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Smart Power MOS transistors serve primarily as an interface between digital control logic
and the power load. Since they are also used in analog applications there are high demands on
the accuracy of analytical models for circuit simulation. The approach for a physically based
analytical model for vertical DMOS (double-diffused MOS) transistors which will be presented
in this paper accounts for non-uniform channel doping-concentration in lateral direction, for
space-charge limited current in the drift region and is able to describe the behavior of the device
by means of a single formula. Our model is supported by two-dimensional numerical device
simulations using BAMBI [1].

The channel doping-profile of the n-channel vertical DMOS transistor (see Fig. 1) is defined
by the different lateral diffusions of p-base and n*-source and is approximated by an exponential
shape: N4(z) = N4(0)exp (-77%>. The model describing the channel is based on a continuous
MOS-model [2]. Integrating the drain-current in the strong inversion regime along the channel
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with the electric field in x-direction E,(z) = €2 and the channel charge-density go(z) yields

under the assumtion of a linear distribution of the channel-voltage (Ugc =~ Ups.ssz/L) [3]:
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For 7 = 0 the “classical” result is obtained: U§&:%:* = Ugs—Urp— 2<1>F_|_2€¢a_ (28 — Ugsg)
in the strong inversion regime and CSig**ee! = ,/m‘fq—*’g’l— In the weak inversion regime

Ugsess is independent of n: Ugsess o exp (J%m) Fig. 3 compares the values of Ugg.;y
from the enhanced and the “classical” model: (Ugse t1(n) - Ugg:;?“) /N (where N is given by

N =2 (2®8F — Ugs)) and Cyp (1) /Ces=**! as functions of . n > 0 leads to a higher
drain- current than in the “classical” case which results from an increased channel conductance

Cclassscal




due to the smaller bulk charge at the drain end of the channel. Cyg can be regarded as derivative
of the bulk charge-density with respect to the channel potential.

The assumption of a linear distribution of the channel-voltage allows the consideration of
the nonuniform channel doping when integrating Equ. (1). The approach in [3] integrates
Equ. (1) neglecting the nonuniform channel doping but calculates Cyp seperately (also under
the assumption of a linear distribution of the channel-voltage) so that the nonuniform channel
doping is accounted for. Besides that the results of our approach seem to be more physically
sound it allows also an analogous consideration of % in the derivation of the MOSFET charges
for a charge-based capacitance model.

The capacitance model is derived analogously to [4]. The formulae for the charges assigned
to the four contacts of the device read:
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with
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The above equations are integrated under the assumption of Ug (z) = Ups%.



The gate charge can be calculated from the fact that the sum of all four terminal charges
must be zero. The capacitances are are defined as partial derivatives of the charges with respect
to the terminal voltages:
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For = 0 this enhanced model leads to the “classical” form of a charge-based capacitance
model.

Because of the nonuniform lateral channel doping the carriers reach the saturation velocity
at the source side of the channel. Therefore the channel-charge distribution is almost constant
along the channel and is not influenced by the nonuniform doping. In conformity with this
fact @p and Qg for the enhanced model differ only slightly from the “classical” model. The
nonuniform channel doping has only influence on Qp and Q¢. Fig. 4 shows Qp/Qg***** over
7.

Device simulations show that the current in the drift region is space-charge limited (Fig. 5
and Fig. 6). A first approach is to model this by a simple JFET-model. This leads to a
subcircuit model (Fig. 2) in which the source contact of the JFET is connected to the drain
contact of the MOSFET describing the channel in an internal node which is “located” at the
drain end of the channel. The space-charge is mainly controlled by the voltage between the
p-base of the DMOS and the internal node between drift region and channel [5]. This concept
has been improved with our more sophisticated model instead of the simple JFET-model.
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Fig.1. Structure of the vertical DMOS Fig.2. Subcircuit DMOS Model.
transistor.
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Fig.5. BAMBI-simulated current flow lines

for Ugs = 10V and Upg = 5V.
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Fig4. Qp/Qge*sies! for Upg = 1V,

Ugs = 5V and Ugg = 0V.
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Fig.6. BAMBI-simulated current flow lines

for Ugg = 10V and Upg = 35V.
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