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Characterization and SPICE Modeling
of Lateral Diffused MOS by using

a Novel Metal Contact Structure

Student: Hsu-Ting Shiung Advisor: Dr. Tahui Wang

Department of Electronics Engineering &
Institute of Electronics

NationakChiao Tung University

Abstract.

Self-heating induced internal voltage degradation is observed. A novel lateral diffused
MOS transistor with an additional metal contact for internal voltage measurement is
introduced. An internal voltage transient at high gate voltage pulse is measured. A comparison
of self-heating characterization by the internal voltage method and the conventional drain
current method is presented. The internal voltage method is demonstrated to be more sensitive
than drain current method for self-heating characterization.

A two-component V|-based LDMOS SPICE model including self-heating effect is
proposed. Our model accurately depicts the LDMOS drain current transient at high gate

voltage pulse, demonstrating successful use of the self-heating model. Modeling results of the



self-heating and non-self-heating currents at various Vg and Vp are also shown.
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Fig. 1.1

Fig. 2.1

Fig. 2.2

Fig. 2.3

Fig. 2.4

Fig. 2.5

Figure Captions

Organization of thesis. Chapter2 discusses self-heating characterization
while chapter3 focuses on SPICE model including self-heating effect. (p.3)
(@) Cross-section of a novel LDMOS structure. The metal contact (V)) is
arranged in the bird’s beak region with an n+ implant.
(b) Transient measurement setup for internal-voltage characterization. (p.8)
Transient V|, measured at high gate voltage pulse. Self-heating induced
V, decrease is observed. (p:9)
(@) Ip versus Vp in SHE (DC Meas.)-and SHE-free (Transient Meas.)
conditions. At Ve/Vp=40V/40V, SHE Induces 8% change in drain current.
(b) V, versus Vp in SHE and SHE-free conditions. A 23% change caused by SHE is
seen at Vs/Vp=40V/40V. (p.10)
Io versus V) at Vs=40V. In the saturation region, a V, change of 23%
corresponds to a relatively small change in Ip. (p.11)
(@) Current versus voltage of the LDMOS (Ip-Vp) and the intrinsic MOS
(Io-V)) in the low-Vg region. The I-V of the intrinsic MOS and the LDMOS in

linear region and saturation regions are almost identical.
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(b) High-V current versus voltage of the LDMOS and the intrinsic MOS. A

significant current difference is observed in the saturation region. (p.12)

Fig. 3.1 (a) Equivalent circuit model of the LDMOS device. The MOS represents

the channel region while the V, controller accounts for the drift region.

(b) Hlustration of different operation regions controlled by each component. (p.20)

Fig. 3.2 Process of the V,-based LDMOS model. (p.21)

Fig. 3.3 Process of the V, controller. Here self-heating effect is taken into account. (p.22)

Fig. 3.4 A specially-designed modeling flow to set up the MOS model and the V,

model. Five steps are indicated, including (1) and (2) MOS parameter extraction, (3)

V| simulation, (4) V, model, and (5)-LDMQOS macro model. (p.23)

Fig. 3.5 A comparison of measurement data and model fitting results after step 1.

(@) Low-Vg and (b) High-Vg. (p.24)

Fig. 3.6 A comparison of measurement data and model fitting results after step 2. (p.25)

Fig. 3.7 Aspecial simulation method to obtain internal voltage data from the input

drain current. The MOS parameters are extracted from step 1 and 2. Typical

V| simulation result is plotted under self-heating (w. SH) and non-self-heating (w/o

SH) conditions. (p.26)

Fig. 3.8 Model V,equations plotted at V=20V. Eq.1 represents V, in the linear
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region while Eq.2 depicts saturation V,. Eq.3 is the effective V, for both linear and

saturation regions. (p.27)

3.9 Comparison of the non-self-heating V, simulation data and the \V; model

built by model equations. (a) V|-V and (b) V|-Vp. (p.28)

3.10 Ip transient and the corresponding simulation V, transient. The SH-induced

total V, change B and the time constant tc are extracted from the transient

Vi. (p.29)

