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Modeling and Parameter Extraction of VDMOSFET
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Abstract: A sub-circuit model for VDM OS5 is built according to its physical structure. Parameters and formulas de—
scribing the device are also derived from this model. Comparing to former results, this model avoids too many tech—
nical parameters and simplify the sub-circuit efficiently. As a result of numeric computation, this simple model with
clear physical conception demonstrates excellent agreements between measured and modeled response (DC error

within 5% . AC error within 10% ) .Such a model is now available for circuit simulation and parameter extraction.
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NOTATIONS

Rso bulk resistance of the effective diode
fos drain current s gale source (:apa('itarl('e
Is diode saturated current Cr gate drain capacitance
Isv source to drain current Ca- drain source capacitance
Vs drainsource voltage Cyso gate source overlap capacitance
Vs source-drain voltage . .
C e gate drain overlap capacitance
Vis gate—source voltage . . . . . .
s zero-biased drain to source junction capaci-
Ci =4 1 d t junet I
Vs (x) drainsource voltage of MOSFET
Lance
| saturated voltage of MOSFET ) . L . .
jed critical gate drain junction capacitance
Cj tical gate d Junct pacit
Vi threshold voltage of MOSFET .
Cs surface capacitance
Vinz threshold voltage of JFET
» . . Mjls drain source exponential coefficient
Ve thrift velocity saturation voltage
. . Mjed ate drain exponential coefficient
Vo' voltage on the bulk resistor ® g P :
Vi voltage on the diode 3} vertical field modulation coefficient
Vi D-S contact voltage No diode emission coefficient
Vied G-D contact voltage Cis short-circuil input capacitance, common-source
Femos plus coefficient of MOSFET Coss short—circuit output capacitance, common-—
kit plus coefficient of JFET source
$ sistance of the source region Crss short—circuil reverse transfer capacitance, com—
Ra bulk resistance of the drain region mon-source
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1 Introduction

Vertical double—diffused MOSFET is a widely
used device in power MOSFET family. Comparing
to the bipolar junction devices, its better processing
ability in high-voltage and high frequency circuits
ensures a promising future. T herefore, a set of for—
mula describing its DC and AC performance are
needed for circuit simulation software. At present,
the VDM OS model in circuit simulation'" and pa-
rameter extraction software'’ applies MOS1 or
M OS2 for DC part, which could not exhibit its spe—
cialty. On the other hand, sub-circuits of VDM OS
are developed in many aspects like exterior charac-

' I\ hich in-

ter'”, charge sheet'” and on-resistance
troduced too many technical parameters or em-—
ployed complex formulations unsuited for optimiza—
tion or depicted only partial regions. Hence, a sim—
ple. efficient model with clear physically based con—
ception is crutial for parameter extraction soft—

ware.

2 Brief introduction to VDMOS

2.1 Structure and working principle

The structure of VDM OS cell is shown in Fig.
1. The first step of the technological fabrication is
to grow an N epitaxy on the N* substrate. Then
double-diffusion of N* and P forms both the source
region and the channel, which locates in the trans-
verse—diffused junction difference. Furthermore,
precisely technical control shapes the device a
short—channel one (L= 1~ 2um). When a forward-
ing voltage turns on the device, electrons flow from
the source region, crossing the inverse channel and
the drift area, to the drain zone. A reverse biased
source~to-drain voltage turns on the parasitic diode
between P* substrate and N~ epitaxy. Here the de-
source=drain bias

vice works in the forward

state'”

l Drain metal
D

Fig. 1 Cell structure of VDM OS
2.2 Basic DC and AC property

2.2.1 Output characteristics ( DC)

Figure 2 shows the typical output characteris—
tics of VDM OS. It distinctly represents the special
trait comparing to BJT and ordinary low power
MOSFET. Of the six regions, Ohmic or linear @,
off-state @ and breakdown @ region share com-
mon points with familiar MOSFET. In saturated
region @), the short channel length results in linear
transconductance rather than a quadratic one. Not
existing in traditional M OS, quasi-saturation region
® is the most distinctive character of VDMOS.
Due to the JFET effect'”, the output curves keep
close to each other in high Ves. As mentioned
above, the forward drain-source biased region ®

also identifies the device'®.

