Chapter 3: Channel Charge and
Subthreshold Swing M odels

3.1 Channel Charge Modd

The channel charge density in subthreshold for zero Vy4is written as

(3.1.1)
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where

(3.1.1a)
VOFFL

Voff '=VOFF +

eff

VOFFL is used to model the length dependence of Voff on non-uniform channel
doping profiles.

In strong inversion region, the density is expressed by
(3.1.2)

Qchso = Coxe ><Vgse_ Vth )

A unified charge density model considering the charge layer thickness effect is

derived for both subthreshold and inversion regions as
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Channel Charge Model

(3.1.3
Qcho = Coxeff >k/g:;teff
where C,, . IS modeled by
(3.1.9)
Coxeff - Coxe:Ccen Wlth Ccen - esi
Coxe + Ccen X DC
and Xpc isgiven as
(3.15)
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In the above equations, Vs, the effective (Vyse-Vip) used to describe the channel

charge densities from subthreshold to strong inversion, is modeled by

(3.1.69)
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where

(3.1.6h)

arctan(MINV)
p

m* =0.5+
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Channel Charge Model

MINV is introduced to improve the accuracy of G, G./l4 and G714 in the

moderate inversion region.

To account for the drain bias effect, The y dependence has to be included in
(3.1.3). Consider first the case of strong inversion
(3.1.7)
Qchs(y) = Coxeff )(Vgse - Vth - AbquVF (y))

VE(y) stands for the quasi-Fermi potential at any given point y aong the channel

with respect to the source. (3.1.7) can also be written as

(3.1.8)
Qchs(y) = Qchso + chs(y)

The term DQ.pd(Y) = -CoxertPAouik VE(Y) iStheincremental charge density introduced
by the drain voltage at .

In subthreshold region, the channel charge density along the channel from source
to drain can be written as
(3.1.9)

& V 0]
Qchsubs( y) = Qchsubso @(pg_ Abu#':(y);
t

Taylor expansion of (3.1.9) yields the following (keeping the first two terms)
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(3.1.10)

& A)ulk
Qchsubs chsubso gl

Similarly, (3.1.10) istransformed into

(3.1.11)
Qchsubs( y) = Qchsubso + chsubs( y)

where DQgsund(Y) 1S the incremental channel charge density induced by the drain
voltage in the subthreshold region. It iswritten as

(3.1.12)

DQchsubs(y) =- QChSubsO xw

nv,

To obtain aunified expression for the incremental channel charge density DQ.p(Y)

induced by Vs, we assume DQ,(y) to be

(3.1.13)

= Inchs( y) : DQchsubs( y)
DQCh (y) DQchs (y) + DQchsubs(y)

Substituting DQ.x(y) of (3.1.8) and (3.1.12) into (3.1.13), we obtain

(3.1.14)
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Subthreshold Swing n

where Vi, = (Vgsteri + NVy) / Ak~ 1N the model implementation, n of , is replaced

by atypical constant value of 2. The expression for V|, now becomes

(3.1.15)
_ Vst + 2\t
Aok

Vb

A unified expression for Q.p,(y) from subthreshold to strong inversion regionsis

(3.1.16)

=S
Qun (Y) = Coet R et )gl'

3.2 Subthreshold Swingn

The drain current equation in the subthreshold region can be expressed as

(3.2.1)
e ® Vds d;I &/gs - Vth - Vofflc)
lgs = 1o&l- eXpE- —Pexp T
é Vi e nv, 7]
where
(3.2.2)

W [ge4,NDEP.
lo =m—_ | ——V,
L 2F

V; is the thermal voltage and equal to KgT/d. Vi = VOFF + VOFFL / Ly is the
offset voltage, which determines the channel current at Vi, = 0. 1n (3.2.1), nisthe
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Subthreshold Swing n

subthreshold swing parameter. Experimental data shows that the subthreshold
swing is a function of channel length and the interface state density. These two

mechanisms are modeled by the following

(32.3)

c
=1+ NFACTOR< 2 + Cdsc. Tg”‘* CIT

oxe oxe

where Cdsc-Term, written as

Cdsc. Term = (CDSC + CDSCD ¥, + CDSCB N J*——f—22 s
cosh(DVT1)- 1
represents the coupling capacitance between drain/source to channel. Parameters
CDSC, CDSCD and CDSCB are extracted. Parameter CIT isthe capacitance dueto
interface states. From (3.2.3), it can be seen that subthreshold swing shares the
same exponential dependence on channel length as the DIBL effect. Parameter
NFACTOR is close to 1 and introduced to compensate for errors in the depletion

width capacitance calculation.
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