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Classical MOSFET Structure

N+ _

S0 ur:«:f’ Drain
P-Type Regions

3D schematic of a n-type MOSFET
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Non-clsic CMQOS Devices
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Another View

Insulator
p-substrate

nMOS Transistor pMOS Transistor

e e e e o el AP TS P b A O U it ol ANl K W R e 22 N S 20

AR SO inverter cross-sections

Source: Weste/Harris

Lecture 6, ECE 225 Kaustav Banerjee



Latchup in Bulk CMOS

iInput

Parasitic bipolar devices ‘ “latchup”



benefits of SOI

iInput

output

No parasitic bipolar devices - no latchup
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soft errors in bulk CMOS

alpha particles iInput

Alpha particles - “soft” errors



soft errors in SOI

iInput

output

Not as much substrate to generate charge in!

Low soft error rate
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layout for bulk CMOS
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layout for SOI

- nﬁnLSS

Simpler isolation ‘ simpler process ‘ smaller layout
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benefits of SO

-Simple IC processing (isolation)
-Higher density
-Reduced S/D junction capacitance (speed/power)

-Low soft-error rate

-No latch-up

-No (normal) body effect

Disadvantages:
higher cost, self-heating
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SOI -> Multigate FET




Single gate

Double gate

Quadruple gate
(square section)

Surrounding gate
(circular section)

A: natural length-- an indicator Lerr > 2.5A s the bottom line to
of device scaling ability. sustain an acceptable
electrostatics.
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Modern FET Scaling

(W. Cao,/K. Banerjee et al., Nature, vol. 620, pp. 501-515, 2023)
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What does FinFet look like?

3D view of FinFET

Fig. 1. Schematic of a FinFET structure.
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UC Berkeley Results — FINFET/ Double Gate (2000-04)
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INTEL’s TriGate FinFET (SSDM 2002)
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Highest ever performance reported for NMOS and PMOS devices on a
single substrate I
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TSMC’s Q-gate FINFET (SSDM-2002)
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IMEC's Stacked Si Nanowire (2016 VLSI Symp.)

Process Flow TEM of Vertically Stacked Nanowires
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IBM’'s Nanosheet (2017 VLSI Symp.)
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Benefits of the Nanosheet
architecture
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FinFET Nanosheets Single Stack
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The GAA vertically-
stacked nanosheet (VSNS)
FET provides larger
effective width, therefore
larger ON-current and
performance w.r.t FinFET
and VSNW



Beyond-CMOS Options
Sub-thermionic Switches ?

Reference: see Fig. 6 in the Nature 2023 article by W. Cao et al.

“Trans-resistors”:
“Trans” arises from transfer or modulation
“"Resistor” arises from. the resistance of a channel
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