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ABSTRACT The short—channel behaviors of n—channel (electron—conducting) fin field—effect transistors
(n—FinFETs) set at different threshold voltages were analyzed at different power supply voltages. Interesting
observations were made by considering the on and off voltage states of the overdrive voltage instead
of the gate—source voltage. Intrinsic transistor characteristics were revealed, enabling the comparison of
short—channel characteristics between devices designed for different threshold voltages. Drain—induced
barrier lowering (DIBL), subthreshold swing (SS), on/off current ratio, Ion/loff, and other parameters of
the devices were considered. In addition, the novel figure of merit introduced in our previous work for
the evaluation of short—channel effects, which accounts for the DIBL, SS, and I,,/Io¢ of the devices, was
also analyzed under this context. It was shown that the off—state current does not increase significantly
with the increase in the supply voltage, indicating good gate control.

INDEX TERMS AVpisLss/(on/Ioff), Vsce, FINFETS, intrinsic voltage gain, multiple devices, overdrive

voltage, performance metrics, transistor intrinsic delay.

I. INTRODUCTION
With the shrinking of gate length, the circuit speed
has improved with increasing on-state current, Io, [1].
At zero gate-source voltage, Vs, an ideal metal-oxide—
semiconductor field—effect transistor (MOSFET) is in the
off state. This means that the transistor channel conducts an
exceedingly small off-state current, Iog. In reality, short—
channel effects (SCE) arise because the channel potential
barrier height is no longer controlled entirely by Vgs [1].
The drain—source voltage, Vs, also contributes to the lower-
ing of the barrier height, which reduces the threshold voltage,
V. [1]. This inevitable phenomenon in short—channel devices
is usually addressed with a variety of process optimizations.
Another short—channel phenomenon related to the off—
state leakage current is the significant degradation in the
subthreshold swing (SS). In order to achieve a high /,, and
a low o, SS should be as small as possible. In order to
achieve a small SS, a high level of control of the gate over
the channel carriers is essential. If SCE cannot be effectively

suppressed, the on/off current ratio, Ion/loff, would decrease
as device dimensions continue to scale down [1]-[4].

In theory, comparisons between the /o, /It and the SCE
of devices with the same V are useful in revealing their rel-
ative performance and robustness. However, V, is different
for every device, rendering the direct comparison of differ-
ent devices meaningless. To resolve this issue of comparison,
we have found that by considering the on and off voltage
states of the overdrive voltage, Voy (= Vg — V), the intrin-
sic Ion/loff can be extracted. Since the intrinsic Ion/loff 1S
independent of the Vi, this value can be useful in quickly
comparing the performance between several devices.

In this work, different types of devices are analyzed by
comparing their short-channel behaviors and their intrin-
sic performance. In addition, the effects of different power
supply voltages on the performance of transistors will be
demonstrated. Section II covers the concept of intrinsic
performance of core devices and the role of the novel figure
of merit (FoM) introduced in our previous work [S]-[7].
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Section III introduces the fabrication process of FinFET
devices and defines several parameters we will use through-
out this work. Section IV displays and discusses the actual
data of the FinFET devices. Finally, Section V concludes
this material.

II. INTRINSIC PERFORMANCE AND THE NOVEL FIGURE
OF MERIT

A. INTRINSIC PERFORMANCE OF CORE DEVICES

Four types of devices are presented, differentiated by the
level of Vi: standard-V; (SVT), low-V; (LVT), extreme—
low—V; (ELVT), and ultra—low-V; (ULVT). These devices
are categorized as core devices. V; is one of the most impor-
tant parameters in a MOSFET as it governs the Ion/loft- Loff,
in particular, dominates the difference in I,y /Iof for different
threshold voltages. SVT devices, by definition, exhibit the
highest I, /Iof as compared to other core devices. However,
aside from V; (due to process tuning), other factors can
also significantly affect the Io¢ of a MOSFET, including
short—channel characteristics such as drain-induced barrier
lowering (DIBL) and SS.

In order to evaluate and compare the intrinsic perfor-
mances between different types of devices, a method is
needed in order to disregard the effect of different saturation
threshold voltages on the I, /lof. This can be accomplished
by investigating the intrinsic Ion/Ioff by considering the on
and off voltage states of the overdrive voltage, Voy (=
Vgs — Vi), instead of just V.