Vo

Fig.2 Typical VDM OS output characteristics

2.2.2 Capacitance characteristics ( AC)

Two types of interior capacitor, MOS and PN
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Junction, exist in VDM OSFET. Here Ce is the gate
source overlap capacitor, Cu represents the poten-—
tial barrier capacitance, and two capacitors, Cei. and
Cs., connect in series to form Cgi. Reflected in exte—
rior circuits, these capacitors behave as three ones—
short circuit input Cis, short circuit output Cos and
short circuit reverse transfer Cr... They confine the
switching time of VDM OS, and their variation with

. 7.8
voltage could be consulted in data sheet'”*.

3 Sub-circuit and DC, AC model

According to the analysis above, there are two
mechanisms that limit the drain current of MOS-
FET and JFET

VDMOS can be viewed as a parallel connection of

in forward-biased circuits. And

MOSFET and diode when reverse-biased. We now
may constitute the sub-circuit of VDM OS as Fig.
3. Its DC part is composed of one short-channel
MOSFET, one JFET, one diode and body resistors
(Note the point X is both the drain of MOS and

)
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Fig. 3 Sub-circuit of VDM OS

the source of JFET); four capacitors compose its
AC part. Apparently it is greatly simplified com—
paring to the one in Referencel 3]. We also simulat-
ed the sub-circuit with software HSPICE, which
showed fine accordance with Fig. 2. Details of the

model formula are listed below.

3.1 DC forward-biased part

All the components are in serial connection
with a same current (/vs) flowing by. Therefore e-
quations of each component are listed together to
find the solution. When talking about short-chan-
nel MOSFET'", vertical field modulation effect and
thrift velocity saturation effect in drain port should
be considered. To the parasitic JFET, even the sim-
ple quadratic formula'” permits good result. The
value of R:is so small that even first-degree modi-
fication is acceptable. Ra could be treated as R., or
be substituted into simultaneous equations. De-
tailed functions are:

MOS current, in which x = Vxs, namely the
source-drain voltage of the short-channel MOS-

FET.

(Ves = Vi)x - %x
In_-: = kmuh [ 1 + e( V(:.'-'u _ Vrl.]]:[ ( 1 + x/V{;)
= f](;r]., x < Vi (l}
Ins= fi(Vw), x =V (1

Vs 2Ve(Ves— Vi) = Vo
1+ B(Ves— Vi)
In which Eq. (1) for linear region, Eq. (1) for sat-

where V.=

urated region.

JFET current, here x = Vxs, see annotation
above.
Ivs= ki (= x= Vi) (Vios— x) - :12[1’]}5 - ;‘c}:J
= fa(x), V< - V (2)

Ins= kja(x+ V) /2= fz(x] Vs == Ve (2
In which Eq. (2) for linear region, Eq. (2") for sat-
urated region

Rua current,

Ins= Voo/Ra (3)
or first-degree modification
Tvs= Ivso/( 1+ Ragas) (3

here gu is the drain-source transconductance.

Drain current Ivs is obtained by settling simul-
taneously the equation from Eq. (1) to Eq. (3)
with Newton method. More specifically, we find

the root of x first, then decide the working state of
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the device according to the criterion above, finally
calculate Ivs with Eq. (1) or Eq. (1'). The range of
x already known (0< x< V). root could be found
more easily with halving method if Rais viewed as
first-degree modification. Computer simulation un-
der this circumstance requires far less runtime,
which ensures its feasibility in optimizing arith—
metic. The former method is suited for high power
VDM OS, whose saturation comes slowly because
the influence of body resistance is greater than that
of JFET. On the other hand, the simplified way is
enough for low and medium VDMOS because the
JFET effect is quite dominating that the drain cur-
rent rises like parabola. Furthermore, the merit of
these equations is self-evident. Adjusting V¢ and 6
to modify the saturated current, regulating ki and
Vinz to control the starting slope of the quasi-satu-
ration region, handlers could easily estimate the

initial value for parameter extraction.
3.2 DC reverse-biased part

The reversed-biased region, namely the for—
ward source-drain biased region, could be viewed as
parallel connection of diode and MOS. The formula
of MOS is listed above as Eqgs. (1) ~ (3), and the
exponential form to describe diode is sufficient
here:

[sp= f:a(el.j/'\”l."'— 1)

Here Vi= Vsp— IspRsp is the actual voltage up-
on PN junction, Vr= knT/q[ol. Note that the signs
of current and voltage are checked and required to
be positive for NMOS in normal simulation soft-
ware. So we replace the x = y-coordinate by Vs and
Isp.

