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ABSTRACT In this paper, we have developed a methodology of a lateral profiling technique of the
channel local temperature in 14 nm FinFET, incurred by the self-heating effect (SHE). As SHE happens,
the thermal source generated near the drain will dissipate toward the source side. Since the interaction
between RTN trap and channel carriers is very sensitive to the temperature, the channel local temperature
can be extracted through this interaction process between random-telegraph-noise (RTN) trap and carriers,
and the position of the channel local temperature can be obtained from the RTN trap position. The results
show that the highest temperature happens at the drain edge during SHE and pFinFET exhibits a much
higher temperature than that of nFinFET. Furthermore, the distribution of channel local temperature can
be described by the Fourier’s law of thermal conduction. Averaged channel temperature can be used
to extract the thermal resistance, Rth, which increases rapidly as the channel length is scaled down to
20 nm, further degrading the SHE, in terms of a significant short channel effect. We also found that the
incremental channel resistance is proportional to the incremental channel local temperature, whose slope
indicates the degree of SHE, and the slope of pFinFET is larger than that of nFinFET. Finally, SHE
will cause 10% and 14% degradation of IdVds for n- and pFinFET respectively. This can be reasonably
explained by the decay of saturation velocity in high temperature. The results obtained based on this
methodology will help us on the understanding of the SHE impact on a nano-scaled FinFET device.

INDEX TERMS FinFET, self-heating effect, random telegraph noise.

I. INTRODUCTION
The self-heating effect has been an important issue since the
development of the semiconductor-on-insulator (SOI) archi-
tecture in 1990s because the thermal conductance of buried
SiO2 in SOI is much smaller than that of silicon. When
CMOS devices are forced by a driving voltage, channel
minority carriers with a high speed transport in the cramped-
volume channel between the gate-oxide and buried oxide.
During this process, the phonon scattering event increases,
which continues to heat up the silicon lattice. Since it is dif-
ficult to dissipate the heat through the buried oxide, the
thermal is accumulated in the channel. As a result, the
channel local temperature arises, known as “self-heating

effect” (SHE) [1]. As MOSFETs are further scaled follow-
ing the G. E. Moore’s prediction [2], the device structure has
been evolved into a three-dimensional (3D) FinFET to over-
come severe short-channel effect. In the first generation of
FinFET, it was fabricated on SOI [3]; however, the cost on
SOI is much higher than that on bulk wafers, and hence the
mainstream of FinFET has been fabricated on a bulk wafer
since 22nm node [4]. In a bulk-type FinFET, there are two
kinds of the shallow-trench –isolation (STI), including the
isolated STI and inner-Fin STI. The former is used to isolate
n- and p-well, which should be wider and deeper; the latter
is inserted between fins in a multi-fin structure to define the
fin-pitch, which should be narrower and shallower, Fig. 1(a).
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FIGURE 1. (a) Definition of Fin-pitch. (b) In planar bulk MOSFET, heat can
be dissipated not only to the lateral direction but also to well direction.
(c) However, in bulk FinFET, the path of dissipation has been stopped by
inner-Fin STI in the lateral direction, which decreases efficiency of heat
dissipation. (d) Different approaches have been developed to characterize
device temperature generated by SHE but failed to provide the details of
channel local temperature from S to D.

As FinFET has been developed from 22nm, 16/14nm [5],
to 10/7nm [6], the fin width becomes narrower, and the fin
height is taller. As a result, SHE-generated heat cannot prop-
agate through inner-fin STI in width direction and only can
dissipate into the well. Efficiency of thermal dissipation in
bulk FinFETs becomes worse, compared to that of planar
CMOS devices, in Fig. 1(b) and 1(c). Eventually, the SHE
happens in bulk FinFET again. SHE causes the reliability
degradation of FinFET, such as PBTI and NBTI [6]. As far
as SHE is concerned, the most important physical parameter
of FinFET is the channel temperature. In the past, researches
have been dedicated to develop experimental approaches
to characterizing this parameter. Menges et al. [7] utilized
Atomic force Microscope (AFM) to scene tiny delta-current-
signals induced by the temperature differences from the
device surface; Takahashi et al. [8] used the four-point probes
to measure the channel temperature from a four-terminal
poly-liner on the DUT(device under test); Franco et al. [9]
used solid-state devices as temperature-sensors, such as diode
or MOSFET [10] near the DUT to detect its thermal radi-
ation during operations, as shown in Fig. 1 (d). However,
the previous works only provided an average value of the
device temperature, which is measured from a relative longer
distance to the DUT but not the exact local temperature
inside the DUT from SHE. The uniqueness in this work
is to develop an experimental measurement to characterize
the channel local temperature of a FinFET by the using of
random-telegraph-noise (RTN) approach so as to profile the
channel local temperature along the channel.
This paper is organized as follows. Section II describes the

