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Motivation:

* Undoped DG MOSFETSs are very attractive for
scaling devices because they permit the

lessening of SCE by means of an ultra thin body.

Surface potential-based description seems to be
the way to attain model robustness for reliable
circuit simulation.

Surface potential descriptions require that the
channel potential be expressed in terms of the
terminal voltages, ideally by exact explicit
analytic expressions.

Highly accurate and physics based compact
models which are computationally efficient are
required.
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Previous work on DG MOSFET:

* |In 2000, Taur [1] obtained a system of two
equations to describe the potential.

* |In 2004, He [2] developed a charge-based drain
current model.

* |In 2004, Taur [3] derived a drain current model.

* |n 2005, Sallese [4] obtained an approximate
expressions for the current.

[1] Y. Taur,. IEEE Electron Device Lett., 21, 245-247, 2000.

[2] J . He et al, WCM, NSTI-Nanotech, Boston, 2, 124-127, 2004.
[3] Y. Taur et al, IEEE Electron Device Lett, 25, 107-109, 2004.
[4] J.M. Sallese et al, Solid-St. Electron. 49, 485-489, 2005.
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Contents:

« Part I: A potential-based, analytic,
continuous, and fully consistent physical
description of the drain current of the
undoped body symmetric double gate
MOSFET.

 Part II: Considerations about the threshold
voltage of undoped DG MOSFETSs.
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[5] Y. Taur, "An analytical solution to a double-gate MOSFET with undoped body*“. IEEE Electron
Device Lett., 21, 245-247, 2000.

[6] S. Malobabic et al, "Modeling the Undoped-Body Symmetric Dual-Gate MOSFET", IEEE Int.
Caracas Conf. on Cir. Dev. and Sys., (Republica Dominicana), pp. 19-25, Nov. 2004.
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Assumptions:

Quasi-Fermi level is constant across thickness
(x direction)

Current flows only along channel length (y
direction)

The energy levels are referenced to the electron
quasi-Fermi level of the n+ source.

Our formulation does not account for short-
channel effects, carrier confinement energy
quantization, interface roughness, ballistic-type
transport, and mobility degradation.
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Pao-Sah's type formulation:

Under the assumption that 114 VDS Vs g n
the mobility is independent ID =2u j j ——dwy dV
of position in the channel: L 0 F
Sz/2 WS n- n
where: 0,=-2q j (n- n )dx=-2q j " “dy
0 v,
b P st (1 da oF du v
tituti &y —
substituting: /p~ ,ULE 0 E AV oV

o
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Pierret and Shields's type model:

In 1983, Pierret and Shields [7] transform the Pao-Sah's
double integral formulation, for bulk MOSFET, into a
single integral without introducing any additional
approximation.

In 1992, we obtained [8] a single integral current

equation for a SOl MOSFET by using the previous ideas.

The charge coupling o=F" GZ(W | V)
factor, o, was used: S s

where G(y,V) is the Kingston function.

Now, we will use the same procedure fora DG MOSFET.

[7] R.F. Pierret, J.A. Shields, Solid-St. Electron. 26, 143-147, 1983
[8] A. Ortiz-Conde et al, Solid-St. Electron. 35, 1291-1298, 1992.
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Pierret and Shields's type model:

Electric field: F = —\/2an" eﬂ(‘/’_m +a
Es

2kT n, eﬂ(wo—V)

Es

where: a=F -G (v, ,V)=-

is the charge coupling factor.

F 1 1 : _
Taking the partial derivative: oF _ 1 da_14qn A=)
oV 2FdV F g

—V
recalling that: 7= p; e'B(W )
1
we obtain: an =& do_ OF
F 2F dV oV

Substituting into the double integral:
wo Vs ‘/’5(1 da  OF
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Pierret and Shields's type model:

! ! ! !

The region of integration 0.70
is shown in the figure.

0.65
Breaking the integral into E 0.60
different parts and then o
solving all of them, we o
obtain an analytic solution gm 055
without introducing any > 0.5
additional approximation. '

0.45
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Drain current equation: [9]

1
Ip= U VZ { 2C, |:VGF (WSL - Wso)' 2( éL - Wéo)} first term

kT
+4—C, (WSL - l//SO) second term
q

Third term + tSi kT ni|:eﬂ(WoLVDs) _eﬂ%o} }

where V. is the difference between the gate-to-source voltage and the flat-band voltage.

This equation is equivalent to that of Taur [10], although the derivation was different.

This equivalence is established, after some algebraic B, = —a

manipulations, by noting that the beta, ., introduced in [10] 4 kT Y
is related to our charge coupling factor a by:

qlg
[9] A. Ortiz-Conde et al, "Rigorous analytic solution for the drain current of undoped symmetric dual-
gate MOSFETSs", Solid-State Electronics, 49, 640-647, 2005.

[10] Y. Taur et al, "A Continuous, Analytic Drain-Current Model for DG MOSFETs ", IEEE Electron
Device Lett, 25, 107-109, 2004.
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Comparison:
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Semiconductor film thickness:

Effect of semiconductor
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Gate oxide film thickness:
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Current components:

In weak conduction: the first term is negligible, the second term is
positive, the third term is negative.

The combination of the second and third term gives a positive value
approximated by:

-V
I U VZ tSl- kT n{eﬂ%o _e'B(‘//oL DS):|

The strong conduction term can be obtained by subtracting the
weak component from the total current:

Ips=1p—1bDw
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Current components:

. o
Currgnt equation = 104 } V=10 mV -
and its two terms
lpy and Ipg, vs gate
voltage.

t, = 2 nm

=
o
&

106

107

-
o
)

Normalized current (C V

WCM'2005. Analytic Solution for the Drain Current of Undoped Symmetric Dual-Gate MOSFET. Ortiz-Conde et al. 18



Threshold:

The intersection of the two current components (I, and Iy, ) may
be understood as the transition threshold from weak to strong
conduction.

~ ~ ~ ~ W Vii4
Below threshold: Vst ®Vso®V¥or *¥00~V o Ipo=u T tqme Vo
Above threshold: ;- "o 'y |, _4C yfa2 en [
L bulk DS bulk ﬂ 2 Co kT

where W is the principal branch of the Lambert Function and Q,
is the solution [11] for bulk devices. Equating |, and I, gives:

 _KT|, (8kTe 4¢ || kT, (8KkTs.

q | qznl’ t; Co t Si/ | q qznl’ t;

[11] Ortiz-Conde et al, "Exact analytical solution of channel surface potential as an explicit function of

gate voltage in undoped-body MOSFETSs using the Lambert W function and a threshold voltage
definition therefrom®, Solid-State Electronics, 47, 2067-2074, 2003.
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For strong conduction, all cases

For large tg; , there are two sub- approaches bulk. Therefore, the
threshold regions ( 60 and 120 threshold between strong and
mV/dec) and V+, is the threshold weak conduction approaches
between these two regions. that of bulk devices.
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Conclusions:

* Exact potential-based analytic description
of the drain current in the undoped-body
symmetric DG MOSFET.

* Threshold voltage increases with
decreasing t_, (and tg; in DG).

* For large tg; , there are two sub-threshold
regions ( 60 and 120 mV/dec).
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END of presentation

Thank you for your attention

= Labaratorio de Electrinica del Extado Solide
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