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Abstract:- We present a continuous analytic current-voltage
model for cylindrical undoped (lightly doped) surrounding-gate
(SGT) MOSFETs. It is based on the exact solution of the
Poisson’s equation, and the current continuity equation without
the charge-sheet appr ing the i charge
distribution in the silicon film to be adequately described. It is
valid for all the operation regions (linear, saturation,
subthreshold) and traces the transition between them without
fitting-parameters, being ideal for the kernel of SGT-MOSFETs
compact models. We have d ated that the current-volt:
characterlstlcs obtained by this model agree with three-
i numerical si i for all ranges of gate and

Multiple-gate MOSFETs

1 single gate

2 double gate (DG)

3 triple gate

4 quadruple gate: Gate-all-
around (GAA) + Surrounding-
gate transistor (SGT)

5 pi-gate
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Gate configurations for SOI devices

Multiple-gate MOSFETs
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Physics-based model for the SGT-MOSFET

1D Poisson’s equation for
undoped/lightly doped channels
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B is a constant related with the surface
potential
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Substituting the analytical solution for the potential (1) cse
into (2) yields:
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where B=1+BR? is a constant (of 1) to be determined from (3), and n=4sg/C,,R is a
structural parameter.

For a given Vg, B can be solved from (3) as a function of V.

V(y) and Aly) is determined by the current continuity equation, which requires
the (drift-diffussion) current ,s=x(27R)QdV/dy=constant, independent of V or y.

Integrating Ipsdy from the source to the drain, the current can be written
as:

ﬂ— jw)dm: jwn ,ﬂd/f @

where Bg By are solutions to (3) corresponding to V=0 and V=V,¢
respectively.

By using (1) and replacing it into Qleg=dw(R)/dr: Q(B) =(2e5)(2KT/q)(1/BR)(1-B).
Note that dV/dB can also be expressed as a function of p by differentiating (3).

Substituting these factors in (4), integration can be performed analytically to yield:
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To compute Ips we define the following two functions representing the RHS of (3)
and (5):
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Ips = ;1.14‘ ©)
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s Note that the

range of B is
0<p<1

ep = g )
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For given Vgsand Vos > P and B, are calculated from the conditions
F(Bs)=(a/KT)(Vs~Vo) and f(Bo)=(a/kT)(Ves-Vo-Vps)

where kT 8
V,=Agq +—In 8)
¢ [)R ] ®

From (7), the drain current I,sg(Bs)-g(B,) can be easily computed

Operation regions
1) Linear region above threshold: f(Bs), f(Bp)>>1, so fs, By ~0.
o =20, v

where V{=V;n(kT/q) is the threshold voltage. V, shifts more than 120 mV
per decade of variation on R (at room temperature), being this shift more
important for higher t,/R ratios.

2) Saturation region: f(Bs)>>1 and f(Bp)<<-1, so ps~0and f~1.
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The saturation current depends on (Vgs-V,)2, as expected for a MOSFET
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Ly=u, 2 (VhﬁV,)z*[%]:

3) Subthreshold region: f(Bs), f(Bp)<<-1, s0 Bg, Bp~1.
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The subthreshold current is proportional to the cross-sectional area of
the SGT-MOSFET and il of t,,. Thisis a istic of the
volume inversion phenomenom that cannot be captured by standard
charge-sheet based models.

Model validation
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Conclusions

We have presented a simple analytical I-V model suitable for
compact modeling of undoped (lightly doped) SGT-MOSFETSs.
All the regions of operation and the transitions are correctly
described by preserving the physics. In particular, the volume
inversion, that cannot be captured by using the charge-sheet
approximation, is well accounted for in this model.

The presented long-channel model is ideally suited for being
the kernel of a SGT-MOSFET compact model. In order to
complete the model, SCE, quantum effects, low and high field
transport, noise, and more, should be added.

o .
Wdgap gacs Midgan g Ves2gY
© aaeet 2| Re2som -
et s 3
. . w| Gt q
W
o (RN -
< / z e . © 30 numeral simaton
L 4 R2smm Rerzsom| < 4
2 o9/ Anaiical soluticn 8 4 .
< Sommecasmiion =+ | = 6 e ey
'] i
oy 2 Vet v
w0 .
0 07 04 o5 08 1 12 14 15 15 2 0 0z 04 08 08 1 12 14 15 18 2

Ves (V) Vos (V)

Transfer characteristics obtained from the

analytical model compared with numerical
simulations from DESSIS-ISE®.

Output characteristics obtained from the
analytical model compared with numerical
simulations from DESSIS-ISE®.
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