fabrication of devices. Section III will develop a methodol-
ogy and its experimental approach to characterize the channel
local temperature of FinFET. Section IV will give the experi-
mental results of the channel local temperature and its lateral
profile from the source to the drain. Moreover, the impacts

FIGURE 2. (a), (b) are device structures of n- and p-FinFET, respectively;
(c), (d) are the cross sections in the channel direction, respectively;
(e), (f) are the cross sections in the width direction, respectively.

of SHE on the FinFET will be discussed as well. Finally,
summary and conclusions will be given.

II. THE FABRICATION OF 14NM FINFET
Fig. 2(a) and (b) show device structures of n- and p- FinFET,
respectively. Fig. 2(c) and (d) show the cross-section views
of n- and p-FinFET from source to drain, respectively.
Fig. 2(e) and (f) show the TEM cross-section of n- and
p-FinFET in the width direction, respectively. Si Fin-bodies
have been defined with an assistance of inner-fin STI for-
mation. Punch-through stopper has been implanted deeply
into the bottom of the Fin-body to prevent the leakage cur-
rent from the source-to-drain. Next, the epitaxial Si and
SiGe S/D with in-situ doped impurities for n- and pFinFET
have been formed and attached on the channel Fin after the
sacrificial poly-gate deposition on a 0.8nm ultra-thin SiO2
thermal oxide. After removal of the poly-gate, 2nm atomic-
layer-deposition (ALD) HfO2 was grown on 0.8m SiO2 film.
Then, ALD TiN film was deposited on HfO2 layer, followed
by the work-function metal. Finally, the post-metal-anneal at
600◦C for 5 minutes has been carried out. E.O.T. (Equivalent
Oxide Thickness) is equivalent to 1.2nm (2nm HfO2/0.8nm
SiO2), formed by HK-last and metal-last process. Different
dimensions of devices with various fin numbers have also
been prepared.

III. THE METHODOLOGY OF CHANNEL LOCAL
TEMPERATURE PROFILING BY RTN MEASUREMENT
Random-telegraph-noise (RTN) is in the form of digital
waveform with two levels, which is actually caused by the
traps generated in the gate dielectric [11]–[14]. Using n-
channel MOSFET as an example, when an RTN trap captures
the electron, this trap has been negatively-charged, and hence
Vth of a transistor increases, while Id decreases accordingly.
On the contrary, when the trap emits the trapped electron,
Vth is brought back to the low value, thereby Id jumps to
a higher current level, Fig. 3(a). Fig. 3(b) shows a switching
waveform of RTN signals. The low level of RTN signals
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FIGURE 3. (a) RTN are signals induced by the interaction of traps in gate
dielectric and electrons in the channel, which forms a digital-like
waveform, composed of τc and τe, (b). (c) Since RTN traps are very close to
the heat generating source during SHE, they can be used to sense the
channel local temperature.

