilled. Today partially depleted
SOI MOSFET is the mainstream technology for RF SOI systems. Future generations of mobile communica-
tion systems will require transistors with better high frequency performance at lower power consump-
tion. The advanced MOS transistors in competition are FinFET and Ultra Thin Body and Buried oxide
(UTBB) SOI MOSFETs. Both devices have been intensively studied these last years. Most of the reported
data concern their digital performance. In this paper, their analog/RF behavior is described and compared.
Both show similar characteristics in terms of transconductance, Early voltage, voltage gain, self-heating
issue but UTBB outperforms FinFET in terms of cutoff frequencies thanks to their relatively lower fringing
parasitic capacitances.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The Radio Frequency (RF) performance of an integrated circuit
will not only depend on the analog and high frequency character-
istics of the active devices, i.e. the transistors, but also the quality
of the back-end of line process which defines the losses along the
interconnection line and the quality factor of the passive elements
such as the inductors and tunable capacitors, as well as the electro-
magnetic properties of the substrate on which the RF integrated
circuit (IC) is lying. Fig. 1 schematically represents the three impor-
tant levels of optimization for a RF IC.

The parasitic resistances (metal lines and vias) and capacitances
(dielectric layers) along the interconnection constitute a low-pass
filter which drastically limits the operational frequency of ICs [1].
Advanced back-end of line (BEOL) process provides higher number
of metal lines, thicker metal layers, low-k dielectric interlayers and
denser vias using carbon nanotubes are investigated for diminish-
ing the parasitic resistances between metal layers [2–6].

The substrate losses and crosstalk remain a challenge for
designing high-performance ICs in Si-based technologies for RF
applications. In 1997, the RF performance of high-resistivity (HR)
Silicon-on-Insulator (SOI) substrate material was presented for
the first time [7]. The great potential of HR SOI substrate to reduce
RF losses as well as the crosstalk in Si-based substrates was
demonstrated. Prior to this work, the scientific community consid-
ered the Si-based substrate as the limiting and blocking obstacle
for working RF ICs. In 2000s, Prof. Raskin’s research team made
the fundamental discovery that enables the success of RF-SOI on
the market today. The root cause of missing RF performance of
standard HR SOI was found by demonstrating the existence of a
parasitic surface conduction [8–10] below the buried oxide and
the way to disable it by introducing traps. In 2005, the possibility
of creating HR SOI substrates characterized with an effective resis-
tivity as high as 10 kX cm due to the silicon surface modification
below the buried oxide (BOX) of a high resistivity SOI substrate
was demonstrated [11]. The surface modification consists of the
introduction of a high density of defects called traps at the BOX/
HR-Si handle substrate. There are several ways to create those
traps [11–13] but the grain boundaries in a thin polysilicon layer
have been shown as a quite efficient and robust solution. The latest
results obtained with the new generation of trap-rich SOI sub-
strates are presented in Section 7.

Today, partially depleted (PD) Silicon-on-Insulator (SOI) with a
channel length of 130 nm is the mainstream technology for RF SOI
ICs. New generation of mobile communication systems such as 5G
require higher cutoff frequency for the system, better linearity and
lower power consumption. Moreover the integration of high
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Fig. 1. RF IC quality relies on the back-end and front-end of line processes as well as
the substrate electromagnetic properties.
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quality passive elements such inductors requires higher number
and thicker metal layers. Thus, for getting higher transistor cutoff
frequencies and better BEOL, RF SOI must move to shorter nodes.
However, further reduction of device dimensions is problematic
due to intrinsic physical limitations such as short channel effects,
high current leakage through gate dielectrics, high series resis-
tances, lowmobility due to interface effects and high doping levels,
high current density and thus self-heating and reliability issues,
and so on. The most common strategies to address these challenges
include the introduction of new materials such as germanium, III-
V, high-k gate dielectrics and metal gates, low-k for the back-end
dielectrics and gate spacers, SOI technology, strain channel engi-
neering, and alternative device architectures such as multiple gate,
i.e. FinFET, planar double-gate, gate-all-around (GAA) nanowires,
or tunnel FET, etc.

