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1
METHOD FOR MODELING AND
PARAMETER EXTRACTION OF LDMOS
DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/348,336, entitled “Method for Modeling
and Parameter Extraction of LDMOS Devices Under Cryo-
genic Conditions™ and filed on May 26, 2010. The complete
disclosure of said provisional patent application is hereby
incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention pertains to methods for modeling electronic
device performance, and in particular to methods for model-
ing the performance of LDMOS devices.

2. Brief Description of Related Art

Accurate temperature scalable compact device models are
the first steps towards designing extreme environment cir-
cuitry. Currently, designers utilize the standard models that
are used to implement circuits in the 393 K to 218 K (+120°
C. to -55° C.) range. Such models are not sufficient for
applications that are to be deployed under deep cryogenic
conditions (lunar, Martian etc.). The compact cryogenic
model and the parameter extraction strategy is used to build
high voltage biasing circuits for sensor interface electronics
that are to be deployed in future lunar missions. These elec-
tronics are part of a remote health monitoring system-on-a-
chip that monitors the conditions of surrounding key systems
on a spacecraft [1]. This chip processes a wide variety of
possible sensor inputs through an analog front end (Wheat-
stone bridge, variable gain amplifier, filtering, and data con-
version). The electronics should be capable of operating
down to 93 K (-180° C.) since they will not be shielded by
“warm electronic boxes”, which is the current practice. This
will greatly reduce weight, volume, and power consumption,
while improving overall performance and system reliability.

It would be erroneous to extrapolate the temperature scal-
ing in standard models to such low cryogenic temperatures
simply because the behavior at 93 K deviates significantly
from what was observed at 218 K. One approach to address
this problem is to use a standard model as an iso-thermal
model by turning off the temperature dependent parameters
and extracting a parameter set to fit at one single temperature.
This can be repeated at various temperatures within the range.
This binning method has many disadvantages: (a) effects
such as self-heating will not be accounted for, (b) may not be
very accurate if many temperature points are not considered,
(c) cannot be used to design circuits that require a continuous
replication of the device performance over the temperature
range, (d) would require greater time and effort for realizing
the design, and (e) the possibility of human errors increase as
designers need to repeatedly switch between the various iso-
thermal models used in their circuits depending on the tem-
perature. It would therefore be desirable to have one model
(and thereby, one parameter set) that can accurately replicate
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2

the behavior of the device over the entire temperature range.
These limitations of the prior art are overcome by the present
invention as described below.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to a new temperature
scaling methodology wherein one parameter set can be uti-
lized to accurately model the operation of the device across
the entire temperature range. The invention, in various
embodiments, is also capable of modeling other non-mono-
tonic effects such as reliability, radiation effects, etc. The
invention is further directed to a new parameter extraction
methodology for the temperature scaling model wherein DC
and CV parameters are extracted at multiple temperature
points.

In one of its aspects, the invention is directed to a method
for modeling the performance of a laterally diffused metal
oxide semiconductor (LDMOS) device comprising a package
and a plurality of connector pins, the method comprising the
steps of positioning the device in an environment chamber
operable to create a plurality of environment temperatures;
connecting the pins of the device to a measurement system
operable to measure at least one device characteristic; oper-
ating the environment chamber to set a first environment
temperature, and acquiring a first value of the device charac-
teristic from the measurement system; extracting a first tem-
perature parameter set based on the first value of the device
characteristic; operating the environment chamber to set a
second environment temperature, and acquiring a second
value of the device characteristic from the measurement sys-
tem; extracting a second temperature parameter set based on
the second value of the device characteristic; operating the
environment chamber to set a third environment temperature,
and acquiring a third value of the device characteristic from
the measurement system; extracting a third temperature
parameter set based on the third value of the device charac-
teristic; operating the environment chamber to set a fourth
environment temperature, and acquiring a fourth value of the
device characteristic from the measurement system; extract-
ing a fourth temperature parameter set based on the fourth
value of the device characteristic; and generating a tempera-
ture-scaling model for the device based on the first, second,
third and fourth temperature parameter sets. These and other
features, objects and advantages of the present invention will
become better understood from consideration of the follow-
ing detailed description and drawings of the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of an LDMOS device.