is defined as τe, which is the time-to-emit of the trapped
electron from the RTN trap; the high level of RTN signals
is defined as τc, which is the time-to-be-captured for an
electron into the RTN trap from the channel. RTN traps can
significantly impact the degradation of device reliabilities
when CMOS devices are suffered from the bias-temperature-
instability [15]–[19] or breakdown [20]. One can extract the
values of τe and τc to calculate the depth of RTN traps in the
dielectrics [21]. When the self-heating effect (SHE) occurs
in a FinFET, the thermal source will be generated in the Si
Fin near the drain and beneath the spacer [22], as shown in
Fig. 3(c). If an RTN trap in the gate dielectric is located in
proximity to the thermal source, the capturing or emitting
electrons of RTN trap will be affected by the temperature
gradient from the thermal source. As a result, we came up
with an idea by using the RTN trap to measure the channel
temperature. Fig. 4(a) shows the comparisons of the time to
emit, τe, of nFinFET in logarithm scale, Ln|τe|, against the
drain-to-source bias, Vds, and the chuck temperature, respec-
tively. Both values of Ln|τe| are functions of Vds or the chuck
temperature which show the same trend, that is, the higher
the Vds or the chuck temperature is, the smaller the value of
Ln|τe| becomes. As the chuck temperature is fixed, the Vds
goes high, the channel-to-drain depletion region is expanded,
and transporting electrons in the channel will be acceler-
ated by the built-in electric field under this depletion region,
which become much hotter and reach the channel region near
the drain. As a result, the local channel temperature increases
when Vds is raised up. This increasing temperature intensi-
fies the interaction between electrons and RTN traps, and the
channel electrons are captured by traps more easily, making
a decreasing time-to-emit (τe) of electrons in the RTN trap.
The green line in Fig. 4(a) is a two-slope curve. Before
Vds = 0.51 V, the slope is slow changing but after that
the slope changes fast. It is believed that the local tempera-
ture around this RTN trap is gradually increased when Vds >

0.51V, which gives rise to an increase of the slope. Therefore,

FIGURE 4. (a) The Vds-induced SHE causes the raise of channel local
temperature, which exhibits a similar trend of τe as function of the chuck
temperature. Thus, (b) the chuck temperature is correlated to Vds through
τe to transfer this external temperature to the channel local temperature
caused by Vds. (c) The extraction of activation energy, and the thermal
activation plays an important role in the interaction of the RTN trap and
electrons, (d) and (e). (f) shows the simulated lattice temperature of
nFinFETs under different bias conditions. The hot spot happens at the
underlap region between the gate and drain. Meanwhile, the temperature
is gradually increasing from 300K to around 330K as the Vds raises to 0.6V.

if we keep Vds constant and raise the chuck(external) tem-
perature to directly heat the RTN trap, we should observe
a similar trend since the interaction between electrons and
RTN traps obeys the same principle as the previous case.
Furthermore, we can directly match the Vds and the chuck
temperature through τe in Fig. 4(a) to plot the temperature
as a function of the Vds, as shown in Fig. 4(b), whose slope
is equivalent to 380 in unit of Kelvin divided by Volt (K/V).
K/V is defined as the heat-voltage (Vh), which can be derived
as the following,

Vh = Rth · I = T

P
· I ≡ T

V · I · I = T

V
. Unit: K/Volt (1)

Since the temperature divided by voltage can be written
as thermal resistance multiplied by the current, this physi-
cal quantity is reasonably treated as the heat-voltage (Vh)
in perspective of a thermal circuitry. Moreover, Vh can be
used to efficiently quantify how much temperature can be
increased in a bounded space by the external voltage dur-
ing SHE. Then, one may ask how the interaction between
RTN trap and electrons is affected by the channel temper-
ature? In Fig. 4(c), if we take a plot of Ln|τe| against the
inverse of KBT, in which KB is Boltzmann constant, a lin-
ear fitting slope can be obtained. This slope represents the

868 VOLUME 6, 2018



HSIEH et al.: EXPERIMENTAL APPROACH TO CHARACTERIZING CHANNEL LOCAL TEMPERATURE INDUCED BY SHE IN FinFET

activation energy of an electron in the RTN trap, as derived
in [23], i.e.,

τe = exp [(EF − ET)/kBT]

gσvthn
; (2.1)

ln |τe| = EF − ET
kBT

− ln |vth| − ln |gσn|, (2.2)