Fully Depleted (FD) electronic regime is a promising approach
to continue scaling of MOSFETs. Scaling the thickness of the silicon
body is proposed in the case of FinFET and ultra-thin body and bur-
ied oxide (BOX), named as UTBB, technologies in order to control
short channel effects (SCE) [14,15]. In order to limit SCE, the chan-
nel thickness must be approximately 1/4 and 2/3 of the channel
length, respectively, in the case of UTBB and FinFET. Technological
aspects, electrostatics, scalability and variability issues in UTBB FD-
SOI MOSFETs as well as their perspectives for low power digital
applications are widely discussed and shown to be excellent [16–
25]. However, lateral coupling of source and drain through the sub-
strate is enhanced in the case of thin-BOX devices. To mitigate this
parasitic substrate coupling a highly-doped layer is implanted
right underneath the BOX, or so-called Ground Plane (GP), which
screens or prevents electric field lines penetration into the sub-
strate. Furthermore, the GP opens a practical way for multi-
threshold voltage (Vth) and back-gate biasing schemes realization
[26].

Good DC figures of merit (FoM) of FinFET and FD planar SOI
devices were previously reported in [15,27], respectively. However,
analog/RF FoM for both advanced devices have not been widely
reported. In this paper, the analog and RF behaviors of FinFET
and UTBB are presented and compared. The transconductance,
the Early voltage and the voltage gain are presented in Section 3,
and the self-heating issue and the cutoff frequencies are described,
respectively, in Sections 4 and 5. Finally, the RF performance of
standard and trap-rich high-resistivity SOI substrates are com-
pared in Section 7.
Fig. 2. Early voltage for 10-lm-long FinFETs with different fin widths at Vgs = 0.5 V
and Vds = 1.0 V [34].
2. Experimental devices

UTBB, called also 28 FD-SOI, were fabricated at ST-
Microelectronics, Crolles, France, and FinFET at IMEC, Leuven,
Belgium.
UTBB presents a BOX, a Si body and an equivalent gate oxide
thicknesses of 25 nm, 7 nm and 1.3 nm, respectively. The channel
is strained, left undoped and rotated by 45� from the (100) plane.
The gate stack is formed by a HfSiON dielectric with the equivalent
oxide thickness of 1.3 nm and a TiN electrode. Elevated source-
drain structures are employed to reduce parasitic access resis-
tances. The ground-plane implantation introduced under the BOX
is well-type. The gate lengths of the measured devices range from
26 nm to 1 lm. More details about the process can be found in
[27].

40 nm-long n-channel FinFETs were fabricated on SOI wafers
with around 60 nm-thick top Si layer and 145 nm-thick BOX. Fin
patterning (resulting in a 60 nm fin height) is followed by gate
stack (HfO2 dielectric + TiN gate) deposition, spacer formation,
highly doped drain (HDD) implant, Ni silicidation and Cu Back-
End-of-Line (BEOL). The background doping of the silicon fins is
1015 cm�3, and no additional fin doping, threshold voltage adjust
implants or halo (pocket) implants are used. FinFETs are composed
of parallel gate fingers, each finger containing an array of parallel
fins in order to design devices with appropriate channel width/
length ratios, fin widths varying from 12 to 82 nm, numbers of fins
per finger ranging from 5 to 20 and fin spacing between 228 and
528 nm. More details about the FinFET structures and technology
can be found in [28–30].

Multi-finger devices are used for both UTBBs and FinFETs and
embedded in coplanar waveguide (CPW) access pads for perform-
ing on-wafer wideband electrical characterization from a few kHz
up to 110 GHz [31].

3. Analog performance

Fig. 2 shows the experimental dependence of Early voltage (VEA)
on the fin width (Wfin) for 10-lm-long FinFETs at a gate (Vgs) and
drain (Vds) voltage of 0.5 V and 1.0 V, respectively. In order to be sure
that self-heating was not affecting the extraction of VEA, we mea-
sured the drain conductance in the 50 kHz–100 MHz frequency
range. For large Wfin, the devices operate as partially depleted (PD)
transistors and the output conductance in saturation can be further
deteriorated by the kink effect. AsWfin decreases, the devices move
toward the FD operation, the kink effect is suppressed, the channel
control from the gates is enhanced and, as a result, VEA improves. For
the narrowest fins, VEA is strongly increased to values on the order of
100 V/lm of the channel length. According to the literature, such
high VEA values have only been experienced in devices operating
in volume-inversion (VI), for instance 13 V for 0.2 lm-long FD
single-gate (SG) MOSFETs operating in quasi-DG regime [32] or
150 V for 3 lm-long gate-all-around (GAA) DG MOSFETs [33].