B. THE NOVEL FOM: AVp,g;ss/(lon/loFF)

References [5]-[7] focused on the electrical characteriza-
tion of SVT and LVT devices and introduced the FoM,
AVpiBLss/(on/Ioff), to make comparisons between the over-
all behaviors of FinFETs. AVpigrss was introduced in [5]
and accounts for the DIBL and SS of the transistors (see
Table 1). Ion/Ioff is the on/off current ratio of the transis-
tors. We define the SCE voltage, Vscg, to be equivalent to
AVpiBLSS/(on/Ioff). This value indicates how well a tran-
sistor performs in the short—channel regime. Based on the
results obtained from [5]-[7], we can see that the smaller the
AVpisLss, the higher the I,,/Iog. Hence, smaller Vscg is
indicative of a device with better short—channel performance.
The relationships between Vscg and both AVpprss and
Ion/Iofs (or Vi) are presented.

1Il. EXPERIMENT

A. DEVICE FABRICATION

n—channel (electron—conducting) fin field—effect transistors
(n—-FinFETs) with gate lengths between 16 nm and 20 nm
were fabricated on P-type silicon (Si) substrates. (In P-type
Si, the abundant holes make up the majority carriers, and
the minority carriers, electrons, are almost inexistent.) Major
steps in the fabrication process of n—-FinFETs are as fol-
lows (see Fig. 1). The Si wafers were implanted with boron
monofluoride (BF) ions to form p-well (2.5 x 10*° cm—3
to 5 x 10" ¢cm™3). The Fin height ranges from 43 nm to
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FIGURE 1. Key fabrication steps of the n-channel FinFET. (a) p-well
implantation, (b) Fin formation, (c) Gate definition, and (d) In-situ growth
of phosphorus-doped Si. STI: Shallow trench isolation. Hg;, : Fin height.
Wi Fin width. Lg: Gate length. Tox: Gate oxide thickness.

44.5 nm and the Fin width ranges from 11.4 nm to 12.1 nm.
Polycrystalline Si (Poly—Si) was deposited over the Si sur-
face. Next, lithography and plasma etching were used to
define the gate. In—situ growth of phosphorus—doped Si was
performed to create source/drain structures. All four types of
core devices have similar hafnium oxide thicknesses from
1.82 nm to 2.03 nm that serve as the high—k dielectric.
Different work function metals were used for different types
of devices. Finally, the contacts and the metal interconnects
were fabricated to complete the process. The ranges of the
parameters mentioned earlier (gate length, Fin height, Fin
width, etc.) are due to the manufacturing process variations.

B. ELECTRICAL PARAMETERS OF FINFETS

The measured FinFET data (at V3g = 0.4 and 0.8 V) were
obtained from the wafer acceptance test carried out at the
end of the process. Table 1 shows the electrical parame-
ters of FinFETs. The constant—current (CC) method [14] is
used to extract the threshold voltage, Vi, from the Iqs—Vgs
plot (where I4s is the drain-to—source current and Vg is
the gate—source voltage). In this work, we have selected
1 x 1078 A as the CC from [16]. Linear threshold volt-
age, Vi lin, is measured at a very low drain—source voltage,
Vs, of 50 mV (or Vgs1ow). Saturation threshold voltage,
Visat, 1s measured at the power supply voltage, Vaq (0.4 V
and 0.8 V). The drain—induced barrier lowering (DIBL)
is then calculated as (Viiin — Visa)/(Vada — Vislow)
(or DIBL = AVpL/(Vaa — Vds,low)). The subthreshold
swing (SS) is defined as dVg/d(log las) ~ AVges/Algs =
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TABLE 1. Electrical parameters of FinFETs.