3.11 RC sub-circuit for modeling of transient V, change. (p.30)

3.12 Simulation and model AV (t)-and V(). (p.31)

3.13 Modeling result of the drain current.transient at Vo=Vp=40V. (p.32)

3.14 Comparison of measurement ‘and model ipversus Vpat (a) Low-Vgand

(b) High-Vg. The model drain current values w/o SHE and w/ SHE are extracted

from the model Ip transient at t=0 and t=30us respectively. (p.33)

3.15 Modeling results of Ip versus Vg in (a) linear region and (b) saturation

region. (p.34)



Chapter 1

Introduction

The continuous scaling down of CMOS technology is accompanied by the
reduction of the power supply voltages. Power MOSFETs, with their high-voltage
capabilities, were first introduced in the 1970s [1] to enable low-voltage integrated
circuits to work together with power devices. Among the wide variety of power
MOSFETs, lateral diffused metal-oxide-semiconductor (LDMOS) is the device of
choice because of its great compatibility with standard CMOS process flow. By
incorporating LDMOS transistors with low-voltage integrated circuits, the
high-voltage integrated circuits (HVICs) [2] are. developed and vastly utilized in
numerous applications such as-automotive electronics, display drivers and aircraft
controls.

In order to withstand large voltage drop; a drift region is included in a typical
LDMOS structure. This region is covered with field oxide, making heat dissipation
very difficult. During high voltage operations, heat starts to build up in the drift region
and self-heating effect (SHE) ensues. In the first part of this thesis, we will present a
new SHE characterization method —the internal voltage (Vi) method. A novel
LDMOS structure with an extra metal contact is fabricated and self-heating induced
internal voltage transient is studied. In addition, the internal voltage measurement data
will also reveal properties of the channel region of LDMOS.

Despite being widely utilized, the LDMOS device still lacks a simple and
accurate model. Many studies regarding this subject has been put forth [3-8], however,
the effect of self-heating is not considered. Therefore, in the second part, we

emphasize on developing an internal-voltage-based SPICE model including
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self-heating effect.

This thesis is organized as follows: Chapter 1 is introduction. Chapter2
demonstrates a new LDMOS characterization method by using a novel metal contact
structure. Chapter3 presents a SPICE model including self-heating effect. A brief

conclusion is given in Chapetr4. The organization of thesis is illustrated in Fig. 1.1.



CH.2 CH.3
w/o SHE Model
Self-Heating Meas. g‘- ' ﬁ Internal Vol.tage
: ; w. SHE Model '
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Vi

Metal Contact Structure

Fig. 1.1 Organization of thesis. Chapter2 discusses self-heating characterization

while chapter3 focuses on SPICE model.including self-heating effect.



Chapter 2
A Novel Metal Contact Structure for

Self-Heating and Device Characterization

2.1 Introduction

Self-heating effect has been recognized as one of the major reliability issues in
LDMOS [9], particularly when the device 1is utilized in today’s
high-voltage/high-current operations. This effect results in an increase of device
temperature and a reduction of drain-current [10]. To characterize SHE, a
conventional drain-current method [11] is,generally used to monitor self-heating effect
and the corresponding thermal titne constant.-In this method, a short voltage pulse is
applied to gate, and drain-curtent is extracted from a voltage drop of an external
resistor [11]. The varying drain-Current.in'self-heating condition, however, results in a
varying voltage drop across the resistor and thus an ambiguous thermal time constant.
This may lead to an unreliable SHE study or SPICE model. Therefore, a new
characterization method, which avoids the issue of varying voltage drop, is essential

for a more accurate self-heating study.

2.2 A Novel LDMOS Structure for Internal Voltage

Measurement

2.2.1 Device Structure
A cross section of the LDMOS is shown in Fig. 2.1(a). It consists of two regions,
the MOS region and drift region. The voltage at the junction of two regions is

indicated as the internal voltage. This internal voltage is equal to the drain voltage of
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the intrinsic MOS. Probing the internal voltage enables us to directly extract
properties of the intrinsic MOS. To this purpose, an n+ implant is formed near the
bird’s beak. The contact area is very small and thus does not affect the overall device
electrical characteristics. The device used in this work was processed in a 0.18um
CMOS technology with width=20um and channel length=3um. The gate oxide
thickness and field-oxide thickness are 110nm and 450nm respectively. The

operational voltages are Vs/Vp =40V/40V.