where EF-ET is defined as the activation energy, i.e., the
energy difference from the trap level to the Fermi-level of
the channel; g is a degeneracy factor, as unity of trapped
electrons; s is the cross section of the trap; vth is the ther-
mal velocity; n is electron concentration of the channel. In
our experiments, g is equivalent to unit since we only deal
with two-level signals of RTN; s is a feature only relied on
the RTN trap, which can be treated as a constant; n will
be saturated as the minority carriers in channel are strongly
inverted. Therefore, we neglect dependency of Ln |τe| on the
last term of (2.2). Since vth is a logarithm function, it shows
much weaker dependency on Ln |τe| than (EF-ET)/ KBT. As
a result, T is the only dominant factor dependent on vary-
ing of Ln |τe|. In other words, the captured electrons need
to be activated by the environment temperature from the
energy level of the trap and jump to the activation energy
level by tunneling through the energy barrier of the gate
dielectrics to the channel, in Fig. 4(d) and (e). Although the
process of capture and emission for RTN traps should involve
the mechanism of trap-assisted tunneling(TAT) [24], [25],
we can still use simple equations, (2.1) and (2.2), which
only consider the thermal activation and direct tunneling
mechanisms, for the extraction of activation-energy levels.
Fig. 4(f) shows the simulated results of lattice temperatures
for nFinFET under Vgs = 0.75V and Vds = 0.5V to 0.6V
in consideration of the quasi-ballistic transport and hydro-
dynamic model. It was found that the thermal source was
generated at the underlapped region between the gate and the
drain. At Vds = 0.5V, the temperature is slightly larger than
the environmental temperature, 300K. With gradual increase
of Vds, the temperature around the thermal source raises
correspondingly, up to ∼330K, which is comparable to the
results given in Fig. 4(b).
Since the increment of local temperature around RTN trap

will assist the jump of trapped electron from the trap to the
activation energy level, clearly, we can detect the change
of channel local temperature by the inspection of τe from
RTN measurement. However, the channel local temperature
detected by the RTN trap is strongly dependent on the lateral
distance of the trap to the thermal radiation. The closer the
distance of RTN trap to the thermal source is, the higher
the channel local temperature will be detected. Then, if we
can identify each RTN trap in the lateral position of gate
dielectrics, the lateral profile of channel local temperature
caused by SHE can be delineated.
Fig. 5 shows the channel band-diagram in the direc-

tion of source-to-drain. It was found that the interaction
between the RTN trap and electrons is most sensitive at the
channel-barrier peak [21], [26]. If we apply a positive Vds

FIGURE 5. The RTN signals are most sensitive at the channel barrier peak.
We can sweep the barrier peak to identify the lateral position of RTN traps
by applying Vds (shifting the peak to the source) or Vsd (shifting the peak
to the drain).

on a FinFET, the barrier peak will be shifted to the source
side owing to the drain-induce-barrier –lowering (DIBL). On
the other hand, if a positive Vds is applied at the source of
a nFinFET, the barrier peak moves to the drain side. So,
we can sense the RTN signals at each lateral position in the
gate dielectric via the shift of the channel barrier peak by
sweeping Vds or Vsd. But it is to be noted that by using
this approach, the Vgs is kept low around Vth, in our case:
0.25V∼0.5V, to avoid the occurrence of SHE. After deter-
mination of the trap position, the Vgs can be ramped high
to Vdd so that we can observe the SHE effect and detect the
local temperature around the trap through RTN measurement.
Moreover, the relationship between the channel-middle

position and the shifted channel barrier peak can be given
by [26]:

Ypeak
(Leff − �L)/2

=
(
Vbi − Vc,max

) − DIBL
(
Vbi − Vc,max

) , (3)

Leff − �L

Leff
= S.S. − 60mV

S.S.0 − 60mV
, (4)

where Ypeak is the position of shifted channel barrier peak
from the channel middle, (Leff-�L)/2. Leff is the effec-
tive channel length, and �L is the depletion length of the
channel-to-drain junction or the channel to source junction
as Vds or Vsd is applied respectively. S.S. is the subthresh-
old swing of Id-Vgs at a certain Vds bias, and S.S.0 is the
subthreshold swing of Id-Vgs at Vds = 0.05V. Vbi is the
channel-barrier height, and Vc.max is the built-in potential
between the source and channel. Vbi and Vc,max can be
extracted experimentally. However, Leff should be further
characterized.
As shown in Fig. 6(a), the effective channel length (Leff) is

defined as the distance in the channel between the source and
drain(S/D) beneath the gate dielectric. Before 28nm node,
the overlapped region of S/D under the gate dielectric (�L
in Fig. 6(a)) have been adapted to aggressively reduce the
conducting channel in terms of the decreasing S/D resistance.
It is important to characterize the effective channel length
for the determination of the RTN lateral position. We may
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FIGURE 6. (a) The effective channel length is a subtraction of the S/D
overlapped length from the gate mask length. (b) The charge pumping
current can be used to characterize the effective channel length. (c) In
experimental 14nm FinFET, there is a S/D underlapped length to the gate,
as shown in the schematic of (d).