FIG. 2 is a graph of the output characteristics of the
LDMOS device at 300 K (V,, ranging from 0.7V t0 3.1V, in
steps 0of 0.2 V).

FIG. 3 is a graph of the LDMOS device from 300K to 93K
(at V 4=0.1V for all temperatures).

FIG. 4 is a graph of the output current in the saturation
region (at V =20 V) and the linear region (at V ,=1.5V) for
Vg, =3.1V.

FIG. 5 is a graph of the output current at a gate bias (V) of
3.1V and drain voltage (V ;) of 25V at various temperatures.

FIG. 6 is a graph measuring self-heating in an unrelated
device measured at room temperature.

FIG. 7 is a graph showing ionized carrier concentration
versus temperature in semiconductors.
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FIG. 8A is a graph of the output characteristics of the
device at 300° K and FIG. 8B is a graph of output character-
istics at 93° K after iso-thermal parameter extraction.

FIG. 9 is a graph comparing iso-thermally extracted BET
with BET calculated from the native MM20 model.

FIGS. 10A-D are graphs of the performance of the MOS20
model at 93° with the native T-scaling equations. FIG. 10A
shows input characteristics, FIG. 10B shows output charac-
teristics, FIG. 100 shows transconductance, and FIG. 10D
shows output conductance.

FIGS. 11A-D are graphs comparing iso-thermally
extracted parameters with the values calculated from the new
T-scaling equations. FIG. 11A is BET, FIG. 11B is RD, FIG.
11C is BETACC and FIG. 11D is THE3.

FIGS. 12A-F are graphs of the output (FIG. 12A-C) and
input characteristics (FIGS. 12D-F) of the LDMOS device
from 300° K to 93° K. For the output characteristics, V,
ranges from 0.7 to 3.1 V in steps of 0.4 V and the input
characteristics were measured at a constant drain voltage of
15V.

FIG. 13 is a graph of the sub-threshold characteristics
measured and simulated with back-bias ranging from 0 V to
-1VandV,_,=0.1V and 300° K.

FIG. 14 is a graph of C,, characteristics measured and
simulated at 93° K.

FIG. 15 is a graph of C,_, characteristics measured and
simulated at 93° K.

FIGS. 16A and B together comprise a flowchart outlining
the new parameter extraction strategy utilizing the novel tem-
perature scaling equations for LDMOS devices in the cryo-
genic regime.

FIGS. 17A-D are graphs of the performance of the
LDMOS model at -180° C. with the new temperature scaling
equations. FIG. 17A shows output characteristics, FIG. 17B
shows output conductance, FIG. 17C shows input character-
istics, and FIG. 17D shows transconductance.

DETAILED DESCRIPTION OF THE INVENTION

Traditionally, high voltage operation has been realized in
low voltage processes using circuit techniques. But these
techniques increase both the complexity of the circuit and the
power requirements. High voltage laterally diffused metal
oxide semiconductor field effect transistor (LDMOS) devices
make it possible to integrate low voltage circuits with high
voltage parts instead of using discrete devices. The cross-
section of the LDMOS device used in this research effort is
shown in FIG. 1. The p-well bulk is diffused from the source
side under the gate forming a graded-channel region. The
device has a gate length of 2 um and a width of 40.45 pm. To
withstand the high voltages between the source and drain, the
lightly doped drift region is long (4.35 um) and it comprises
two different sections—(i) the thin gate-oxide drift region and
(i1) the thick-field-oxide drift region. The LDMOS device was
implemented in IBM’s SAM SiGe BiCMOS technology [2]
using custom layout techniques. Since the SAM process is
essentially for low voltage devices, the gate voltage of the
LDMOS device is capped at a maximum of 3.3 V while the
drain voltage could be 20V or higher, depending on the length
and doping of the drift region. As this is a non-standard
device, IBM does not provide models for it in the process
design kit (PDK).