J.-P. Raskin / Solid-State Electronics 125 (2016) 73–81 75
Fig. 3 benchmarks the studied 28 nm node UTBB against other
technologies. Selected bias conditions are those that are typically
used for analog applications and thus the data for other technolo-
gies are available [28,35]. Variation of transconductance gm with
the voltage gain (Av) is chosen as a figure of merit. The bench-
marked technologies include SOI FinFETs [30], planar MOSFETs
[30] and UTBB MOSFETs [35]. FD SOI MOSFETs are very close and
can even outperform optimized FinFETs particularly if narrow
channel devices are used. It would be important to point out that
UTBB FD SOI MOSFETs maintain their excellent performance in a
wide temperature range, with very limited degradation of main
parameters [36]. For instance, only 5 dB reduction of Av0 was
observed over 200 �C. This makes UTBB FD SOI MOSFETs particu-
larly attractive for high-precision analog circuits. Furthermore, Av

was demonstrated [36] to be maximized in the moderate inversion
regime (at �Vth), which is beneficial for low-power applications.
Fig. 3. Transconductance variation as a function of voltage gain for various FD SOI
technologies under DC conditions [37].

Fig. 4. Variation of gm with Av extracted at various frequencies for UTBB at
Vg = Vd = 1 V [37].
The gm–Av analog metric in Fig. 3 is obtained at DC, however,
due to frequency dependence of self-heating and substrate effects
[36], DC techniques do not provide fair assessment of analog FoM
of devices aimed for high frequency operation. Therefore, RF char-
acterization method was used. Fig. 4 shows gm–Av in the frequency
range from 100 kHz to 1 GHz for UTBB. An increase of gm and a
reduction of Av with increasing frequency are observed. It is worth
noting that the Av variation with frequency is dominated by strong
gd frequency dependence. Indeed, depending on the gate length, gd
increases by 25–70% due to self-heating and substrate coupling
whereas gm increases only by 1–10%.

Fig. 4 shows the output conductance (gd) variation in the fre-
quency range from 40 kHz to 4 GHz in devices with various gate
lengths at gate (Vg) and drain (Vd) voltage of 1 V. The channel
length reduction results in a stronger gd variation. The increase
of gd in the frequency range up to a few gigahertz in SOI devices
can be attributed to self-heating [38,39] and the substrate effect
[40].
4. Self-heating issues

Self-heating in semiconductor devices arises because of device
scaling which naturally leads to higher current and power densi-
ties. Self-heating strongly affects analog device performance. It
results in a higher device temperature, which leads to threshold
voltage shift [41], mobility reduction, and consequently degrada-
tion of the output current. Additionally, self-heating affects the
off-current, series resistance, and the carrier saturation velocity
[41,42]. It reduces device reliability [43–47], increases electromi-
gration, and introduces a temperature gradient at both, device
and chip level, potentially causing timing errors and delayed sig-
nals. Due to the finite thermal capacitance of a device, the dynamic
self-heating is removed if a device operates above a certain fre-
quency [41]. This frequency can range from a few kHz to few hun-
dreds of MHz, depending on the device geometry. Once the
dynamic self-heating is removed, the device temperature does
not follow voltage oscillations and the device operates at a con-
stant elevated temperature. The dependence of self-heating on fre-
quency introduces undesirable performance variation with
frequency in analog applications, such as the amplifier gain becom-
ing a function of frequency. Quantifying the effect of self-heating is
important for device and circuit designers.

Pulsed I–V and AC conductance or RF characterization tech-
niques, within the time and the frequency domain, respectively,
represent two approaches for evaluating self-heating in solid-
state devices. In [38], it was demonstrated that the existing pulsed
I-V characterization setups do not provide sufficiently short pulses
to completely avoid the temperature rise in the channel for
advanced MOSFETs. RF thermal characterization is required as
the isothermal frequencies of the advanced devices enter the giga-
hertz region [29,48]. Since the silicon volume of the advanced MOS
devices is so much reduced the thermal time constant (of devices
today) is in the range of a few tens of ns. Self-heating was then
evaluated using the RF extraction method described in [38]. The
method relies on proportionality of the thermal resistance to gd
difference at high (isothermal) and low frequencies (Fig. 5).