3.3 AC capacitances

Capacitance characteristics are measured un-
der zero-biased G-5 voltage in data sheet. Then Ce
is the G5 overlap capacitor, irrelevant with Vos.
Cis is actually the negative-biased PN junction ca-
pacitance because the P* substrate is short-circuit-
ed to N source region. Composed of two parts

( mentioned before), Cu ( Cis) still falls exponen-—

tially after surface strong inversion occurs, which
accounts for the condition of suddenly changing
voltage. In that moment, the minority has little
chance to be produced, so that the gate voltage is
shielded mostly by ionized charge of the exhausted
layer. After this happens, the surface type remains
exhausted other than inverse, which matches the
deep-exhausted case of C¥ characteristics'"”. For—

mula below,

Ce = Ceso

) Cia

Co= (T4 Vos/Vi) ™ (4)
_ CeneCs o ) Vigdl Ceone + CHI M

Cea = Cenc + Cs’ Cs = Ciu VisCenc )

Approximate exhaustion equation is applied
instead of inversion to depict Cs. Vos can be limited
to a small but non-zero value to avoid numerical di-
vergence.

The exterior capacitance is easy to obtained.

Cii= Co+ Cu;Co= Coct Cu;Civ= Cu())

4 Computational results

Parameter extraction is a process that makes
best agreement between measured data and mod-
eled results by optimized arithmetic. Furthermore,
the error of extraction vividly reflects the evalua-
tion of the model.

NEWPEX system, developed by Institute of
Microelectronics of Tsinghua University, is param—
eter extraction software for semiconductor devices.
The optimized arithmetic integrated inside could
complete the extraction task and error display.

Figure 4 shows the DC parameter extraction
result, in which curves represent the model result
while data points are from Motorola SMART -
MOS"". Numeric error is 2. 57% and the parame—
ter value is listed in Table 1.

Figure 5 shows the AC parameter extraction
result, in which curves represent the model result
while data points are from Motorola BUZ80A''".
The error is 4. 64% and the parameter value is list—

ed in Table 2.
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Fig.5 VDMOS AC results
Table I DC extraction value
Parameter Vi /V Foos/ (A * V™ 2] Ve/V [:7AY Vua/V f.‘jf.-:/{ A=V ‘1}
Parameter value 2.22174 0. 10678 | 1.99246 | 0. 045797 - 9.33235 0. 010860
Parameter Rs Ra I Rsn No
Parameter value 0.01 0. 099998 9.998x 10" '® 1. 00001 1. 00031
Table 2 AC extraction value
Parameter Cean/F Ceae/F Cia/F Vias/V
Parameter value 1. 37805 % 10" 7 1.02319x 107 5.30979x 10" 10 0. 70795
Parameter s Cigd Vi Mjed
Parameter value 0. 49969 2.3x10°1© | 1 0.650219

Furthermore, we compared our results with
experimental data of various types (including Mini-
MOS, Medium to High Power MOS) to verify that
it is better than the ones in current software, which
apply MOSI or MOS2 model. The errors of sample
devices retain less than 5%, quite viable for param-

eter extraction.

5 Conclusion

A new sub-circuit model for VDM OS was de-

veloped and presented in this paper. Numerical re-

sults show this simple, clear-concept model demon-
strates excellent agreements between measured and
modeled response. Strongpoint of the sub-circuit,
which splits the on-resistance to several compo-
nents, is apparent because relevant parameters can
be adjusted respectively in approximating output
curve. The model avoids too many technological
parameters, w hile effectively simplifies the sub-cir-
cuit and retains good accordance ( Error within
10% for AC and DC). It fills up the defect of for—
mer VDM OS model and suits for parameter extrac—

tion software.
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