When the gate bias exceeds the threshold voltage of the
device, an inversion channel is created, and the carriers (elec-
trons in this case) flow towards the lightly doped drift region.
The gate extends over the drift region as seen in FIG. 1. When
a positive bias is applied on the gate, electrons in the n-type

10

15

20

25

30

35

40

45

50

55

60

65

4

drift region under the thin gate oxide get attracted to the
surface and form an accumulation layer there. This provides
continuity for the flow of electrons that originate in the inver-
sion channel. Beyond a certain point in the thin gate-oxide
drift region, depletion occurs and the accumulation layer
vanishes. As a result, the electrons are gradually spread into
the bulk region of the drift area. The electrons are spread over
the entire drift region near the drain. The gate bias does not
have much effect in controlling these electrons flowing in the
bulk as the field oxide is very thick compared to the thin oxide
region [3, 4]. One of the most distinguishing features of
LDMOS devices is the presence of the quasi-saturation effect
in the output characteristics. Quasi-saturation is manifested
as the invariance of the drain current with increasing gate
voltages as seen in FIG. 2. This is attributed to velocity
saturation [5, 6] happening in the lightly doped drift layer of
the device. The input characteristics of the device across the

entire temperature range are shown in FIG. 3.

The packaged device was placed in an environment cham-
ber that was fed with liquid nitrogen at 230 psi. This enabled
the inventors to characterize the device from 300° K down to
93° K. For measuring the DC and CV characteristics, a Kei-
thley 4200 [7] Semiconductor Characterization System was
utilized. This guarantees high-resolution data that can be used
for device studies and modeling. The device pins were con-
nected to the external measurement system using BNC con-
nectors.

All the necessary measurements such as input characteris-
tics at high and low drain voltages, output characteristics and
capacitance measurements were performed from 300° K to
93° K in 20° K intervals [8]. The capacitance values (mea-
sured at 1 MHz) were seen to vary negligibly with tempera-
ture. The parasitic capacitances due to the package were
characterized using calibration test-structures included in the
chip. They were then de-embedded from the C-V measure-
ments of the device.

The input characteristics of the device were along expected
lines—i.e., the threshold voltage kept increasing as the tem-
perature decreased. Also, as the temperature decreased, the
drain current (in the output characteristics) increased as is
expected in a MOS device. But when the temperature was
reduced below 133° K, the output current started decreasing,
as shown in FIGS. 4-5. Such non-monotonic behavior is
extremely rare in MOSFETs and even more so at the rela-
tively higher temperatures shown here at which the current
starts falling. The device was packaged in the well character-
ized 40 pin ceramic dual in-line package from Kyocera [18].
The resistance associated with the package (wires, leads etc.)
was de-embedded from the measurements. The parasitic
package resistance (with known coefficients of temperature)
varies linearly within the temperature range of interest and
does not contribute to the current roll-off.

One plausible explanation for the above observations,
especially for a high-voltage device is self-heating. But self-
heating was conclusively ruled out as a cause due to the
following reasons:

(1) Self-heating is manifested only in the saturation region of
the output characteristics [9] when the higher current
causes the device to heat up (due to local hot-spots, device
design etc). In this case we see that the decrease in current
is seen both in the linear and saturation regions (FIG. 4).

(i1) Devices that self-heat have the characteristic drooping
curves [9] in the saturation region as seen in an unrelated
device in FIG. 6 (second curve from the top). But, in the
JPL-built LDMOS device, it is clear that the output char-
acteristics do not droop (FIG. 2).



US 8,608,376 B2

5

(iii) The device was initially measured using normal DC
sweeps. The same measurements were then repeated using
pulses (pulse width=0.1 ps, interval between pulses=40 ps)
instead of DC sources, which would eliminate any self-
heating, if present. The current values measured through
both techniques were the same, indicating the absence of
self-heating. In FIG. 6, the top-most curve shows the data
when the measurement was pulsed, thereby isolating the
self-heating phenomenon. No such issue was encountered
in the JPL LDMOS.