use the charge pumping technique to extract the effective
channel length as follows.
If the distribution of interface traps between the gate

dielectric and channel is uniform, the charge-pumping cur-
rent is reasonably assumed to be proportional to the effective
channel length. So, if we plot the charge-pumping current
against the mask lengths of the same width devices, the inter-
cept of this line extends to Icp = 0 gives the value of the
overlap between the gate and source/drain [27], i.e., 2 �L in
Fig. 6(b) where the effective channel length is smaller than
the mask gate length. The effective channel length is to sub-
tract the overlapped length(Lov) from the mask gate length
(Lmask). Fig. 6(c) provided measured data of Leff by using
charge pumping technique in 28nm (the green curve) and
14nm (the blue curve) nMOSFET, respectively. For 28nm
ones, the intercept of the straight line with x-axis gives 2 �L
= 9nm, i.e., the effective channel length is 19nm. On the
other hand, for 14nm ones, the intercept gives a value of
2�L = −8nm. This negative value has a different mean-
ing from that of 28nm node which is positive. In other
words, there are the so-called underlap regions underneath
the spacer region in the channel, labeled as LuLp, in which
the source and drain do not overlap with the gate, as shown
in Fig. 6(d) where the effective channel length is longer
than the mask gate length. As a result, the effective channel
length of 14nm FinFET is around 28nm.
In short, we have used the channel barrier peak, Fig. 5,

to determine the lateral position of the trap from the source
to the drain. Also, from the dependence of τe on the local
temperature, Fig. 4, we may calculate the channel local tem-
perature by using RTN measurement. Moreover, the effective
channel length has been determined by the charge-pumping
measurement, Fig. 6. To combine the above measured or

FIGURE 7. (a) Lateral profiles of the process induced RTN traps show
Gaussian-like distribution in 14nm nFinFET. Peaks of Gaussian distribution
are centers of RTN traps. (b) A lateral profile of the channel local
temperature obeys the Fourier’s law of thermal conduction, and the
highest temperature happens near the drain around 530K, in which an
averaged channel temperature is around 425K.

calculated information, we may obtain the detailed lateral
profile of the channel local temperatures.

IV. ANALYSIS OF THE CHANNEL TEMPERATURE
Fig. 7(a) shows the lateral profile of process-induced RTN
traps from the source edge to drain edge of nFinFET. There
are three traps characterized from three different nFinFETs
with the same dimension. All traps are shown in a Gaussian-
shape. As channel electrons are gradually approaching to the
RTN trap, RTN trap will capture electrons more easily, in
terms of the increment of τe. On the contrary, if electrons are
away from the RTN trap, it is more difficult for RTN trap
to capture electrons, leading to a decrease of τe. Therefore,
the closer the electrons to the RTN trap is, the larger τe
can be measured. Finally, a Gaussian distribution of RTN
trap potential can be depicted. The peaks of these Gaussian
distributions are the centers of RTN traps. After the determi-
nation of the trap positions, τe can also be used to correlate
the local channel temperature and the Vds bias based on the
methodology mentioned in the last section, and the result
are given in Fig. 7(b). The dotted circles of Fig. 7(b) are the
measured raw data, the solid line is modeled by Fourier’s
law of thermal conduction, which is given by

Q = −kAdT
dx

. (5)

Q is the thermal conductance; k is the thermal conductivity;
A is the cross-section area of the channel in FinFET, and x
is the distance in the channel lateral direction. As far as the
steady-state is concerned, and k is constant, if the heat gen-
eration rate is g in FinFET during SHE, the one-dimensional
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FIGURE 8. (a) In p-FinFET, lateral profiles of the process induced RTN traps
show a Gaussian-like distribution. Peaks of Gaussian distribution are
centers of RTN traps. (b) A lateral profile of the channel local temperature
obeys the Fourier’s law of thermal conduction, and the highest
temperature happens near the drain around 700K, from which an averaged
channel temperature is around 520K.