2.2.2 Internal Voltage Transient

A fast transient measurement setup including a digital oscilloscope is built, as
shown in Fig. 2.1(b). A gate voltage pulse and constant drain voltage (Vp=40V) are
applied in the Vi transient measurement. The transient measurement result is shown in
Fig. 2.2. At Vg=40V, V| is independent' of-pulse time in the beginning and then
decreases with pulse time. The dectease-of-Vy, is attributed to self-heating induced
mobility degradation in the drift region[12][13], thus resulting in a larger drift region
resistance and a smaller Vi. As the applied voltage pulse is long enough, the Vi
becomes stable and is independent of pulse time again. Since heat in the LDMOS can
be dissipated through the silicon substrate toward the backside of the wafer, heat
generation/dissipation rates will reach equilibrium and thus a stable V| at a longer
pulse time can be observed. In addition, at smaller gate pulse there is less power

consumption and thus a smaller V| decrease.



2.3 Comparison of the V, Method and Conventional Ip

Method

For a comparison, the V; method and the conventional Ip method [11] are both
presented in Fig. 2.3(a) and (b) respectively. The Vi in transient measurement (equal
to Vi w/o SHE) is extracted at gate pulse=5us and the V; in DC measurement (equal
to Vi w/ SHE) is measured by Agilent 4156. At Vo/Vp=40V/40V, self-heating induces
an 8% change in Ip and a 23% change in V), as indicated by an arrow in Fig. 2.3. A
larger reduction in the V; method than in the Ip method is noticed. The possible reason
for a larger V| reduction can be explained by plotting the relation between I, and Vi,
as shown in Fig. 2.4. When self-heating occurs, the device is operating in high Vg/Vp.
A Vi reduction of 23% (AV)) at VgiVp=40V/40V and the corresponding Ip reduction
(Alp) are indicated. It shows cléarly that-a large change in V| only corresponds to a
small change in Ip in the saturation region. Consequently, the V; method is more

sensitive than then the conventional Ip method for self-heating characterization.

2.4 Comparison of LDMOS/MOS Characteristics

One of the purposes of measuring Vi, as we have mentioned in section 2.2.1, is
to obtain characteristics of the intrinsic MOS. Therefore, a comparison of the I-V of
the LDMOS (Ip-Vp) and the intrinsic MOS (Ip-Vj) in the low-Vg region is shown in
Fig. 2.5(a). We observe that the I-V of the intrinsic MOS and the LDMOS in linear
region and saturation regions are almost identical. This implies that Vj is close to Vp
and the LDMOS performance is dominated by the intrinsic MOS at low V.

A similar comparison of the characteristics of the intrinsic MOS and the LDMOS
in the high-Vg region is presented in Fig. 2.5(b). At small Vp, the drain current of the

intrinsic MOS and the LDMOS are very close, indicting that the intrinsic MOS still
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dominates the LDMOS characteristics in the linear region. However, a significant
current difference is observed in the saturation region, implying a large voltage drop
in the drift region. Thus, the saturation characteristics of the device are controlled by
both the intrinsic MOS and the drift region. This is commonly known as the
quasi-saturation eftect [7].

The characterization leads to a possible LDMOS modeling technique: We may
use an intrinsic MOS model to control the low-Vg LDMOS characteristics and

another component to model the device I-V in the high Vgregion.

2.5 Summary

In summary, a novel internal-voltage method has been developed to characterize
self-heating effect in an n-LDMOS.imAself-heating induced V; transient is
characterized for high gate voltage pulse. This method shows higher sensitivity than
the conventional drain current method. Einally, a'possible two-component LDMOS

model has emerged from our comparison of LDMOS/MOS characteristics.
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Fig. 2.1 (a) Cross-section of a novel LDMOS structure. The metal contact (V) is
arranged in the bird’s beak region with an n+ implant.