Parameters Description Remark
Ve, Vs, Va, Vs Terminal voltages: body (B), source (S), drain (D), and gate (G) Vo =GND (= V)
GND: Ground
Vs Gate—source voltage Ves: G
Vs Drain—source voltage Vas: D
Vasjow Low drain—source voltage Visiow =50 mV (D = 50 mV)
Voy Overdrive voltage Vov="Ves = Visat
Vad Power supply voltage 04Vand 08V
Ly Drain—to—source current -
Device characteristics Description Remark
7 (mV) Threshold voltage Vi= Vg @ Ias= 1o x W/L [5], [14]
Io: Iss (= 1 x 107 A) [16] at which we define the V;
where W is the Fin width and L is the gate length
Viiin (mV) Linear threshold voltage Vigin = Vi @ Vas = Vasiow
Visat (MV) Saturation threshold voltage Visat= Vi@ Vs = Vaa (0.4 V and 0.8 V)
DIBL (mV/V) Drain—induced barrier lowering DIBL = (Vijin — Visat)/(Vaa — Vasjow) = AV (Vaa — Vasjow)
SS (mV/dec) Subthreshold swing SS = dVy/d(log Iss) = AV,ad/Alss = AVss/Alg [S]
AVpisLss (mV) Gate controllability over the channel AVpisLss = AVpiL + AVss
Lon (LA/pm) On-state current Ion = 1gs @ Vs = Vas = Vaa (normal “on” state)
Ion = 1as @ Voy = Vas = Vaa (intrinsic “on” state)
Logr (LA/pm) Off-state current Lofr=1Ias @ Vs =0V & Vs = Vaa (normal “off” state)
Lot = 1lss @ Voy =0 V & Vs = Vyq (intrinsic “off” state)
Ton/ Lyse On/off current ratio -
Vsce (mV) Short—channel effects (SCE) voltage Vsce = AVpsLss/(Iow/ Lott)
Cyotar (F/pum) Total gate capacitance in inversion -
7 (ps) Intrinsic MOSFET delay 7= CyiotatVadIon = CVII
gm (LS/pm) Transconductance gm = dl4/dVs
7o (kQ-pm) Output resistance 7o = (dlu/dVy,)!
Gulo Intrinsic voltage gain -

AVss/Algs [5]. (Here, AVsg is defined to be equal to AVs.)
For AVss, we have selected a value which results in a ten-
fold increase of Algs from 1 x 10719 A to 1 x 107° A
in [16]. In [5], AVpBLss = AVpisL + AVss represents the
gate controllability over the channel.

On-state current, o, is the Iqs when Vg = Vgg = Vg
(normal on-state). And off—state current, /g, is the /43 when
Ves =0 V and Vg3 = Vgq (normal off—state). The ratio of
Ion to Iofr is called the on/off current ratio of the devices. We
define the FoM [6], [7] known as the SCE voltage, Vscg, as
AVpiBLss/(on/Ioff), Which indicates how well devices will
perform in the short—channel regime. For Vscg, we utilize
the relationship between DIBL, SS, and I, /loft to derive at
a value, which the smaller the better. In order to properly
benchmark different transistor devices based on the intrinsic
performance, the overdrive voltage, Vov (= Vg — Visat),
is considered in place of Vs [8]. This rids the dependence
of Ion/Iofr on different Vi g values. Therefore, Iy, is taken
when V,, = V43 = Vyq (intrinsic on—state) and I is taken
when Vo, =0 V and V43 = Vyq (intrinsic off—state). Since
Ion/Ioff has an intrinsic state, Vgcg also has an intrinsic state.

The total gate capacitance in inversion, Cg total, i$ mea-
sured at Voy = V43 = V4q. Therefore, the intrinsic MOSFET
delay, 7, is calculated from Cg otaVda/Ion (or CVI/I).
Transconductance, gm, is defined as d/gs/dVgs. Output resis-
tance, ro, is defined as (dl4s/dV4s)~ !, which is the reciprocal
value of the slope of the I3s—Vgs curves (output conduc-
tance). The intrinsic voltage gain, gm7,, is obtained by simply
multiplying g, and r,. A Vgq of 0.8 V (operating voltage)
is used in this work. To study the effects of the V4q in the
performance of transistors, a lower Vgq of 0.4 V (half of
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0.8 V), is investigated. The 0.4 V is representative of the low
supply voltage (or low V). In the next section, AVpipLss,
Lon/Iott, VsCE, Cg,total, CV/I, and gmro as functions of Vi ga
are analyzed. Furthermore, state—of—the—art electron devices
from [9]-[12] are also included in the comparison.

IV. RESULTS AND DISCUSSION

In Table 1, the four terminals: body (B), source (S), drain (D),
and gate (G), are assigned four different voltages: Vi, Vi,
V4, and Vg, respectively. Since the Vy is set to ground (and
Vb = V), the body effect is eliminated in this work. For
simplicity, we use D and G to represent the Vg5 and Vg,
respectively.