It is postulated that impurity carrier freeze-out is the phe-
nomenon that is causing the current to decrease at cryogenic
temperatures [8]. lonization energy is an important parameter
in the operation of semiconductor devices. Dopants usually
require some energy (usually thermal) to ionize and produce
carriers in the semiconductor. If the temperature is too low,
dopants will not be sufficiently ionized and there will be
insufficient carriers, leading to freeze-out. Si MOSFETs can
operate to the lowest temperatures because the carriers
needed for conduction in the channel can be ionized by an
electric field from the gate, known as field assisted impurity
ionization [10, 11]. Si MOSFETs and CMOS circuits are
often used at deep cryogenic temperatures, below the freeze-
out of Si (<40° K) [12].

But in LDMOS devices, the gate’s electric field is shielded
from the drift region, which is doped low (to increase break-
down voltage) to begin with. This creates lower ionization of
carriers in the drift region as the temperature is decreased and
we can therefore see the current considerably decreasing after
a transition temperature. In FIG. 7, it is shown that lightly
doped regions experience freeze-out even at relatively higher
temperatures compared to highly or moderately doped
regions. Therefore, the freeze-out begins in the drift layer of
the device and consequently the output current keeps falling.
There is a risk of these devices completely freezing-out in
temperatures that normal MOSFETs continue to work. This
fact has to be borne by circuit designers who use both LV and
HYV devices in their design. While the LV devices would
continue to function as expected in low cryo temperatures, the
HV devices would start to freeze-out and this has to be
reflected in the models for an accurate, reliable design. The
transition temperature can possibly be lowered by appropri-
ate device design changes. The freeze-out effects are also
manifested in the input characteristics as the apparent
decrease in the current in strong inversion when the tempera-
ture decreases to low values (FIG. 3).

Standard compact models do not have temperature scaling
equations that can replicate this freeze-out effect. Therefore,
there are no reliable means to predict the non-monotonic
behavior of the output current in LDMOS devices.

MOS Model 20[13] is a surface potential based model for
asymmetric lateral MOS devices that can replicate the effects
due to the drift region without the necessity for a series
external resistor in a sub-circuit configuration. MOS Model
20 may be implemented as software that is compiled from
source code and run on a traditional desktop general-purpose
computer. MM20 was chosen for this research project
because ithas been shown to successfully model HV LDMOS
devices to a great level of accuracy [3]. The equations and the
source code were fairly mature and the model was available
(in Verilog-A) for modifications at the time this project began.
Moreover, the temperature scaling equations are neatly
decoupled from the core DC and CV model—which makes
understanding and modifying the model easier.

To gauge the capability of the temperature scaling in the
MM20 model, iso-thermal parameter extractions were per-
formed for the LDMOS device from 300 K to 93 K in steps of
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20 K. Self-heating was turned off in the model during this
process. Some representative fits obtained from the iso-ther-
mal extractions can be seen in FIGS. 8A-B. The dots are the
measured data and the lines are the model. The gate voltage
ranges from 0.7 V 10 3.1 V in steps of 0.4 V.

The parameter extraction was performed on the input (I ;-
V,,) and output characteristics (I,-V ) along with the output
conductance (g,) for each temperature data point. The
capacitance parameters were extracted before the DC extrac-
tion was performed. The simulation results have an excellent
agreement with the data, including in the quasi-saturation
region—which is a very challenging area to model in
LDMOS devices.

One important point to be noted here is that the MM20
measurement procedure (and hence the parameter extraction
guide) provided by NXP Semiconductors is not directly
applicable to this device because of its unique specifications.
For example, as per the MOS Model 20 manual [13], the
IDVD measurement entails stepping the gate voltage from
V40.1V 1oV +3.1 V. Forthis device, it would not be feasible
to step the gate voltage up to ~4 V when the maximum
allowed gate voltage is only 3.3 V. Moreover, certain model
parameters such as MEXP, MEXPD, CGSO, and CGDO
were not included in the extraction procedure. Therefore,
changes needed to be made to the parameter extraction guide
to accommodate these requirements. At the end of the iso-
thermal extractions, all the extracted temperature dependent
parameters were plotted. Some of them include BET (gain
factor of the channel region at the reference temperature,
T,.», BETACC (gain factor for the accumulation layer in the
drift region), RD (on-resistance of the drift region), THE3
(mobility reduction coefficient in the channel region due to
the horizontal electric field caused by velocity saturation),
and PHIB (surface potential at the onset of strong inversion in
the channel region). These plots were then superimposed with
the same parameters calculated by the temperature scaling
equations (FIG. 9). For instance, in the native MM20 model,
the temperature scaling of the parameter BET is given as a
simple exponential [13];