(b) Transient measurement setup for internal-voltage characterization.
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Fig. 2.5 (a) Current versus voltage of the LDMOS (Ip-Vp) and the intrinsic MOS

(In-V)) in the low-Vgregion. The I-V of the intrinsic MOS and the
LDMOS in linear region and saturation regions are almost identical.
(b) High-Vg current versus voltage of the LDMOS and the intrinsic MOS. A

significant current difference is observed in the saturation region.

12



Chapter 3
An Internal-Voltage-Based SPICE Model
Including Self-Heating Effect

3.1 Introduction

The efficiency of the LDMOS circuit depends tremendously on the device model.
A precise model greatly enhances the device performance. However, characterization
of LDMOS is rather difficult compared to conventional MOSFET due to the diverse
nature of the channel region and drift region. A major obstacle is the characterization
of drift region because of its complex, dependence on external terminal voltages. A
common approach to cope with this, issuelis by, using the internal voltage to separate
the channel and drift region-and model" the two regions independently. Many
modeling approaches have been’developed-to-solve the internal voltage [3-8]. Most of
them used a numerical iteration procedure to'solve the internal voltage with numerous
fitting parameters [3-6]. Others solve for the internal voltage explicitly by equating
the channel current with the drift region current [7-8]. However, none of the studies
take into account the correlation between the internal voltage and self-heating effect.

In this chapter, a Vi-based LDMOS model including self-heating effect is
presented. We have also developed a V; simulation method, which produces the
corresponding internal voltage of each drain current. Hence, our Vi-based model can
be applied without actual fabrication of a special structure for Vi measurement. A
simplified Viequation with four fitting parameters is given explicitly in terms of the

external terminal voltages. The model is finally simulated by an HSPICE simulator.
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3.2 Model Description

3.2.1 Model Components

An equivalent circuit of the LDMOS is shown in Fig. 3.1(a). The circuit model
consists of two components, an intrinsic MOS and a Vj controller. We denote the
current flow through the MOS model as I, to distinguish it from the drain current Ip.
Fig. 3.1(b) illustrates the operation regions controlled by the two components
respectively. The low-Vgregion and the linear high-Vg region are controlled by the
MOS model. The saturation high-Vg region is controlled by the MOS model and the

Vi controller.

3.2.2 Model Process

Fig. 3.2 is an illustration of gur SPICE model process. First, the external gate and
drain voltages are the input to the Vi controller./ The V; controller generates the
corresponding Vi, which is theh set-as the“input drain voltage of the MOS model.
After that, the MOS model produces the final Ip according to its input voltages. The
operation of the MOS model is well understood. Hence, we will explain how the V;
controller generates the correct V.

The process of the Vy controller is specified in Fig. 3.3. When a pulse gate or
drain voltage is applied and self-heating is induced, V; controller generates two terms.
One is the V; at pulse time t=0, which equals the non-self-heating V. The other term
is the self-heating induced Vi change at pulse time t>0. In this way, a model value of
V) at any pulse time t is obtained.

After introducing our model concept, we will demonstrate in detail how the

model is built in the next section.
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3.3 Modeling Flow

A specially-designed LDMOS modeling flow is shown in Fig. 3.4, including five
steps: (1) and (2) MOS parameters extraction, (3) Visimulation, (4) Vimodel, and (5)

LDMOS model.

3.3.1 MOS Parameter Extraction

In step 1, the measurement I-V data of LDMOS is divided into the low-Vg data
and the high-Vg data. The low-Vg MOS model is built on the MOS parameters
extracted from the LDMOS low-V data. A comparison of the measurement data and
the fitting results after step 1 is shown in Fig. 3.5. Then, the MOS model is extended
to high-V using the high-Vg data in the linear region in step 2. Fitting results after
step 2 is shown in Fig. 3.6. Step:1 and2 are actually carried out at the same time,
using built-in MOSFET model in"BSIM3v3: At this point, we have completed the

MOS model, which will be utilized in the nextstep~ V| simulation.

