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SUMMARY  This paper presents a new technique for mod-
eling High-Voltage lightly-doped-drain MOS (HV MOS) devices
accurately with the BSIM3v3 SPICE model. Standard SPICE
models do not model the voltage dependency of Rs and Ry in
HV MOS devices; this causes large discrepancies between the
simulated and measured I-V characteristics of HV MOS devices.
We propose to assign physical meanings and values different from
the original BSIM3v3 model to three of its parameters to repre-
sent the voltage dependency of Rs and Ry. With this method,
we have succeeded in highly accurate parameter extraction, and
the simulated I-V characteristics of HV MOS devices using the
extracted parameters match the measured results well. The rela-
tionship between the proposed modeling technique and the phys-
ical mechanism of HV MOS devices is also discussed based on
measurement and device simulation results. Since our method
does not change any model equations of BSIM3v3, it can be ap-
plied to any SPICE simulator on which the BSIM3v3 model runs,
so we can use SPICE simulation for accurate circuit design of
complex circuits using HV MOS devices.
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1. Introduction

High-Voltage lightly-doped-drain MOS (HV MOS) de-
vices are widely used, such as in LCD driver circuits,
and recently complex analog circuitry using operational
amplifiers has been implemented with HV MOS de-
vices; hence the circuit design using HV MOS devices
is very important [1]. However, at present, no standard
SPICE model can model HV MOS devices precisely.
For example, the BSIM3 version 3 (BSIM3v3) SPICE
model [2]-[7] is widely accepted as one of the best mod-
els for submicron MOS devices. As shown in Fig. 1, the
BSIM3v3 SPICE model simplifies the source resistance
(Rs) and the drain resistance (R4) to reduce the calcu-
lation load; it is assumed that Rs and Ry are constant
or linear functions of the gate-source voltage (Vys), and
Rs and R, are equal at all operating voltages; they
are combined into Rgs. This is a simple-yet-accurate
model for ordinary MOS devices for which the above
assumptions are valid. However, for HV MOS devices,
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these assumptions are not valid and this method can
not model HV MOS devices accurately; to increase the
breakdown voltage, their Ry and Ry are made quite
large and they are highly voltage dependent. Also in
general their Ry and Ry are not equal. This is due to
the fact that R; and Ry are implemented with p~region
in source and drain of a p-channel HV MOS device, and
especially p~region in drain not only works as a drain
resistance Ry but also causes separation between the
channel and p~region at a lower drain voltage Vs than
the velocity saturation voltage. (This channel separa-
tion is caused by the growth of the depletion region
in the p~region with increasing Vs, which will be ex-
plained later.) This effect is very similar to pinch off
of long channel MOS devices, but in HV MOS devices
the channel separation causes drain current saturation
even in triode region. This causes large discrepancies
between the simulated and measured I-V characteris-
tics of HV MOS devices. (The same argument is valid
also for an n-channel HV MOS device.)

This paper proposes a novel technique to model
HV MOS devices accurately with the BSIM3v3 SPICE
model without any modification to its model equations;
we assign physical meanings and values different from
the original model to three of its parameters to rep-
resent the voltage dependency of Rs and Ry and the
separation between the channel and p~region. The pa-
rameter extraction method is described, and the mea-
sured and simulated I-V characteristics of HV MOS
devices match well, which confirms the effectiveness of
this method. The relationship between the proposed
modeling technique and the physical mechanism of HV
MOS devices is also discussed based on measurement
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Fig.1 Source and drain resistance model of original BSIM3v3.
Source and drain resistances are combined into Rgs which is con-
stant or a linear function of V.
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Fig.2 Schematic structure of a p-channel HV MOS device.
P~ region is provided in source and drain to increase the break-
down voltage. In some HV MOS devices, p~region is provided
only in drain.

and device simulation results. We note that our method
does not change any model equations of BSIM3v3 and
thus it can be applied to any SPICE simulator on which
the BSIM3v3 model runs.

We close this section by remarking that recently
some HV MOS device models are commercially avail-
able from CAD vendors, however, they require spe-
cial parameter extraction tools and circuit simulators
of the CAD vendors and the technical details of their
HV MOS device models are not disclosed.