heat transfer equation can be derived from Eq. (5) as,

d2T

dx2
+ g

k
= 0; T(x) = g

k
· x+ c1 · x+ c2. (6)

The unknown constant parameters, c1 and c2, can be
extracted by the parabola regression algorithm, given that
the values of temperature(T) for the channel lateral positions
have been experimentally characterized. k is the inverse of
thermal resistance, Rth, which can be extracted experimen-
tally(see Fig. 9), and k used here is 0.85(nW/K) for nFinFET
and 0.65(nW/K) for pFinFET with Lmask = 20nm. As far
as the parameter, g, is concerned, it is used as a tunable
parameter to fit the curve well. Hence, g is 0.98 nFinFET
and 0.83 for pFinFET with unit of (k/cm)2(nW)−1. In Fig. 7,
the dots are fitted on the modeled line very well, and the
highest local temperature (>500K) has been detected near
the drain. Moreover, the channel local temperature has been
decayed sharply from the drain edge to the source edge.
The latter is very close to the temperature around the envi-
ronment. (350K) The result shows the efficiency of heat
dissipation for the 14nm nFinFET is good enough because
it still can be dissipated from the source-to-drain rapidly.
On the other hand, Fig. 8(a) shows the experimental results
of lateral profiles for process-induced RTN traps in pFin-
FET. Depths of RTN traps for pFinFET are deeper than
those of nFinFET. The shape of RTN traps in pFinFET
exhibits a Gaussian-like as well. The local temperature of
each RTN traps has been plotted in Fig. 8(b), where the
dotted circles are the measured raw data, and the curve is

FIGURE 9. (a) The local temperature as a function of power per Fin, whose
slopes are the thermal resistance, Rth. (b) Rth increases sharply as the
mask gate length is scaled down to 20nm, raising a big concern for short
channel devices.

a fitting line, predicted by Fourier’s law of Thermal con-
ductance. The trend of the fitting curve is similar to that of
nFinFET in Fig. 7(b); however, the channel local tempera-
ture of pFinFET, 630K, near the drain, is higher than 500K
of nFinFET, which shows that the efficiency of heat dissipa-
tion in pFinFET is much worse than that in nFinFET. This
is because SiGe has been used as the stressor in S/D to
enhance the mobility of pFinFET instead of Si in S/D of
nFinFET. The thermal conductance of SiGe is much smaller
than that of Si. Hence, the efficiency of heat dissipation is
quite low in channel lateral direction for pFinFET, leading
to much higher channel local temperature. As a result, pFin-
FET has suffered from serious SHE, which will deteriorate
the device’s electrical characteristics.
In the following, Fig. 9 will analyze the thermal resistance,

which can be expressed as,

Rth ≡ TDUT − Tenv.
p

= TDUT − Tenv.
IdVds/WFin

, (7)

where Rth is the thermal resistance; TDUT is average local
temperature of DUT; Tenv is environmental temperature.
Fig. 9(a) plots averaged local temperature against power
per fin, whose slope defines Rth. Fig. 9(b) compares Rth for
the devices with different mask lengths. It was found that
Rth increases as the mask length decreases. Moreover, Rth
increases sharply as the mask length is smaller than 20nm,
which shows that the short-channel effect aggravates the
self-heating effect. The results show that Rth is 3.87(MK/W)
for an 14nm nFinFET with the mask length equivalent to
16nm, which is close to the value of 3.82(MK/W) in the
16nm nFinFET, reported by IBM. [28] Fig. 10(a) shows the
increment of channel total resistance, Rtot as function of
the incremental channel local temperature. The result shows
that Rtot is linearly proportional to the channel averaged
temperature for n- and p-FinFET. Moreover, the slope of
Fig. 10(a) can indicate how much FinFET has been suffered
from the SHE. 0.88 of the slope in pFinFET is larger than
0.63 in nFinFET, which again confirms SHE in pFinFET is
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FIGURE 10. (a) The incremental channel total resistance is linearly
proportional to the incremental channel local temperature, whose slope
can be used to judge the degree of SHE on the devices. (b) The IdVds
characteristics of n- and pFinFET with (black curves) and without SHE(blue
and red curves).