3.3.2 V, Simulation

In this step we will deal with the LDMOS I-V in the high Vs/Vp region, which is
supposed to be controlled by both the MOS model and the V| controller. Our goal is to
obtain the corresponding Vjof each Ip, so that in the next step we can build the V;
model based on the simulation Vidata. The V; simulation method is illustrated in
detail in Fig. 3.7. Using the LDMOS drain current as an input current source to the
MOS model, we can obtain the corresponding output V. A typical V| simulation result
is illustrated in the inset of Fig. 3.7. Note that the Vi-Vp simulation result has the same
saturation characteristics of the LDMOS Ip-Vp measurement. Consequently, Vj is

limited in the saturation region and the current produced by the MOS model will also

15



exhibit the same saturation characteristics as the LDMOS measurement current.

3.3.3V, Model

The Vi model describing the internal voltage transient is established by
integrating a non-self-heating Vi model with a self-heating induced Vi change. The
non-self-heating Vimodel is denoted by Vi (t=0), implying the Vi at pulse time t=0. V;
equations with both Vg and Vp dependence are used in the non-self-heating model,
which are derived as follows. First, an LDMOS current equation with two fitting

parameters, O,,q and n, is expressed as:

W Y7, Vv
| V. )~—-C_ - 0 . -V —D).y
D(VG D) |_ ox 1+9d'(VG _Vt)n (VG t 2 ) D

The MOS model current in the linear region‘is expressed as:

W V
Ich(Veﬁvl)zT'Cox iy (Vg =V, _?l)'vl

Since the LDMOS current is equal to the intrinsic MOS current, equating the currents

we get an expression for Vi

V
(VG _VI _TD)'VD
1+0,,- Vs -V)"

Vi Ve, V) = (Vg =V —4| (Ve _Vt)z_z' (1

We arrive at an expression for the LDMOS current:
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W V

—-Cy sty - Vg =V, __I) V, Vb= Vi
| (V..V,) = L 2
° e W Vlsat

T Coy ity - Vg =V, — 5 ) Visat Vb > Visat

The linear drain current is simply obtained using equation 1 for Vi. For the current in

the saturation region, Vj is substituted by Vg,

VD

—_\/ — ‘Dsaty.\/
- Ve V) (VL _Vt)z . ' > ) I:sat
- 1_'_emd '(VG _Vt)

where V, (Vo) =V, |, 2)

(VG _Vt)

d V =
an psat (Vo) 1+7-(Vo—-V,)

, with.fitting. parameter .

So far we have acquired an expression for'linear region Vi (equation 1) and an
expression for saturation region Vi (equation 2)..We now introduce an effective Vi [14]

to express V in both linear and saturation regions as a single equation:

1
VI eff (VG 9VD) = Vlsat - 5 ) [Vlsat _VD —A+ \/(Vlsat _VD - A)z +4A 'Vlsat ] 3)

There is a fitting parameter A determining the degree of smoothness in the
quasi-saturation transition. Equation 3 includes four fitting parameters: Omg, n,
v and A. Equations 1, 2 and 3 are plotted in Fig. 3.8 to further explain the concept. Fig.
3.9 shows the resulting non-self-heating Vi model built by the model equations.

The LDMOS transient characteristics when a gate or drain voltage pulse is
applied are controlled by the AV| transient model. Fig. 3.10 shows the transient Ip and

the corresponding transient Vi obtained by V; simulation method. In an attempt to
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describe the transient V| by an exponential decay function, our model utilizes an RC
sub-circuit shown in Fig. 3.11. The sub-circuit is composed of three components: a
current source, R and C. RC is the time constant of the V;transient. The voltage drop
across RC is modeled as the SH-induced Vi change, denoted as AVi(t). In transient
operation, the current source starts to charge the capacitor C and AVi(t) increases.
When the capacitor becomes fully-charged, AV((t) maintains a constant value, which
is equal to the value 3 extracted from Fig. 3.10. Also extracted from Fig. 3.10 is the
time constant tc.

A comparison between the simulation and model AV((t) and Vi(t) is shown in Fig.
3.12. The Vi(t) is modeled as Vi(t) = Vi(t=0)—AV(t). Time-dependent V;and AV

equations can be expressed as

V,(0) =V, () + - exp(—ri)

C
t
AV, (1) = f-[1-exp(=—)]
Tc
By incorporating the MOS model and the Vi model, the macro model is finally
acquired. The model is performed by an HSPICE simulator and the modeling results

will be presented in the next section.