2. HV MOS Device Technology

Figure 2 shows the structure of the 80-V p-channel HV
MOS device that we have developed, with gate-oxide
film thickness (7,,) of 2700 A, channel length (L) of
6 pm and offset length of 6 um. The explanation how
this device structure realizes a high breakdown voltage
is given as follows: large Rs and R, are implemented
with p~region of low doping concentration in source
and drain, respectively. In addition, when a high drain
voltage Vy is applied to the device, the depletion region
grows in the p~region, and hence the resistance value of
the p~region (i.e., the values of Ry and R;) gets larger.
Thus, the effective voltage across the channel does not
increase significantly, and this is why the device struc-
ture in Fig. 2 realizes a high breakdown voltage and R,
and Ry are highly operating voltage dependent.

Figure 3 shows its I-V characteristics, and we see
that the drain current in the saturation region (Igsqe)
and the drain saturation voltage (Vysq:) increase at a
decreasing rate as the gate voltage (V) increases; the
increase in I4s,; may be expressed as follows:

Tisar x (Vgs — Vin)*, a < 1 for HV MOS devices,
(1)

where V4, is the threshold voltage. (Note that a = 2 for
ordinary long channel MOS devices and a = 1 for or-
dinary short channel MOS devices.) This is due to the
increase in its source resistance (R) and drain resis-
tance (Rq) (but mainly due to the increase in R;). We
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Fig.3 Comparison between the measured and simulated I-
V' characteristics of a p-channel HV MOS device (original
BSIM3v3). Large discrepancies are observed at high Vs and
Vys-

see that the voltage dependency of Rs and Ry affects
the I-V characteristics significantly.

3. HV MOS Device Modeling Accuracy with
Original BSIM3v3

This section discusses the HV MOS device model-
ing accuracy using the original BSIM3v3 [2]-[7]. The
BSIM3v3 represents Ry and Ry as a linear resistor Rgs
as shown in Fig. 1 to reduce the calculation load while
maintaining modeling accuracy. (On the other hand,
in BSIM1 [8] and BSIM2 [9], which are earlier versions
of submicron MOS SPICE models, R, and Ry are not
modeled explicitly but their effects are included implic-
itly in carrier mobility.) The BSIM3v3 gives the drain
current equation in strong inversion region as follows:

GasoVisef s
lys = ——————, 2
¥ 7 1 ¥ GasoRas @)
where
e _ 60_96[ Vgs - Vin — Abulk(vdseff/2)
ds0 Heff Tox L 1+ Vdseff/(Esat . L) )
(3)
2-VSAT
Esat = ) (4)
Hegf

e is the mobility, €,, is the permitivity of the silicon-
oxide film, Vj, is the threshold voltage, VSAT is the
saturation velocity, T, is the gate-oxide film thickness,
W is the channel width, L is the channel length, Vggcts
is the effective drain voltage parameter and Ay, is
the bulk charge parameter. For ordinary MOS devices,
it can be assumed that the drain saturation effect is
due to velocity saturation, and in case of the velocity
saturation we obtain the following at the end of the
drain:
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Idsat =W- VSAT%(VQS - Vvth - Abulk : Vdsat)a(S)
ox

where voltage drops across the source and drain resis-
tances are neglected, I4sq¢ is the drain saturation cur-
rent and Ve is the drain saturation voltage. Letting
Iqs = Iqsar and Vgseps = Vasqr and also letting Eq. (2)
= Eq. (5), we obtain the drain saturation voltage Vysas
as follows:

EsatL(Vgs - ‘/fh)
AbulkEsatL + (Vgs - V;fh)’

Vdsat ~ (6)
where the effect of Ry in our proposed model described
later is neglected because we confirmed experimentally
that the effect of Rgs on Vygas is very small. Empirically
a value of ~ 1.0 x 10° (m/sec) +20% is obtained for
parameter V.SAT [10] when the parameter extraction is
performed for ordinary MOS devices with the BSIM3v3
model. When V. SAT has such a value (i.e. the drain
current saturation is caused by the velocity saturation),
the increase rate of the saturation current ;.. keeps
almost constant even if V, increases. Furthermore, the
equation of the source and drain resistance R4 without
back-gate-bias-voltage in BSIM3v3 (Fig. 1) is given by

Ry — RDSW(1 —i—V];RWG Vgs)7 (7)
where RDSW is source and drain resistance per unit
channel width. Note that R4s has a gate-voltage (V)
coefficient PRWG. BSIM3v3, which has this source
and drain resistance model, works as an accurate model
for ordinary submicron MOS devices where Ry = Ry,
and the extracted parameter value of Ry yields to ap-
proximately R + Rg; thus its measured and simulated
I-V characteristics match well.