The temperature rise is a product of the thermal resistance, the
drain current and the drain voltage. Fig. 6 presents the temperature
rise in the device active region of FinFETs above ambient (fixed at
300 K) for different fin widths. The temperature rise is obtained at
a constant power of 50 mW. The temperature rise is smaller in
devices with wider fins and a higher number of parallel fins (not
shown here) due to the reduced thermal resistance as expected.
Fig. 7 shows the variation of average temperature with the gate
length (for UTBB) at Vg = Vd = 1.0 V. For the same channel length,



Fig. 5. Output conductance variation with frequency in devices with various gate
lengths at Vg = Vd = 1 V [37].

Fig. 6. Temperature rise above ambient in the channel of FinFETs with varying fin
widths at constant power (50 mW) [29].

Fig. 7. Average temperature rise due to self-heating in UTBB devices with various
gate lengths at Vg = Vd = 1.0 V.
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UTBB and FinFET present similar self-heating behavior. Both
devices are characterized by a quite thin and narrow silicon chan-
nel and the main thermal path from the channel is the source and
drain contacts to the back-end metallic lines.

5. Cutoff frequency

MOSFET frequency performance is evaluated by two major fig-
ures of merit, i.e. the maximum oscillation frequency, fmax, and the
current gain cutoff frequency, fT.

Fig. 8 shows the fT and fmax variations versus the channel length
Lg for UTBB. Both fT and fmax increase with Lg scaling down but fT
follows a 1/Lg trend (and an even weaker one in shortest devices)
i.e. attenuated comparing with ideally predicted 1/Lg2. This is due
to carrier velocity saturation, parasitic source and drain resistances
Rs, Rd and extrinsic total gate capacitance Cgge. It is important to
point out that in case of devices shorter than 90 nm, fmax becomes
smaller than fT. This is due to the increase of gate resistance Rg with
Lg reduction.

Fig. 9 shows the comparison between the extracted cut-off fre-
quency for FinFETs including the whole parasitic effects (fTe), the
cut-off frequency with the extrinsic series resistances removed
(fTR) and the intrinsic cut-off frequency, i.e. after withdrawing the
parasitic resistances and capacitances (fTi) as a function of the Fin-
FET channel length. First of all, comparing the current gain cutoff
frequency of UTBB (Fig. 8) and FinFET (Fig. 9) of similar channel
length we see that UTBB outperforms FinFET by at least 50%. In
Fig. 9, we can also observe only a marginal improvement of fT after
the removal of the series resistances for FinFET. On the contrary,
after subtracting the total parasitic gate capacitance Cgge, intrinsic
cut-off frequency reaches nearly 400 GHz for a 60 nm-long FinFET.

Fig. 10 compares the extracted extrinsic and intrinsic total gate
capacitances (Cgge and Cggi) for the measured Lg-array FinFETs. The
capacitances are normalized by the total gate oxide capacitance
(Cox). As can be seen, for relatively long channel FinFETs
(Lg = 500 nm), the extrinsic capacitances are much lower compared
with the intrinsic counterparts. However, for short channel devices
(Lg 6 120 nm) Cgge is even greater than Cggi. This effect is more
noticeable as the channel length is decreased.

The origin of the additional parasitic capacitance in the case of
FinFET (and multiple gate devices in general) is directly related to
the metal or polysilicon interconnection between each fin. The par-
asitic capacitance value depends on the proximity between the
gate and S/D electrodes, and it will be more and more important
as Lext is comparable or even shorter than Sfin. For very short Lext,
Fig. 8. fT and fmax versus gate lengths (Lg) for UTBB with Wf = 2 lm and Nf = 10 [49].
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Fig. 11. Three-dimensional view of two fins half-FinFET to highlight the capaci-
tance components C3a and C3b which correspond, respectively, to the fringing
component as was indicated in the Wu’s model [51] and a parallel-plate like
component between the sides of the gate electrode and the S/D contact regions [50].
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Fig. 12. Simulated extrinsic total gate capacitance versus fin spacing for different
channel lengths [52].
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direct electrical coupling exists between both electrodes, and thus
a parallel-plate like capacitor (C3b) must be considered between
the gate electrode and the S/D electrodes, as presented in Fig. 11.
Thus, the C3 component has to be split into two components: (i)
C3a which corresponds to the fringing component as was indicated
in theWu’s model [51], and (ii) C3b a parallel-plate like component.

