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Early 2010s
Full-scale use of FIinFETs has started

~ Process Technology ~

LSIs have improved integration levels and performance by reducing the structural dimensions of planar
MOSFETs. The issues associated with shortened gate lengths, such as increased subthreshold
currents, generation of tunneling currents through the gate dielectric, and reduced carrier mobility due
to high impurity doping, have been improved by using technologies such as strained silicon channels
and high-k / metal gates (N(2)3),

However, as the design rule has decreased to 22 nm or less so that the short-channel effect has
become more severe, and leakage currents have been increasingly difficult to control, alternative
MOSFET structures to replace planar MOSFETs have been explored. The candidate structures were
PD-SOI FETs ® and FD-SOI FETs ), which were developments of the XMOS Transistor ) invented by
Hayashi and Sekikawa (Electrotechnical Laboratory), and FinFETs () invented by Hisamoto (Hitachi)
and others.

In a FinFET, the silicon substrate surface is processed into thin strips (fins) like the dorsal fin of a fish,
and both sides of the fin are used as MOSFET channels as shown in Figure 1. Gate electrodes are
formed across the fin. The potential of the channel region is well controlled by the gate potential, which
increases the punch-through voltage between source and drain and suppresses the short-channel
effect. Therefore, this enables further performance improvement through device miniaturization.

Since its proposal in 1998, FinFETs have been actively developed throughout the 2000s as a leading
candidate for next generation node. In FinFETs, the fin width must be 1/2 -1/3 of the gate length,
requiring even finer processing than the gate length. SideWall pattern tranfer (SWT) technique was
invented to form fins of 10 nm or less in width beyond the direct resolution of ArF (192 nm) immersion
lithography. Processing techniques such as Self-Aligned Double Patterning (SADP), Self- Aligned Quad
Patterning (SAQP), etc., have developed using the SWT. Epitaxial growth to widen the fin width of the
S/D section and metallization of the S/D region have been used to reduce parasitic resistance ®.

Intel commercialized FinFETs at 22 nm node in 2012 and adopted them for Core i7 and Core i5, marking
the dawn of the FinFET era. Fins with a width of 8 nm and a height of 34 nm were used ). The 14nm
node announced in 2014 used fins with a width of 8nm and a height of 42nm, while the 10nm node
announced in 2017 used fins with a width of 7nm and a height of 46nm (1011,
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(Reference: About the name)
Hisamoto et al. initially called this FET a DELTA (fully depleted lean-channel transistor), and Intel called
it a Tri-Gate Transistor, but later Chenming Hu (UC Berkeley) named it a FinFET, which became the
popular name.
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Figure 1 Schematic of FinFET Structure

1 SRAM-Cell
0.128 um?

; /f /l '/ 4 4

HKMG-FinFET

Figure 2 Cross-sectional photo of FInFET and pattern photo of SRAM using FinFET (12)
(Courtesy of Toshiba Corporation)
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