On the other hand, Fig.3 shows a comparison
of the measured and simulated I-V characteristics of
a p-channel HV MOS device; we have extracted its
parameters by the standard method (using an UT-
MOST parameter extraction tool [11]) with the orig-
inal BSIM3v3. It is observed that both match fairly
well for low Vg and Vg4 operating voltages while there
are large discrepancies between them for high V,, and
Vs operating voltages. This is because the simulation
does not express the inherent phenomenon of the HV
MOS device that the increase rate of I;4,; decreases as
the gate voltage (V) increases.

Note that the features of the extracted BSIM3v3
parameter values of the HV MOS device are as follows:

1. The velocity saturation parameter V.SAT value is
1.94 x 10* (m/sec). This is due to the fact that
the parameter extraction tool optimizes the value
of VSAT according to the inherent phenomenon of
the HV MOS device that the increase rate of Iggq:
decreases with the nonlinear voltage drops across
Rd and RS.

2. The parameter RDSW value of source and drain
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Fig.4 Comparison between the measured and simulated I-V
characteristics of a p-channel HV MOS device with an optimized
parameter PRW G value of 1.6E-2 in the original BSIM3v3.

resistance per unit channel width is 1.75 X
10° (Q-um). When we decreased the operation
voltage ranges of Vg, and Vg to a smaller voltage
(10V) and reextracted the value of RDSW, we ob-
tained the same value. This means that RDSW
represents the source and drain resistance compo-
nent which is almost independent of Vs and Vg,.

3. The value of the parameter PRWG, the gate-
voltage coefficient for Rgg, is 1 x 107° (V~1); this
is sufficiently small and Rg4s can be considered as
an almost constant resistance.

We have investigated the effectiveness of the gate-
voltage dependent model of Rys in Eq. (7) for HV MOS
devices; the parameter extraction system optimized
only the value of PRWG by setting VSAT = 1 x 10°
and with the other parameter values the same as the
previously extracted ones. We obtained a parameter
PRWG value of 1.6 x 1072 and performed the SPICE
simulation with this value; Fig.4 shows the measured
and simulated I-V characteristics, and large discrep-
ancies are observed in triode region. We see that the
gate-voltage dependent model of Rgs given by Eq. (7)
can not express precisely the inherent phenomenon of
the HV MOS device that the increase rates of Vg4 and
Ijsqt decrease with the nonlinear voltage drops across
Rd and RS.

Since BSIM3v3 is a physical SPICE model (whose
equations and parameters have physical meanings), its
parameter extraction system sets the initial values and
ranges of the parameters according to the physical phe-
nomena of the MOS device to be measured. The system
performs the extraction for each parameter automati-
cally according to its initial-setting value and within
the operating voltage range where the corresponding
physical phenomenon occurs; e.g., since the drain cur-
rent saturation is due to the velocity saturation in ordi-
nary MOS devices, the parameter extraction tool opti-
mizes the value of V.SAT to express this phenomenon,
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Fig.5 Cross-section of a p-channel HV MOS device which ex-
plains its physical phenomena (the depletion region growth and
the channel separation in drain).

and does not use other parameters for numerical fitting.
Hence clarifying the physical mechanism in p~region is
very important in order to model the HV MOS device
accurately with BSIM3v3.

4. HYV MOS Device Mechanism Analysis with
Device Simulations

This section discusses the physical mechanism of the
HV MOS device focusing on p~region and based on de-
vice simulations. We have conducted device simulations
for the HV MOS devices and obtained the following re-
sults:

1. As the drain voltage (V) increases, the depletion
region in p~region grows as shown in Fig. 5 and the
separation between the channel of the drain-side
and p~region appears after Vs reaches a certain
value. (Hereafter we will call this effect “channel
separation.”)

2. As the gate voltage (V) increases, the growth of
the depletion region in p~region slows.

According to the above device simulation results and
the measured I-V characteristics in Fig. 3, we conjecture
as follows:

1. The drain voltage (Vys) which causes channel sepa-
ration is smaller than the saturation voltage (Vysat)
in Eq. (6).

2. When the channel separation appears, the drain-
side channel voltage level does not change even if
Vs Increases.

These effects are very similar to pinch off of long chan-
nel MOSFET model in a sense that in HV MOS devices
the effective drain-source voltage across the channel is
clamped at the voltage at which the channel separation
appears and which becomes larger as the gate-voltage
Vs increases. However note that in HV MOS devices
the channel separation appears even in triode region,
which differs from the pinch-off effect, and hence as
Vys increases, the increase rate of Vs decreases. We
see that expressing these phenomena in BSIM3v3 equa-
tions would lead to an accurate modeling of HV MOS
devices.
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5. Proposed HV MOS Device Modeling Tech-
nique

Based on the above-mentioned HV MOS device mech-
anism analysis, this section proposes a novel HV MOS
device modeling technique by changing the physical in-
terpretations of BSIM3v3 model but without changing
its equations.