In [50], measurements and numerical 3-D simulations clearly
demonstrate the fringing capacitance decrease achieved by reduc-
ing the fin spacing, the S/D fin extension as well as by increasing
the fin aspect ratio. In [52], the model showed that triple-gate
FinFETs suffer from very high parasitic gate capacitances which
are larger than the expected projection of the ITRS. It shows that
the FinFET 3-D geometry optimization, such as the fin spacing
reduction as presented in Fig. 12, is not sufficient to fulfill the ITRS
requirements. A total fringing gate capacitance of maximum
0.18 fF/lm for the sub-22-nm technology nodes is targeted, and
therefore the use of new materials and process such as the air
gap or low-k dielectric spacers is of prime importance.

6. Benchmarking with state-of-the art devices

The benchmarking of fT and gm for the UTBB and other state-of-
the art technologies are shown in Fig. 13. As can be seen, the
highest gm and fT of 1800 mS/mm and 480 GHz, respectively, is
reported for 45 nm-node CMOS technology based on PD-SOI MOS-
FET with strained channel [53]. Fig. 13a and b show the direct cor-
relation between gm-max and fT. Our benchmarking illustrates that
the performance of the studied UTBB 28 FD-SOI is much better
than previous reported in [54] and is comparable or better with
other technologies reported before i.e. UTB, PD-SOI, FinFET and
Bulk for similar gate lengths.

It is worth noting that the value of extrinsic fT still remains
below the ITRS roadmap target. Thus, we consider the intrinsic
gm and fT. This allows us for benchmarking the ‘‘estimated
improvement” one could gain with UTBB devices with respect to



Fig. 13. Benchmarking of (a) fT and (b) gm-max of state-of-the art MOSFETs versus
gate length, Lg (nm) [54].

Fig. 14. Measured effective resistivity of a high-resistivity SOI substrate (HR SOI)
and a trap-rich (TR SOI, i.e. eSI HR-SOI from Soitec) HR SOI substrate presenting
both of them a handle Si substrate characterized by a nominal resistivity of
10 kX cm. While TR SOI presents an effective resistivity of around 10 kX cm, the
value of the HR SOI without traps is actually only of 200X cm.
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other state-of-the-art technologies. One can see that intrinsic gm
(w/o Rsd) shown in Fig. 13a is significantly high (as high as
�1600 mS/mm), a value which is comparable with measured gm
obtained from strained technology devices. However, such
improvement is not directly translated into significant improve-
ment in fT (Fig. 13b) and still inadequate to meet ITRS [55] require-
ments. Next we consider Rsd = 300X lm and Cgg = 0.7 fF/lm as in
ITRS requirement for FD-SOI technology. The result shows that
the gm (Rsd from ITRS, Fig. 13a) and fT (w/ Rsd and Cgg ITRS,
Fig. 13b) as high as �1350 mS/mm and 310 GHz can be achieved
respectively. Such values are comparable with strained silicon
technology and extremely thin SOI (ETSOI) with strain
implementation.

As presented in [54], the total gate capacitance for PD SOI is
about 0.71 fF/lm which is much lower than the extrinsic capaci-
tance observed in multi-channel (i.e. stacked gate-all-around
Si nanowires) and FinFET [50] with value of 2.60 fF/lm and
1.0 fF/lm, respectively. In [56–58] the comparison shows that
the extrinsic gate capacitance of multi-channel device contributes
five-time and FinFET is 40% higher than planar single-gate devices,
respectively.

Besides the mobility boosters, an efficient improvement is
achievable by optimization of process and architecture targeting
reduction of parasitic series resistances and capacitances using
(i) silicidation process of the source, drain and gate regions [59],
(ii) optimization in device layout and dimension (i.e. gate
pitch and width) to reduce the fringing effects at the perimeter,
(iii) optimization on the underlap length, i.e. when the effective
channel length is longer than physical channel length, which pro-
vides a trade-off between gm (which is related to parasitic resis-
tances) and Cgg [60,61], (iv) device architecture and spacer
materials: modification of the device architecture such as introduc-
tion of faceted source and drain [62–64], low-j spacer materials
[65,66], gate capping layer thickness [66] and gate-height [66]
can be used to reduce the fringing parasitic capacitance effect.
7. RF SOI substrates

Since 2009, Prof. Raskin’s research team has been collaborating
with Soitec to develop a lossless trap-rich SOI substrate for RF
applications. Soitec now provides a new type of HR-SOI called eSITM,
for enhanced Signal Integrity substrate with a measured effective
resistivity as high as 10 kX cm. Due to the introduction of eSI,
the RF SOI substrate can really be considered as a lossless Si-
based substrate. This high-resistivity characteristic, which is con-
served after a full CMOS process [67], translates to very low RF
insertion loss (<0.15 dB/mm at 1 GHz) along coplanar waveguide
(CPW) transmission lines, an effective resistivity close to the nom-
inal silicon substrate resistivity (Fig. 14), a purely capacitive cross-
talk similarly to quartz substrate (Fig. 15) [68] and integrated
inductors with a high quality factor (Fig. 16) [69].

