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MOSFET drain current

Ie/W=-0, (VGS)<U(VDS)>

We have been discussing Qs and Qp, but we need Q, as
a function of surface potential and gate voltage.

Os(ws) = On(ws)+0u(ws)
QS(VG) = QD(VG)"'Qn(VG)
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e >0

Ve >0

Mobile charge (per cm?3)
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e >0

Ve >0

Mobile sheet charge (per cm?)
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Mobile sheet charge (per cm?)
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y Vvalid above or below threshold




Mobile sheet charge: below threshold
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Mobile sheet charge: above threshold
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Mobile charge vs. surface potential

log,,|Os(ws) inversion charge
Clem? mobile charge
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Subthreshold charge vs. gate voltage
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Subthreshold charge vs. gate voltage
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Subthreshold charge vs. gate voltage
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Subthreshold charge vs. gate voltage

Below threshold, the

f “Inversion” layer
O, charge increases
(C/em?) exponentially with gate

voltage.
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Above threshold charge vs. gate voltage
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Mobile charge vs. gate voltage
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Gate capacitance
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Mobile charge vs. gate voltage
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Example

On-current conditions: O, =-¢x10" C/cm’

Oxide thickness: { =1nm=10" cm K_=39

C =52 -345%x10"° Flem® Cdﬁwyzz({L = 30.8x 10 F/em’

. [, kBT/Q)
111
C,(inv) C, * C, (inv) C,(inv)=3.10x10™° F/cm’
I - 0.90C.
345x10°  30.8x107°

Lundstrom: Nanotransistors 2015 18



CET

1 1 C _ CoxCS (inV)
CS (inV) Cox G Cox + CS (inV)
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Why is it hard to bend the bands more than 2yg?

above threshold:
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Mobile charge vs. gate voltage

V. <<V,
Qn (VG) — _(m — l)Cox [kB_T] eq(VG_VT)/kaT
q
Ve>>T1,:

Is there a single expression that works both below and
above threshold?

Yes — a numerical one — the “surface potential model”
Yes — an empirical one — with some fitting parameters
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Next lecture

For bulk MOSFETSs, we now understand how the mobile
charge varies with surface potential and with gate voltage —
both above threshold and below.

What happens for modern (fully depleted) structures?

Source Drain

RSD RSD

SDE | SOI | SDE

bottom oxide (BOX)

silicon

(ETSOI: Source: IBM, 2009) (FINFET: Source: Intel, 2015) 22
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