In the original BSIM3v3, the Vgs.fs function fol-
lows Vs in triode region while it approaches to Vysa:
in saturation region (i.e., it is clamped to Vs there)
[6] and then Ve sy improves the continuities of the I-V
characteristics between triode and saturation regions.
Equation (6) shows that Vs, is determined by V.SAT
and V, for a fixed channel length L and is almost in-
dependent of Ay, k. Also recall that V.SAT can not ex-
press the channel separation effect as shown in Fig. 3.
In addition to these facts, we would like to consider the
following:

1. Since the drain voltage Vs at which the channel
separation appears is much smaller than the veloc-
ity saturation voltage, the velocity saturation ef-
fect can be ignored in the HV MOS device model.

2. The extracted parameter value of Ay, is always
nearly equal to 1.0 and hence the bulk charge ef-
fect is small enough to be ignored compared to
the other physical effects. Thus the parameter
Apur can be used to represent another physical
phenomenon.

3. The drain voltage Vs at which the channel separa-
tion appears can be controlled within a wide range
if it is expressed by Vysqs in Eq. (6) and controlled
mathematically by Apyk-

Our first idea is to express the effective drain voltage
clamped by the channel separation using Vy..r¢ and to
control the clamp voltage Visar of Viserr by Apwir. Note
that Apyr of Eq.(8) has the gate-voltage-coefficient
AGS, and then the clamp voltage Vysq; can appropri-
ately vary with Vs by optimizing AGS. If the velocity
saturation is ignored, the gate-voltage-dependency of
Viasat can be further effectively expressed. Focusing on
AGS and Vs and considering other parameters as con-
stants a and 3, Apyux is given by

K, AL

Apuie =1+ 5—F—==
h 2 ¢s - ‘/bs L+2\/Xdeep

x [1-AGS - (Vgs—Vth

) (L + 2\/LL+X7deep)2]

=1+a[l — AGS - (Vgs — Vin)B]
= f1(AGS, V), (8)

where ¢, is the surface potential, X; is the junction
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Fig.6 Source and drain resistance model of modified

BSIM3v3. Ry, is an operating-voltage-independent component
while R/ and Rfi are operating-voltage-dependent components.

depth, Xgep is the depletion width in the substrate, K,
is the first-order body effect coefficient, Ay is the bulk
charge effect coeflicient for channel length and Vg is
the substrate bias voltage. Then the velocity saturation
voltage Vgsqt is only a function of AGS and V, if the
velocity saturation effect is ignored:

Vqs - ‘/th
Apuik
Then Vgsers, which is a function of VSAT, DELTA,
Vys and Vg, in the original BSIM3v3, yields to a func-
tion of AGS, DELTA, V4, and Vg, and hence it is

a Vys-dependent function controlled by AGS within a
wide range:

Vdsat ~ = f2 (AGSa VQS)' (9)

1
Vdseff = Vdsat - §(Vdsat - Vds — DELTA

+v/(Visat —Vas—DELTA)? + 4 - DELTA - Vyguy)
= f3(AGS, DELT A, Vys, V,s), (10)

where DELT A is a tendency coeflicient of Vyserr. In
our new interpretation, Ay, x is not a bulk charge pa-
rameter any more but a channel separation effect pa-
rameter, and AGS is its gate-voltage coefficient.

Next, we will try to model the source and drain
resistances of HV MOS devices, which are implemented
as p~ region, and we propose an HV MOS device model
as shown in Fig.6. We consider that Rs; and R, are
given as follows:

Ry = Ry + R;, Rq= Rao + Ry,

where R, and R/, depend on Vi, and Vy, while Ry
and Rgo are constant terms which are combined into
Rgs. The physical meanings of Rsg, R, Rqo and R,
are given as follows: Rgy and Rgo are the source and
drain resistances in the p~ regions respectively when
no drain current flows and hence the depletion regions
do not grow, and Rso and R4 are combined into Rgs.
On the other hand, when the drain current flows due to
Vys and Vs, it causes voltage drops across p~regions in
source and drain in Fig. 5. Due to these voltage drops
and the substrate bias voltage, the depletion regions
grow in the p~ regions, which effectively reduces the
volumes of the p~ regions. Hence the resistances of the
p~ regions in source and drain increase, and let their
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increased resistance values in source and drain be R/
and R/, respectively. In other words, the values of R/
and R/, depend on V,, and V.