Besides the insertion loss issue along interconnect lines, the
generation of harmonics in the Si-based substrates has been inves-
tigated. It has been demonstrated that the harmonic level originat-
ing from the substrate is reduced by at least 20 dB by moving from
standard resistivity SOI substrates (�10X cm) to high resistivity
SOI (�1 kX cm), and more importantly, an additional drop of
40 dB is achieved with the innovative trap-rich HR SOI (TR SOI)
substrate (Fig. 17). This low harmonic level is comparable with
insulating substrates [70].

RF-SOI wafers are mainstream today on cellular and connectiv-
ity switch market whereas they were not even in production in
2008, with GaAs being mainstream at the time (Fig. 18). Beyond
the RF switch, eSI RF-SOI technology opens the path for further sys-
tem integration in the Front End Module space as well as even
more complex mixed signal System-on-Chip (SoC). As highlighted
by several press releases, the demand for the newly developed
HR-SOI is booming and it is becoming the major material for
high-performance RF applications. All major foundries in the field
of RF applications across US, Europe and Asia have adopted the
newly developed HR SOI substrates. It is also worth noting that
inspired by Prof. Raskin’s discovery, since 2009 IBM has been



Fig. 15. Measured crosstalk response (S21) for the basic test structure on quartz
and HR based-Si substrates with (TR SOI, i.e. eSI HR-SOI from Soitec) and without
(HR SOI) 300 nm-thick polysilicon trap-rich layer. The distance d between the
disturbing input and the output device is 50 lm.

Fig. 16. Measured quality factor of a 2 nH spiral inductor integrated on top of HR
SOI and TR SOI (i.e. eSI HR-SOI from Soitec) substrates.

Fig. 17. Measured harmonic distortion along a coplanar waveguide transmission
line (CPW) lying on standard SOI (�10X cm) and HR based-Si substrates
(�10 kX cm) with (TR SOI, i.e. eSI HR-SOI from Soitec) and without (HR SOI)
300 nm-thick polysilicon trap-rich layer. Identical CPW transmission line has been
measured on top of a quartz substrate to quantify the harmonic measurement noise
floor.

Fig. 18. Rapid adoption of trap-rich SOI substrate for RF switches.
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proposing an alternative technology, also based on the introduc-
tion of defects into Si underneath the BOX, by pattern ion implants
in order to enhance the RF performance of SOI RF integrated cir-
cuits [71].

There is a consensus across analysts and RF-SOI players to say
that 2016 RF-SOI volume production will exceed one million
wafers. Regarding fabless, all Front End Module makers have
moved their antenna switches from GaAs to RF-SOI. Skyworks
claim that 70% of its module have RF-SOI inside. Twenty billions
RF-SOI ICs will be built in 2016, most of them going into FEM mar-
ket representing 16 billions dollars. Analysts Yole and Navian claim
that more than 85% of antenna switches are now on RF-SOI. Since
there is average four switches per SmartPhone, we can say that 99%
of smartphones have RF-SOI inside. In iPhone6s, based on Soitec
estimates, there are 10 modules having RF-SOI inside.
8. Conclusion

FinFET and UTBB SOI MOSFETs are the promising advanced
devices to fulfill the ITRS requirements. Efforts must be made on
the reduction of the parasitic resistances and capacitances, espe-
cially in the case FinFET, to still get high-speed and high-
frequency behavior improvements with the transistor channel
length downscaling. RF-SOI continues to grow at 20% Compound
Annual Growth Rate, driven by switch, power amplifier, low noise
amplifier, etc. Present ramping of 300 mmwafers is enabling nodes
below 65 nm, targeting 5G, millimeter-waves, and advanced
System-on-Chip. The next innovative step will be the integration
of advanced SOI MOSFETs such as FinFET or UTBB with trap-rich
SOI substrate.
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