Brp, IF AT W

where f, is the BET extracted at T, ; ng (ETABET) is the
temperature scaling exponent (a parameter) and Tr is the
normalized temperature. It can be clearly seen in FIG. 9 that
the native model would grossly over-estimate the value of
BET in lower cryogenic temperatures as it does not account
for carrier freeze-out. Similarly, over-(or under) estimation of
the values are also observed with the other temperature
dependent parameters. In low cryo temperatures, since most
of the processed parameter values are incorrect, the output
current is also erroneous as seen in FIGS. 10A-D.

The above shortcomings clearly demonstrate the need for
improved temperature scaling equations that would render
the model useful for circuit design in deep cryogenic tem-
peratures.

“Physical” models (even though they have some arbitrary
fitting coefficients) for impurity freeze-out are finite-element
based and require at least a one dimensional device simulator
to predict the results [15-16]. This is not a practical solution
for compact modeling where speed and convergence are
extremely important factors. Moreover, such numerical mod-
els require intimate knowledge of the process and materials
used in the construction of the device—information that is
difficult to obtain from the manufacturers. Therefore, tem-
perature scaling in compact models is generally semi-empiri-
cal.
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In the MM20 model, the temperature dependence equa-
tions are decoupled from the core model. In other words,
temperature parameters and equations process those param-
eters that are used in the DC and AC model. For example, the
simplified expression for the channel region current is [13]:

LB Vet F oy (1403 Vp )+ Gy k™ Vi ()]

Frnop=1401 Vi 02 Via/ko 3

In the above equations, G,,,, is a constant, parameter k,
(KO) is the body factor of the channel region, parameters 0,
(THE1) and 6, (THE2) are mobility reduction coefficients
due to the vertical electrical field, while 85 (THE3) is the
mobility reduction coefficient due to the horizontal field.
Vists Vin and 'V, - are internally calculated voltages. It can
be seen that temperature dependence is not directly imple-
mented in the above equations. Only the parameters that are
used in the core equations are made to track with temperature.
Therefore, the model can be suitably enhanced for extreme
environment operation by modifying the temperature scaling
equations of the parameters that track with temperature.

The native MM20 model has either linear or simple expo-
nential functions to describe the trend of the variation of the
temperature dependent parameters; which works down to
about 170K for this device, but fails below that. Freeze-outin
compact modeling terms can be visualized as the decrease in
mobility (at inversion in channel and accumulation in drift
region) and the consequent increase in the drift resistance
beyond the transition temperature. Various mathematical
functions were evaluated to describe this non-monotonic
behavior. A modified form of the equation that defines the
probability density function (pdf) of the Gumbel distribution
[14] was finally chosen as it can replicate the behavior accu-
rately without any requirement for piecewise relations or
weighting functions. This will simplify both parameter
extraction and model convergence. Since a parameter’s value
can be greater than one, the normalization of the pdf is
replaced by a user defined parameter as shown in equation
(4)—for BET, where BETTMP is §,,, and EBETTMP is

e—BETTMP.

Br=EBETTMP-¢ EBETTME /1 )

I?)tmp:(TA_TT)/I?)i'I?)EXP &)

In the above equations, T, is the ambient temperature and
T, is the freeze-out transition temperature. The ETABET
parameter in the native model has been replaced by two new
parameters—BETEXP (Bzyp) and BETMULT (8,077
BETEXP is defined as the scaling coefficient for BET and
BETMULT is the temperature exponent of BET. With the new
equation, BET varies with temperature as shown in FIGS.
11A-D. The incorporation of parameters such as the transi-
tion temperature and the consequent non-monotonic behavior
of the parameter provides a more physical meaning to the
temperature scaling equations than what was present in the
native model. Equation (1) in the native model was then
replaced with the newly developed equations (4) and (5) and
their associated parameters.