First, AVpipLss as a function of Vg is examined
(Fig. 2). For the four types of devices, Vi ranges from
roughly 50 mV to 280 mV, but AVpiprss remains similar.
This indicates that these four devices have similar short—
channel characteristics. In addition, AVpigLss measured at
Via = 0.8 V is only about 15 mV larger than AVpiprss
measured at Vgq = 0.4 V, indicating that the control of the
channel potential barrier height remains dominated by the
gate in comparison to the drain even with twice the supply
voltage. It was mentioned in [6], [7] that a AVpigLss value
of equal to or smaller than 100 mV constitutes strong gate
control over the channel [15]. For the devices mentioned in
this work, AVpigrss (measured at Vgg = 0.8 V) of about
100 mV indicates good short—channel behaviors. In addi-
tion, the AVpigLss variations (about 40 mV) are due to the
process variations in gate length, Fin height, Fin width, etc.

In normal on-state, I,, is equal to [Igs when
Ves = Vas = Vdd, and in normal off-state, Iofr is equal
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FIGURE 2. AVpgiss versus Vi ¢5¢. Hollow symbols: V44 = 0.4 V. Solid
symbols: V44 = 0.8 V. Lg ranges from 16 to 20 nm. H;,, ranges from 43 to
44.5 nm. Wg,, ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to

2.03 nm. AVpgLss remains almost unchanged due to strong gate control.
A larger V4q does not increase AVp,g; ss significantly.

to Igs when Vgg = 0 V and V45 = V4. In intrinsic on-state,
Ion is equal to Igs when Vo, = Vg = Vyq, and in intrinsic
off—state, Ifr is equal to I4s when Vo, = 0 V and Vg = Vgg.
The plots of Ion/Iofr versus Vi go measured at Vgg = 0.4 V
and Vyq = 0.8 V are shown in Fig. 3. In this work, the
gate—induced drain leakage (GIDL) current can be ignored
because the Io¢ is dominated by the subthreshold leakage
current. Therefore, the I, of all the core devices is set by
electrostatics. It is observed that I,,/Iofr increases as Vi gat
increases. Since both /o, and Iy decrease as Vi g5 increases,
it can be deducted at this point that the change in Ion/Ioff
due to Vi s is dominated by the /g term. When Vi g4 is set
very low, Ig becomes very large, and vice versa. Out of the
four devices, ULVT devices provide the highest values of
both Iy, and I,f, and SVT devices provide the lowest values
of both I, and Iy As a result of the dominating /¢, the
highest Iy /Iofr is observed for SVT devices, and the lowest
Ion/Iotr 1s observed for ULVT devices. This results in data
clusters to have an obvious slope, indicating its dependence
on Vi sa (normal state).

It can be noted that the devices have higher Io,/lof at
Vaa = 0.8 V (Fig. 3(b)) than at Vgg = 0.4 V (Fig. 3(a)). This
reflects the increase of I,, with the increase of Vg4, which
does not significantly increase the DIBL effect because of
strong gate control. However, it is expected that at even
higher level of Vg4, the DIBL effect will dominate, causing
Ion/Iofr to decrease [1], [2].

So far, the performances (Ion/loff) of the devices have
been observed to be largely dependent on Vi . This is
because Vg4q and 0 V are simply applied to the gate terminal
during the on state and off state, respectively. Based on
the well-known expression of the saturation drive current,
Ion [1], [2], it is inversely dependent on Vi 4. For the off—
state leakage current, Iof, it is also governed by Vi . In
order to eliminate the dependence of the Ion/loff On Vi sat,
the intrinsic performance needs to be considered [8]. This
can be extracted by varying the V,,, rather than just the
Vgs for both on and off states. For on state, Voy is set to
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FIGURE 3. Ion/lyg versus Vy ga4. (a) Hollow symbols: V44 = 0.4 V. (b) Solid
symbols: V44 = 0.8 V. Lg ranges from 16 to 20 nm. Hg;, ranges from 43 to
44.5 nm. Wg,, ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to

2.03 nm. In normal state, on-state is when lon = /45 and Vgs = Vgs = Vgdr
and off-state is when I g = I 4, Vgs =0V, and V4 = Vyq. In intrinsic
state, on-state is when Jon = I4g and Voy = V44 = V44, and off-state is
when Iogs = Igs: Vov =0V, and Vg = Vyq- As Vi, sat increases, lon ot
increases. A larger V44 results in a larger Ion // g value than a smaller V4.