3.4 Results and Discussions

In the following figures, symbols correspond to the measurement data, while the
solid lines represent the LDMOS model.

Fig. 3.13 shows the drain current transient when a gate voltage pulse is applied.
Since our Vi model has described the Vi simulation transient correctly, the macro

model can also successfully describe the Ip measurement transient.
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The model Ip transient at t=0 and t=30ps are extracted as the model drain current
w/o SHE and w/ SHE respectively at various Vg/Vp to form the Ip versus Vpresults in
Fig. 3.14. In the low-Vg region, no self-heating is observed and only one curve is
shown for each gate voltage. By a comparison with the MOS model in step 1, we
notice that the macro model current level is slightly lower than the MOS model
current level in the low Vgregion, which is due to subsequent use of the Vi controller.
In the high Vgregion, both SHE-free and SHE drain currents are shown for V=24V
and Vg=40V. Once again, at V=40V the model current is largely suppressed
compared to the MOS model current and matched with the LDMOS measurement
current level. This again is due to the Vi controller which limits the Vi value and
restricts the MOS model output current.

In Fig. 3.15(a), modeling results of the linear characteristics of the LDMOS
device are presented. An accurate linear drain current and transconductance G, are
achieved and thus the Vry of the model is-matched /'with that of the device. Note that
as Vp is small, model equation+2-becomes  Vi=Vp, implying that the device
characteristic is dominated by the MOS model. Fig. 3.15(b) depicts the saturation
characteristics of the LDMOS device. The drain current in the SHE condition exhibits
serious quasi-saturation effect, indicating the effect of drift region on the saturation
characteristics of the high-Vg region.

The drain currents in both high-Vs and low-Vg regions are well described by our
model. A good agreement between model and measurement results has proven that the

Vi controlled self-heating model is successfully used in the LDMOS device.
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Fig. 3.1 (a) Equivalent circuit model of the LDMOS device. The MOS represents

the channel region while the V| controller accounts for the drift region.

(b) Illustration of different operation regions controlled by each component.
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Fig. 3.2 Process of the Vi-based LDMOS model.
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Fig. 3.3 Process of the Vi controller. Here self-heating effect is taken into account.
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Fig. 3.4 A specially-designed modeling flow to set up the MOS model and the V;
model. Five steps are indicated, mcluding (1) and (2) MOS parameter

extraction, (3) V| simulation, (4) Vi model, and (5) LDMOS macro model.
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Fig. 3.5 A comparison of measurement data and model fitting results after step 1.

(a) Low-Vg and (b) High-Vg.
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Fig. 3.7 A special simulation method to obtain internal voltage data from the input

drain current. The MOS parameters.are extracted from step 1 and 2. Typical

Vi

simulation

result . is

non-self-heating (w/o SH)'conditions:
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Fig. 3.8 Model V|equations plotted at-Vg=20V. Eq.1 represents V| in the linear
region while Eq.2 depicts saturation Vi. Eq.3 is the effective V| for both

linear and saturation regions.
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Fig. 3.9 Comparison of the non-self-heating Vi simulation data and the Vymodel

built by model equations. (a) Vi-Vg and (b) V|-Vp.
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Fig. 3.10 Ip transient and the corresponding simulation Vi transient. The SH-induced

total Vichange 3 and the time constant t¢ are extracted from the transient

Vi
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Fig. 3.11 RC sub-circuit for modeling of transient Vichange.
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Fig. 3.12 Simulation and model AVi(t) and V(t).
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Fig. 3.13 Modeling result of the drain curtent transient at Vg=Vp=40V.
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Fig. 3.14 Comparison of measurement and model I versus Vp at (a) Low-Vgand
(b) High-V. The model drain current values w/o SHE and w/ SHE are

extracted from the model Ip transient at t=0 and t=30us respectively.
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Fig. 3.15 Modeling results of Ip versus Vg in (a) linear region and (b) saturation

region.
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Chapter 4

Conclusion

A special LDMOS structure with an extra metal contact for internal voltage
measurement has been fabricated and self-heating effect characterization by the
internal voltage method is demonstrated. Self-heating induces more change in V| than
in Ip because of the nature of the device in the saturation region. A comparison of the
intrinsic MOS and the LDMOS characteristics is presented. The intrinsic MOS
dominates the low-Vgregion of the device properties, whereas drift region dominates
the high V/Vp region.