more serious than that in nFinFET. Since we have already
known the amount of temperature generated in the channel
of FinFET through Rth in Fig. 10(a), and Rtot was increased
by this generated channel temperature, then we can obtain
the characteristics of IdVds without being suffered from SHE,
as shown in Fig. 10(b). 10% decrease of IdVds in nFinFET
and 14% in pFinFET have been observed due to SHE. To
benchmark our experimental results, the values of 11% and
10.8% for Id,sat degradation for 14nm n- and pFinFET have
been reported in [29]. The authors used high speed(200ns)
pulsed I-V measurement to exclude the self-heating effect so
as to obtain SHE-free I-V characteristics. Since, the S/D of
pFinFET in [29] is not fabricated by SiGe, the IdVds degra-
dation of pFinFET suffered from SHE is comparable to that
of nFinFET, which is different from our results. But what is
the exact physical mechanism behind this IdVds degradation
through SHE ? To answer this question, the drain current of
FinFET can be governed by the quasi-ballistic transport, [30]

Id = CoxWVsatBsat,q
(
Vgs − Vth

)
. (8)

Cox is the inversion capacitance of gate dielectrics; Vsat is the
saturation velocity; Bsat,q is the ballistic coefficient. Because
the Vgs of IdVds in Fig. 10(b) has been normalized by the
Vth, the term, Vgs-Vth, in (8), can be ignored. Moreover,
owing to the DIBL, the channel barrier has been shifted to
the source side under the condition of the driving voltage,
which is far from the thermal source of SHE. Thus, Bsat,q
can be also neglected. Finally, Id is proportional to Vsat,

which can be modeled by:

Vsat
(
Tch,avg

) = Vsat(300K)

(1 − A) + A
(
Tch,avg/300K

) ∝ Id. (9)

A is the temperature coefficient. By using Eq. (9), A can be
extracted from Fig. 10(b), 0.27 for nFinFET; 0.22 for pFin-
FET. To benchmark the value of A, 0.26 has been reported
in [31] and [32] for electron saturation velocity in intrinsic
Si bulk, which is very close to our experimental data, 0.27.
Therefore, it is confident for us to claim that the degradation
of drain-current is caused by the decay of saturation velocity
at a higher temperature due to SHE. On the other hand, in
comparison of the A for pFinFET, there is a wide range of
A form 0.06 [33], 0.1[32], to 0.37 [34] in previous exper-
imental results, of which our result, 0.22, is in the range.
The exact value of A in pFinFET is still an open question,
which needs more experimental evidences.

V. SUMMARY AND CONCLUSION
In summary, a new methodology based on RTN measure-
ment has been developed successfully to laterally profile
the channel local temperature. By taking advantage of the
proximity of traps to the channel from the RTN measure-
ment, τe of RTN traps can be utilized to extract the local
temperature along the channel. Results have shown that the
highest local temperature is near the drain side, and the
profile obeys Fourier’ law of the thermal conduction very
well. Furthermore, the local temperature of pFinFET is about
170K higher than that of nFinFET because a worse ther-
mal conduction material, SiGe, in S/D of pFinFET resists
heat dissipation from the lateral direction. Next, the ther-
mal resistance, Rth, has been analyzed. The results showed
that as the channel length is shrunk, Rth increases sharply,
in terms of a noticeable short channel effect. To examine
the impact of SHE on electrical characteristics of FinFET,
it was found that the incremental channel resistance is
proportional to the incremental channel averaged temper-
ature, whose slope reflects the degree of SHE. The results
double-confirmed that pFinFET exhibits a worse SHE than
nFinFET. Finally, we have obtained the characteristics of
ID-VDS with and without SHE experimentally. As far as
SHE is concerned, the drain current decays 10% and 14%
for n- and pFinFET respectively. And the degradation can
be well explained by the degeneration of saturation velocity
at high temperature, which can be represented by a tem-
perature coefficient, A. The values of A in our work is
0.27 and 0.22 for n- and p-FinFET, and the former is very
close to the previous published data [31], [32]. In addition,
the self-heating effect degrades seriously the device mobil-
ity and saturation velocity. This further aggravates the noise
margin of SRAM [35] which is crucial to the design of
FinFET. This work provides valuable information on the
understanding of SHE-resistant design of future generation
FinFET and can be possibly extended to the study of future
nanowires.
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