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Scaling conventional CMOS transistors much below 50nm is diffi-
cult. Control of leakage currents requires gate dielectrics so thin
and bodies doped so heavily that a process window sufficiently
large for manufacturing might not be found. Double-gate MOS-
FET structures can overcome these and other limitations to tran-
sistor scaling. By placing a second gate on the opposite side of the
device, the gate capacitance to the channel is doubled and the
channel potential is better controlled by the gate electrode, thus
limiting the leakage current.

The FinFET is a double-gate device that experimentally achieves
820uA/um pMOS Igsat and 18nm gate length (Lg) with a 2.5nm
gate oxide [1]. Asillustrated in Figure 7.4.1, it is a device in which
a thin, fin-shaped body is straddled by the gate, forming two self-
aligned channels that run along the sides of the fin. Although the
gates protrude up out of the wafer plane, current flows in a plane
parallel to the wafer plane, making the FinFET a quasi-planar
structure.

Other double-gate structures are proposed using techniques such
as pattern-constrained selective-epitaxy [2, 3], surround-gate [4],
or fins on bulk silicon [5]. The challenge is to find a manufac-
turable structure. The FinFET is developed with special empha-
sis on process simplicity and compatibility with conventional pla-
nar CMOS technology. Every process module used to fabricate the
FinFET is in widespread use today.

FinFET width can be increased easily by drawing multiple fins in
parallel. The FinFET is not fully planar, so its current per unit
width must be carefully calculated. Since gate straddles the fin,
the active device width is actually the height of the fin. To achieve
a fair comparison with standard fully-planar structures, the con-
sumption of chip real estate must be considered; the total current
flowing in the fin divided by the fin pitch (thickness of the fin plus
the space between fins) gives the current per unit width of real
estate. Figure 7.4.2 shows that when the fin pitch equals the fin
height, the FinFET has the same active width as that of a fully
planar device consuming the same chip area. Note, though, that
the FinFET gives twice the current per unit width because of its
double-gate nature. Thus, the break-even point in terms of cur-
rent is when the fin pitch is twice the fin height. Figure 7.4.2 also
illustrates how fin pitch can be half the lithography pitch by using
spacers as the fin-etching mask.

FinFET layout is essentially the same as conventional transistor
layout except that the active area is composed of fins rather than
a single rectangle. Schematic layouts of a conventional device and
a FinFET are compared in Figure 7.4.3 above an SEM picture of a
FinFET in process. The SEM shows fins that are 20nm wide and
spaced 160nm apart. Figure 7.4.3 also shows that instead of con-
ventional contact holes, the fins may be contacted together by
strapping them all with metal. This allows source/drain contact to
be made along the sides and ends of the fin. As a result, contact
area can be larger than real estate consumed and increases pro-
portionally with fin height.

To investigate the potential circuit performance of FinFET tech-
nology, the 2D device simulator MEDICI [6] is used to perform
mixed-mode simulation of various benchmark circuits. It is
demonstrated that MEDICI simulation matches experimental

FinFET data quite well [1]. Therefore, 2D mixed-mode circuit
simulation should yield reasonable results. The FinFET is com-
pared with the leading competitors to the double-gate MOSFET:
the ground-plane (GP) [7, 8] and ultra-thin body (UTB) MOSFETs
[9]. Cross sections of these various structures are shown in Figure
7.4.7. For these simulations, all electrical gate oxides are 20A
thick and gate lengths are 50nm. All devices are designed to give
the same leakage current by changing the gate workfunction.
Each circuit is connected in a ring oscillator arrangement so that
input waveforms are consistent with output waveforms.

The benchmark circuits include a fan-out of 4 (FO4) inverter,
NAND pull-down stack, and pass-gate multiplexer. The circuit
schematics are shown in Figure 7.4.8. The FO4 inverter delay is
a standard technology benchmark used to predict delay of more
complex circuits. The NAND and pass-gate structures consider
the impact of the body effect on performance, since in both these
circuits, the source nodes of various transistors drift from the sup-
ply rails. Figure 7.4.4 shows the delay of the various circuits. The
FinFET outperforms the other two structures for all supply volt-
ages and circuits. The GP device, with its high body effect and
non-ideal subthreshold swing, is significantly slower than FinFET
and UTB.

GP and double-gate are the best candidates for scaling below
50nm gate length [7]. Although the GP device does not have two
channels like the double-gate, it does have the feature of a tunable
threshold voltage controlled by the voltage applied to the ground-
plane. As in Reference 8, the ground-plane is assumed to be p*/n*-
poly for nMOS/pMOS devices. However, for this study the back-
gate oxide is assumed to be the same thickness as the front oxide.
This makes Vi a strong function of the bias applied to the ground-
plane.

Another set of simulations are run with FinFET and GP designed
with 35nm gate length and 12A gate oxide. This time, fan-out of
2 (FO2) inverters is used and capacitors are added between each
stage of the oscillator to represent the wiring capacitance (the pre-
vious simulations assumed no wiring capacitance). Figure 7.4.5
shows that even though the GP devices are drawn twice as large
as the FinFETs to compensate for their double-gate nature, the
FinFET delay is less sensitive to load. If the back-gate bias of the
GP device is used to lower the Vi and decrease delay, leakage in
these low-Vy devices must also increase. Figure 7.4.6 shows that
the GP leakage must be increased by 60 times over that of the
FinFET to achieve the same delay in the 3fF wire load case
(absolute GP leakage in this case is 1.3uA/um). Note that the plot
also shows that output swing degrades as Vi is lowered. Even
though FinFET lacks the tunable V; of the GP device, large leak-
age must be tolerated if the GP is to have the same performance.
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Figure 7.4.1: FInFET structure and experimental I-V curves [1]. Figure 7.4.2: Width ratio for given silicon area vs. fin pitch.
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Figure 7.4.3: Transistor layout comparison and FInFET SEM. Figure 7.4.4: Comparison of unloaded benchmark circult delay.
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Figure 7.4.5: Delay of FO2 Inverier with wiring capacitance added. Figure 7.4.6: Delay and output swing as a function of leakage allowed.
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Flgnm 7.4.7: Advanced MOSFET cross-sections. Figure 7.4.8: Schematics of benchmark ring oscillator circuits.
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