In a similar way, the temperature scaling of the drift region
resistance is also illustrated below. In the native model, the
drift region resistance is scaled as:
TARD

RDT=RD'T; (6

where DT is D, RDT is R, RD is Rj,, and ETARD is

Nrp-
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This equation was then modified as:

RDT=ERDTMP-¢ ERPTMF )RDMULT+RDMULT @)

RDTMP=(T ,~T)/RD-RDEXP

where RD is R,,, DTMP is D
ERDTMP is e RPMF

The ETARD (nzp) parameter in the native model is
replaced by RDEXP (the first-order scaling coefficient of RD)
and RDMULT (the temperature exponent of RD). The results
of RD scaling and of some other representative parameters
are also shown in FIGS. 11A-D. Note that the newly devel-
oped equations are ableto replicate the temperature scaling of
the parameters very accurately. The performance of the native
temperature scaling equations are also overlaid on the figures
for comparison.

Other parameters such as PHIB had a linear variation over
the temperature range and the built-in equations were there-
fore sufficient for lower cryo operation. The temperature scal-
ing equations of the native MM 20 Verilog-A model were then
replaced with the newly developed equations using the Mod-
Lyng tool [17]. The new model has 12 new parameters for
temperature dependencies. This modified model was then
compiled for Spectre and simulated, using a standard desktop
computer, the results of which can be seen in FIGS. 12A-F.

The model with the newly developed equations is
extremely accurate (error <1-2%) over the entire temperature
range. As shown in FIG. 13, it also performs exceptionally
well in the sub-threshold region (including back-bias) and in
the C-V regimes (FIGS. 14 and 15). There were no changes in
the model simulation times or convergence properties. This
model can be used to extend the temperature scaling behavior
until the device fails (in both high and low temperature con-
ditions).

As previously mentioned, the parameter extraction guide
of the MM20 model is not directly applicable to this device
due to its unique specifications. For this particular device,
sinceV ... isonly 3.3V, there s significant overlap between
the IDVD and IDVDH measurements. Therefore, only one of
these measurements was performed (with several V_ steps
from the threshold voltage, V., to V, ,,,.) from which all the
parameters related to the output characteristics were
extracted. The smoothing factor, MEXP should also be
extracted along with the channel length modulation param-
eters (ALP, VP). A new step was then added to extract the gain
parameter in accumulation (BETACC) along with the drift
region resistance (RD) and the smoothing factor for the linear
to quasi-saturation regime (MEXPD) from the same mea-
surement. The transition temperature when the output current
starts rolling off has now been added as a parameter for
modeling LDMOS devices that experience freeze-out and it
has to be measured accurately from the output characteristics.

Once a complete set of parameters is extracted at room
temperature, the relevant temperature scaling parameters can
now be introduced in the same extraction procedures at dif-
ferent temperatures. Since the LDMOS temperature behavior
is non-monotonic, greater accuracy can be achieved by using
4 or more temperature points (i.e. at room temperature, at the
upper bound temperature, at the transition temperature and
finally one more data point below the transition temperature
where the current rolls-off). For example, RDEXP and
RDMULT should be extracted from the step in which RD was
extracted, by keeping RD constant at different temperatures
simultaneously. In other words, only by optimizing the tem-
perature scaling factors, can the device be modeled at other
temperatures too. Greater weight may be provided to the
extraction at lower temperatures for enhanced accuracy, if the

®
RDTMP is R, ,p, and

tmp?



US 8,608,376 B2

9

circuits designed with the model are to be primarily used in
deep cryogenic conditions. A global fine-tune may also be
performed towards the end of the extraction to the tempera-
ture scaling parameters for better optimization.

An alternate method would be to extract the DC and AC
parameters iso-thermally (as described previously) at four
different temperatures—room temperature, upper bound,
lower bound and transition temperature. The base parameters
are then fitted to the new scaling equation using an external
program such as MATL.AB to extract the temperature scaling
parameters. This method is less automated, but it entails lower
optimization time and can therefore be used for quick turn-
arounds.

The parameter extraction methodology can be visualized
in the form of the flowchart shown in FIG. 16 A-B. The model
with the new temperature scaling equations is able to accu-
rately model the operation of the device over the entire tem-
perature range with a single parameter set. The performance
at —180° C. is shown in FIG. 17A-D, which when compared
to FIGS. 10A-D prove the effectiveness of the newly devel-
oped equations and the parameter extraction strategy.