Now let us consider how to express this model with
BSIM3v3. When V,, and Vj, are the effective gate-
source and drain-source voltages across the pure MOS-
FET component plus R4s (which can be modeled by the
original BSIM3v3, see Fig. 1), respectively, and V,.; and
V.4 are voltage drops due to R, and R/, respectively, we
obtain the following:

Vg/s = Vgs - ‘/;“Sv (11)

les = Vys — (Vrs + Via)- (12)
Now let us consider how to express the HV MOS device
model in Fig.6 by assigning different meanings from
the original BSIM3v3 to the parameters of Vgg.rr and
Apur and ignoring the velocity saturation effect. First
we define Vés using the parameter Vysesy:

Vis = Viseffs (13)

so that the parameter Vy,.r¢ expresses the channel sep-
aration effect as well as the effect of R, and R/,. Next we
express the physical phenomena of p~region in source
using Apyir and Vgsers, and when the velocity satura-
tion effect is ignored, G450 is given by

dsef f dseff
_ Vasers q, 01y Yasets
2 ( bulk ) 2

Then we define V., as follows:

Vdseff

= (Apuk —1) =5 (14)
It follows from Egs. (11) and (14) that
;o Vasers
Vqs - V (Abulk - 1) (15)

2

Thus we obtain the drain current equation from

Egs. (11) — (15) as follows:
GasoVy,
las = —F—F~—
1+ RasGaso
where

€ox W %4
Gaso = ,uejfT L<V/ Vin — ;S>-

In the above-proposed equations, V,.; is controlled by
Apuk, and hence Apyr represents the channel separa-
tion and source resistance, and AGS is its gate-voltage
coefficient. Furthermore, V,.; + V4 is controlled by
DELTA, which is a coefficient of Vs sy and thus Ay
and DELT A are optimized not independently but they
are optimized to well-balanced values.
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Table 1  Extracted parameters of original and modified
BSIM3v3 models.
Extracted parameters
Original BSIM3v3
Modified BSIM3v3

VSAT AGS DELTA
1.94 x 10* [ 1 x10~° | 0.01
1 x 10° —0.0984 | 0.991

6. Parameter Extraction Technique

This section describes how to extract parameter val-
ues from HV MOS devices with the above-mentioned
proposed BSIM3v3 model. The proposed method uses
parameters Ap,r and Vgserp to represent Vg and Vg
respectively and also ignores the velocity saturation
effect, and hence the parameter values of Ay, and
Vasers have to be extracted to optimize V,, and Vg4
respectively and the value of V.SAT has to be suffi-
ciently large. We have found that the standard param-
eter extraction method (e.g., with an UTMOST param-
eter extraction tool [11]) can be directly applied just
with the following initial-parameter-value-settings and
operating-voltage-ranges so that the parameter values
of AGS and DELT A based on Egs. (14), (15) and (13)
can be extracted and the velocity saturation effect can
be ignored:

1. Set VSAT to a large value (e.g., 1 x 10?) to ignore
the velocity saturation effect.

2. Set the initial value of AGS to —0.1 to optimize
the parameter value of AGS in saturation region as
well as in triode region close to saturation region.
This means optimizing the clamp voltage Vgsq¢ of
Vasess in Eq. (10) and V[ in Eq. (11).

3. Set the initial value of DELTA to 1.0 to opti-
mize the parameter value of DELT A around the
drain saturation voltage. This means optimizing
the V,.s 4+ V,.q component of Vs in Egs. (12) and
(13).