Vad, and for off state, Vo is set to O V. The result is also
plotted in Fig. 3, where the data clusters are labeled with
intrinsic state. The data for intrinsic Ion/Ioff appear to be
much less dependent on Vi, (the slope is near zero), so
devices with different supply voltages can be benchmarked
regardless of Vi . Thus, data points across different devices
(categorized by different levels of Vi) converge into a
similar Ion/Iofr level. This indicates that these devices have
similar short—channel characteristics (AVpigrss) shown in
Fig. 2.

Since Vscg = AVpirLss/(Ion/loff), and there is a normal
state and an intrinsic state for I, /Ioff, it is natural that there
is a normal state and an intrinsic state for Vscg as well
(shown in Fig. 4). Note that each type of FinFET devices
has different AVpigrss and Ion/Iofr (and thus different Vscg
values) depending on the Vi . Since the Ion/Iof exists in
the denominator of the equation for Vscg, the slope that rep-
resents the normal state is flipped in Fig. 4 when compared
to the slope in Fig. 3. The results for supply voltages of
both 0.4 V and 0.8 V are shown.
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FIGURE 4. Vgcg versus Vg g, (a) Hollow symbols: V44 = 0.4 V. (b) Solid
symbols: V44 = 0.8 V. Lg ranges from 16 to 20 nm. H;,, ranges from 43 to
44.5 nm. Wg, ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to

2.03 nm. Since there exists a normal state and an intrinsic state for

lon/l ¢ there also exists a normal state and an intrinsic state for Vgcg,
which is proportional to 1/(lon//4g)- In the normal state, the Vgcg is
dependent of V 4. In the intrinsic state, the Vg is independent of the

Vi, sat-

1E-14
A N\ ELVT

O O uLvt

Solid symbols: Vg9 = 0.8 V
Hollow symbols: V44 = 0.4 V

1E-16

150 200 250

Visat (MV)

50 100 300

FIGURE 5. Cg tota] Versus Vg a¢. Hollow symbols: V4gq = 0.4 V. Solid
symbols: V44 = 0.8 V. Lg ranges from 16 to 20 nm. H;,, ranges from 43 to
44.5 nm. W, ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to

2.03 nm. Both devices have similar values of C; t4¢5)-

When V,, is considered (intrinsic state), the Vscg for
four different devices converge into the same order, much
like the case of I, /Ioft. This is expected as the short—channel
characteristics and the intrinsic I,y /logr of all four devices
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FIGURE 6. CV/I versus Vy a¢. Hollow symbols: V44 = 0.4 V. Solid symbols:
V44 = 0.8 V. Lg ranges from 16 to 20 nm. H;, ranges from 43 to 44.5 nm.
Wi ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to 2.03 nm.

A larger V 4q results in a lower CV/I because of the domination of the /on
value in the denominator. ELVT devices have a smaller CV// than ULVT
devices due to their smaller AVp,g, g5 values.

are supposed to be similar due to being fabricated with the
same processes (see Figs. 2 and 3). Since the intrinsic state
is independent of Vi, and the slope is almost zero, both
Ion/Iotr (Fig. 3) and Vscg (Fig. 4) appear flat.

The numerator of Vgcg is the AVpisLss, which quantifies
the short—channel behaviors, and the denominator is Ion //off,
which quantifies the transistor performance. Thus, having a
relatively small Vgcg indicates that gate control over the
channel is not significantly affected by the change in Vgyq.
Transistors with Vscg of smaller than 0.1 mV when V, is
considered, as shown in the data in Fig. 4, indicate good
short—channel behavior.