A complete Vi-based LDMOS model including self-heating effect is presented.
Self-heating induced transient Vjchange is aceurately described by an RC sub-circuit.
We also put forth simplified «explicit Vi-equations with only four major fitting
parameters (A, v, Omg, n). Successful use of the LDMOS model in HSPICE simulator
has proven that our LDMOS model can reach a very good agreement between

measurement and model.
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Appendix MOS Model Parameters extracted
by BSIM3v3

.model nch_asy nmos (

+level = 49

+Ilmin =1.7e-006 +tref =25

+lmax =1.7e-006 +x| =0

+wmin = 2e-005 +XW =0

+wmax = 2e-005 +Imlt =1

+version = 3.24 +wmlt =1
+mobmod =1 +ld =0
+capmod =3 +llc =0

+ngsmod =0 +lwc =0

+binunit =1 +lwlc =0

+stimod =0 +wlc =0
+paramchk= 0 +WWC =0
+binflag =0 +wwlc =0
+vfbflag =0 +tox = 1.117e-007
+hspver =2000.2 +wint =0

+lref = 1e+020 +lint =0

+wref = 1e+020 +hdif =5.175e-006
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+1dif
+lI
+wl
+lIn
+win
+lw
+Ww
+lwn
+wwn
+lwl
+wwl
+cgbo
+xpart
+vth0
+k1
+k2
+k3
+k3b
+nlx
+dvt0

+dvtl

=0.7347

=0.53

=-0.0186

= 1.74e-007

=22

=0.53
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+dvt2 =-0.032

+dvtOw =0

+dvtlw  =5300000

+dvt2w  =-0.032

+nch =1.67e+016
+voff =0.165
+nfactor =1

+cdsc =0.00024

+cdscb =0

+cdscd =0

+Cit =0

+u0 =0.08346
+ua = 1.025e-008
+ub =-2.32e-018
+uc =-4.65e-011
+ngate =0

+X] = 1.7e-006
+w0 = 2.5e-006
+prwg =0

+prwb =0

+wr =1



+rdsw =0

+a0 =0.0099
+ags =-2e-012
+al =0

+a2 =1

+b0 =0

+bl =0
+vsat = 105200
+keta =-0.047
+dwg =0
+dwb =0

+alpha0 =-2e-012
+beta0 =30

+pclim =4.7e-012
+pdiblcl = 0.0871
+pdiblc2 = 0.0005507
+pdiblch = -2e-012
+drout  =0.56

+pvag =0

+pscbel =4.198e+008

+psche2 = 5e-006

40

+delta =0.016

+eta0 =0.05395

+etab =-0.07
+dsub =0.56
+elm =5
+alphal =0

+clc = 1e-007
+cle =0.6
+ckappa =0.6
+cgadl =0
+cgsl =0
+vfbey =-1
+acde =1
+moin =15
+noff =1
+voffcv =0

+ktl =-0.11
+kt1l =0

+kt2 =0.022
+ute =-15
+ual = 4.31e-009



+ubl
+ucl
+prt
+at
+noimod
+noia
+noib
+noic
+em
+af

+ef

+kf
+gdsnoi
+rsh
+js
+jsw
+Cj

+mj
+Cjsw
+mjsw

+pb

=-7.61e-018

= -5.6e-011

=0

= 33000

=1

= 1e+020

= 50000

=-1.4e-012

= 41000000

= 0.0005

= 5e-010

=0.33

4

+rd =0
+rdc =0
+rs =0
+rsc =0
+xti =0
+acm =12
+calcacm =0
+nj =1
+pbsw =0.8
+pte =0
+tt =0
+ijth =0.1
+tcj =0
t+ejsw =0
+tcjswg =0
+tpb =0
+tpbsw =0
+tpbswg =0

)
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