There are many advantages of using these newly developed
equations and the associated extraction methodology: (a)
temperature modeling becomes much easier and intuitive, (b)
the circuit designer need not switch between different model
files depending on the temperature, (¢) makes its possible to
design circuits such as bandgap references for extremely low
temperatures as a continuous description of model perfor-
mance is available through this method vis-a-vis the binned
model technique.

These equations can be implemented for temperature scal-
ing in any compact model and are not restricted to the MOS
Model 20. The equations may also be used to model any
behavior that is non-monotonic. In other words, the applica-
tions of the equation are not restricted to temperature model-
ing—but can also be used for modeling radiation effects,
reliability, ageing of semiconductor devices, among others.

The present invention has been described with certain pre-
ferred and alternative embodiments that are intended to be
exemplary only and not limiting to the full scope of the
invention.

The following are incorporated herein by reference:
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We claim:

1. A method for modeling the performance of a laterally
diffused metal oxide semiconductor (LDMOS) device com-
prising a package and a plurality of connector pins, the
method comprising the steps of:

a. positioning the device in an environment chamber oper-

able to create a plurality of environment temperatures;

b. connecting at least one of the pins of the device to a
measurement system operable to measure at least one
device characteristic;

c. operating the environment chamber to set a first environ-
ment temperature, and acquiring a first value of the
device characteristic from the measurement system;

d. extracting a first temperature parameter set based on the
first value of the device characteristic;

e. operating the environment chamber to set a second envi-
ronment temperature, and acquiring a second value of
the device characteristic from the measurement system;

f. extracting a second temperature parameter set based on
the second value of the device characteristic, wherein
each of the first and second temperature parameter sets
comprise a temperature-dependent gain factor ofa chan-
nel region of the device; and

g. generating a temperature-scaling model for the device
based on the first and second temperature parameter sets.

2. The method of claim 1, wherein the device exhibits
non-monotomic behavior over a temperature range.

3. The method of claim 1, wherein the second environment
temperature is below a transition temperature of the device.

4. The method of claim 3, wherein the device characteristic
is temperature dependent.
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5. The method of claim 1, wherein each of the first and
second temperature parameter sets comprise a temperature-
dependent power-on resistance of a drift region of the device.

6. The method of claim 5, wherein the temperature-depen-
dent power-on resistance of a drift region of the device com-
prises a scaling coefficient and a temperature component.

7. The method of claim 1, wherein the temperature-depen-
dent gain factor comprises a scaling coefficient and a tem-
perature component.

8. The method of claim 3, wherein the second temperature
is less than about 218° K.

9. The method of claim 3, wherein the first temperature is
about room temperature.

10. The method of claim 9, further comprising the steps of:

a. operating the environment chamber to set a third envi-
ronment temperature, and acquiring a third value of the
device characteristic from the measurement system;

b. extracting a third temperature parameter set based on the
third value of the device characteristic;

c. operating the environment chamber to set a fourth envi-
ronment temperature, and acquiring a fourth value of the
device characteristic from the measurement system; and

d. extracting a fourth temperature parameter set based on
the fourth value of the device characteristic.
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11. The method of claim 10, wherein the third temperature
is an upper bound temperature.

12. The method of claim 11, wherein the fourth tempera-
ture is about equal to the transition temperature.

13. The method of claim 1, wherein the model comprises a
modified probability density function of a Gumbel distribu-
tion in order to plot variance in the parameter sets.

14. The method of claim 13, further comprising the step of
producing from the model an estimate of the device param-
eters over a temperature range from a low-end temperature at
least as low as the second temperature to a high-end tempera-
ture at least as high as the fourth temperature.

15. The method of claim 14, wherein the low-end tempera-
ture is at least as low as about 93° K.

16. The method of claim 15, wherein the high-end tem-
perature is at least as high as about 300° K.

17. The method of claim 16, wherein the model is accurate
to within about 2% over the temperature range.

18. The method of claim 10, further comprising the step of
determining the threshold temperature using the measure-
ment system.
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