Here AGS is the gate bias coefficient for Ay, and
DELTA is the coeflicient for Vysery in BSIM3v3. Note
that the value of AGS is usually extracted as a pos-
itive value with the original BSIM3v3 by setting its
initial-value to zero, while it is negative in our proposed
method because its physical interpretation is different.
According to the above procedure, we have obtained
the parameter values of VSAT, AGS and DELT A for
a p-channel MOS device as shown in the column “mod-
ified BSIM3v3” of Table 1, and the other parameter
values are the same as those extracted using the orig-
inal BSIM3v3. SPICE simulation of the HV MOS de-
vice was performed using these parameters, and Fig. 7
shows a comparison of the simulated and measured I-
V characteristics of a p-channel HV MOS device while
Fig. 8 shows those of an n-channel HV MOS device.
We see that the simulated and measured I-V charac-
teristics match well at almost all operating voltages in
both p-channel and n-channel HV MOS devices, which

635

| Ves=—9.9V to -80V steped by -11.7V
O measured
| — simulated ol

QO Q

O QQ

N

M O QOO
O QO

P ® QO

¥,
s
Q) ORBE)
N
) QEBB
O QN ?.5
1)

n w E-3 [4;] » ~
T

A-O0-0000 0000
o0

Drain current —lds(mA)

_.
r
D
0N
Y,

OO C OO0 0000000000000
. . .

o

4
0 20 40 60 80
Drain voltage -Vds(V)

Fig.7 Comparison between the measured and simulated I-
V' characteristics of a p-channel HV MOS device (modified
BSIM3v3).
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Fig.8 Comparison between the measured and simulated I-
V characteristics of an n-channel HV MOS device (modified
BSIM3v3).

confirms the effectiveness of our technique.

Remark: Figure 8 shows some discrepancies between
the measured and simulated I-V characteristics of an
n-channel HV MOS device in high Vy, and low Vs op-
erating region, which is due to the substrate current
induced body effect (SCBE) [12],[13]. It is well-known
that SCBE has a peak as a function of Vg, and it is es-
timated that the SCBE of the measured device in Fig. 8
has relatively strong dependency on Vi, and has a peak
at Vygs =~ 15V. However the BSIM3v3 SPICE model
does not incorporate the V,,-dependency for SCBE [5],
and this is the reason for the discrepancies in Fig. 8.

7. Verification of Relationship between Modi-
fied BSIM3v3 and Physical Mechanism for
HV MOS Device

In this section we will try to verify our interpretation
on the physical mechanism of a p-channel HV MOS de-
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Fig.9 Drain-source voltage Vg5 across a p-channel HV MOS
device vs. its effective drain-source voltage Vés across the chan-
nel. Vés is calculated based on the source and drain resistance
model in Fig. 5.

vice using three parameters in BSIM3v3 because our
interpretation on the modified BSIM3v3 is based on
the physical mechanism of HV MOS devices. Figure 9
shows Vg (the drain-source voltage across the HV MOS
device) versus V. (the effective drain-source voltage
across the pure channel), calculated from the optimized
parameter values of AGS and DELT A, and we see that
Vi, is clamped to a substantially smaller voltage than
V4s; this is the reason that the HV MOS device has
a high breakdown voltage. Furthermore, Fig. 10 shows
Vas versus Vo (the effective gate-source voltage across
the pure MOS component). The value of V,, is deter-
mined by the voltage drop V.4 due to the drain current
across R,. Recall that V; and V, are optimized by
Apur (whose value varies from 1.4 to 4.2 due to the
gate-voltage), and as the value of Ay, increases, Vysat
(equivalent to the channel separation voltage) becomes
smaller while R, becomes larger; the optimized value of
Apuik is a trade-off between Vg, and R,. We see that
our modified BSIM3v3 model can explain the physical
mechanism of HV MOS devices very well.

8. Conclusion

We have described a new technique to model HV MOS
devices accurately with the BSIM3v3 SPICE model.
None of the standard SPICE models can model the
voltage dependency of Rs and Ry of HV MOS devices,
but we have assigned physical meanings and values dif-
ferent from the original BSIM3v3 model to three of its
parameters to represent the voltage dependency of Ry
and R;. We have succeeded in highly accurate param-
eter extraction, and the simulated I-V characteristics
of HV MOS devices using the extracted parameters
matched well to the measured results. The relation-
ship between the proposed modeling technique and the
physical mechanism of HV MOS devices has been also
discussed based on measured and device simulation re-
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Fig.10 Drain-source voltage Vs across a p-channel HV MOS

device vs. its effective gate-source voltage Vg’ o Vg’ s is calculated
based on the source and drain resistance model in Fig. 5.

sults. Since our method does not change any model
equations of BSIM3v3, it can be applied to any SPICE
simulator on which the BSIM3v3 model runs. Our re-
sults here will enable accurate design for complex cir-
cuits, such as operational amplifiers, with HV MOS de-
vices based on SPICE simulation.
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