Since the capacitor test structure is laid out in the ELVT
and ULVT devices, only these two devices will be compared.
Fig. 5 shows a plot of Cyg (ora1 versus Vi gy It is observed
that the consideration of V,y renders the Cg tora1 values of
the two devices almost equal in magnitude. Like for Vscg,
this indicates that devices with different Vi s, intrinsically
have similar Cg (o1 values. If Vs was considered, Cg total
would increase with decreasing Vi sq¢ like Vscg does. This
explains why CV/I values converge at similar levels as shown
in Fig. 6. In the case of a larger Vy4q of 0.8 V, even though
Cg total 18 slightly larger than the Vgg = 0.4 V case, a smaller
CVI/I is still obtained due to the domination of the increase
of the denominator, /,,. Furthermore, ELVT devices have a
smaller CV/I than ULVT devices because of their smaller
AVpisLss values, as shown in Fig. 2. Although the capacitor
test structures of SVT and LVT devices are not included,
their Cg tora1 behaviors are expected to be similar to the ELVT
and ULVT devices. In other words, the CV/I of SVT and
LVT devices will be similar to the ULVT devices due to
their similar AVpgrss.

Fig. 7 shows gmr, versus Vi measured at Vgg = 0.4 V
and Vgq = 0.8 V. gnr, remains consistent for all devices,
independent of Vi s4¢. The similarity in the behaviors between
AVpiBLss and gmr, is observed as Vi ¢, varies. Increase in
DIBL is related to the reduction of Vi g, so small DIBL
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FIGURE 7. gmro versus Vi ¢,¢. Hollow symbols: V44 = 0.4 V. Solid
symbols: V44 = 0.8 V. Lg ranges from 16 to 20 nm. H;,, ranges from 43 to
44.5 nm. Wg,, ranges from 11.4 to 12.1 nm. Tox ranges from 1.82 to

2.03 nm. A larger gmro is observed due to a larger V4q4.
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LIE O svT
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FIGURE 8. Vgcg versus lon/log- V4q = 0.8 V. Lg ranges from 16 to 20 nm.
Hg, ranges from 43 to 44.5 nm. Wg;,, ranges from 11.4 to 12.1 nm. Tox
ranges from 1.82 to 2.03 nm. The slopes for all devices are very similar.

indicates a high r, [7]. SS is given by the Vg required to
increase the /45 by one order of magnitude. g, is given by
the change in I4s divided by the change in V5. Thus, a small
SS and a large gy are desirable. Since DIBL and SS are
related to gmro, AVpisLss (Fig. 2) can be used to predict
the trend of gnro. Also, it is shown in Fig. 3 and Fig. 4 that
Vov can eliminate the dependence of Ion/loff On Vi sar. The
intrinsic performance obtained as a result will follow the
same trend as gmr, as well. It can be observed in Fig. 7 that
increasing Vg4 also increases gmryo.

The performances of different state—of-the—art electron
devices from [9]-[12] are compared with the four devices
mentioned in this work (at Vgg = 0.8 V) in Fig. 8. The Vscg
versus Ion/Ioff plot shows that Vscg decreases as Ion/loff
increases. Interestingly, the devices presented in [9]-[12] fol-
low the same slope. This is a good indication that the gate
control is sufficiently strong for all the devices shown in
Fig. 8, where Vg strongly dominates /on/lofr and thus
determines the Vscg. If an advanced transistor has a small
AVpigrLss value (about 100 mV), the value of Vscg will
be similar as long as the devices have similar V values. In
addition, Vgcg values converge into the same order when
Vov is used to minimize the dependence on Vi .
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V. CONCLUSION

The short—channel behaviors of n—FinFETs at Vgq =04 V
and Vgq = 0.8 V have been demonstrated. AVpigrss of
100 mV indicates that the gate control is strong. For a tran-
sistor with a larger Vg4, as long as its AVpigrss is smaller
than (or equal to) 100 mV, its Ion/Iosr Will be larger than that
of a transistor with a smaller Vgq4. In this work, the increase
of Ion/logr With increasing. Vyq is observed. With good con-
trol for the SCE, Ion/lofr (and gmr,) can be increased by
using a larger Vgq. Vscg and CV/I in turn decrease for larger
Vada. The device behaviors of standard-V; (SVT), low-V;
(LVT), extreme-low—V; (ELVT), and ultra-low—V; (ULVT)
are presented with consideration of the on and off volt-
age states of the overdrive voltage, which disregards the
effect of the saturation threshold voltage, revealing the intrin-
sic performance of the FinFETs. With the device intrinsic
characteristics revealed, the performances of devices with
different threshold voltage values can be directly compared.
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