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New Measurement-Based Technique for
RF LDMOS Nonlinear Modeling

J. M. Collantes, J. J. Raoux, R. QueKkgember, IEEE,and A. Siarez,Member, IEEE

Abstract—n this letter a new look-up table model is developed 1.6
for the nonlinear modeling of radio frequency (RF) LDMOS R
transistors. The modeling technique is based on the use of approx- e
imation splines that are coupled to a pulsed—V characterization 12F e
setup. It provides a very fast modeling procedure, while avoiding o
the appearance of undesired ripples in the modeled functions. i
The technique has been applied to a RF LDMOS technology for
L-band applications, obtaining excellent results in the prediction
of both the small- and large-signal transistor responses. This
technique is specially suitable for fast-evolution technologies. 0.4

Index Terms—Cubic B-splines, LDMOS transistors, look-up A St o
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. . Fig. 1. Drain—current characteristics of the LDMOS LV1 transistor. Dots:
HE technology for microwave and radio-frequency (RRjulsed/-v measurements. Solid lines: new look-up table model.
active devices is evolving rapidly in order to meet the
needs of today’s radio-mobile applications. Nonlinear models

become obsolet(_a fast and must be .cqntinuously readap&ﬁhts in the strongly nonlinear regions. For that purpose,
to the technological changes. Thus, it is necessary to haygscific algorithms have been developed in order to get the
model extraction techniques that are simple and fast whigtimal measurement distribution that ensures accuracy while
maintaining accuracy. RF LDMOS transistors play a maj%(voiding unwanted ripples.

role in L-band power amplification [1]. When applied to RF |5 aqdition, it is important to notice that look-up table
power LDMOS, traditional semiempirical MOSFET modelgnodels can only provide reliable simulations results within the
require the use of additional parameters, which excessivebions that have been characterized. In power applications,
complicates the model extraction [2]. On the other hanghe device may explore regions that are outside the safe
look-up table models seem a suitable choice for rapidpperation area (SOA) during its normal operation. Therefore,
evolving technologies, since there is no need for any parameieet of measurement data suitable for look-up table modeling
extraction process. Classical look-up table models, howevgy, power LDMOS must include the high-power dissipation
commonly make use of cubic splines as interpolation t0Qkgion and the breakdown region. Hence, the use of a pulsed
which can give rise to unwanted ripples in the modelefly characterization that allows the safe characterization of
functions [3]. Therefore, the model derivatives are not cofpese regions is proposed here.

rectly represented, leading to a wrong prediction of the deviceTphe technique has been applied to a LDMOS technology
small-signal responses. The interpolation of the measureMgi power amplification inZ band. An accurate prediction of
noise inherent in any characterization system aggravates {jig small signal response have been obtained. The accuracy of

undesirable effect. This can be particularly inconvenient for thge |arge-signal simulations has been successfully verified by
design of ultralinear amplifiers where very low power levelgeans of load—pull measurements.
are involved. An attractive method to cope with this problem
was recently presented in [4]. Here, a different approach
is proposed. It is based on the use of cubic B-splines [5]
that are not forced to pass through the measurement points. _ _
These “approximation” splines are coupled to a nonuniform Let y(z) be the function to be modeled from a series of
distribution of the measurement data that concentrates fReasurement data poinig(z;). An auxiliary interpolation
. . parameten: is used corresponding to the order of the data in
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I. INTRODUCTION

II. Look-Up TABLE MODEL
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Fig. 2. S-parameters of the LDMOS LV1 transistor fof;; = 6 V, Vg« = 1.8 V. Dots: measurements. Solid line: obtained from a harmonic-balance
simulation of the nonlinear model.

as on the measurement data distribution and, because of the

L — 5 1 L local nature of the representation, this can be controlled

Bo(u) = — glu—w)” +5(u— “i) s(u—ui)+3 locally by adding new measurement points. Therefore, a

Bi(u) =5(u—u;)* — (uw—u;)? + 3 specific recursive algorithm has been developed to drive the
By(u) = — (u~— w;)® + Lu— ui)2 + i —w)+ 1 measurement data acquisitio_n qf the pulded setup. _Each

Ba(u) = + L(u—u;)? (1) time a new measurement point is added, an estimation of the

ts ¢ accuracy in all the model regions is carried out. Quasi-linear

and they(u) andz(v) functions are approximated by regions only need a few points to be represented accurately. On
the contrary, strongly nonlinear regions must be represented

by a higher number of points in order to achieve the desired

W= B @) =) wipBiu). (@) a)écuragy. The final resﬁlt is a measurement distribution that

concentrates the points in the nonlinear regions while keeping

Equation (2) can be generalized for a two-dimensional set @fsmall number of points in the quasi-linear regions. This
measurement points; ;(u;, v;). In this case, for; < « < significantly lowers the risk of undesirable ripples in the

ui+1 andv; < v < w41, thez function is approximated by modeled functions.
3 3 The measurement data set provided by the pulsétsetup
_ Z Z Zitne, 41 Bu(w) Bi(v). 3) dlrec_tly feeds_ the look-up table model of the qlram current. To
obtain a nonlinear model for a different transistor only a new

characterization is needed and the nonlinear model for the
In our representation, three functions are approximated agj@in current follows straightforward.

function of two auxiliary parameters and v, corresponding
to the order of the data points i, and V., respectively: lll. RESULTS

Vie = Vig(u) Vg = Vie(v)  Tus = Ius(u, v).  (4) The proposed technique has been applied to a medium
power LDMOS transistor (LDMOS LV1 technology) cur-

The three functions in (4) are combined in order to obtamently used in RF power applications. The model has been
the drain current modelys = f4s(Vus, Vis). The use of the implemented in a harmonic balance commercial simulator.
auxiliary parametersu, v) allows a nonuniform distribution A classical field effect topology was chosen with the drain
of the measurement points ¥y, and Vs, which is essential current I4(Vas, Vgs) being the only nonlinear element [6].
for controlling model accuracy. The resulting model has a Cthe rest of elements of the topology have been extracted
continuity which avoids convergence problems in harmonfoom S-parameter measurements as proposed in [6]. Fig. 1
balance software. The main feature of this tool is that theperimposes the resulting look-up table model for the drain
splines do not pass through the measurement points butrent source to the pulsedlV measurement results. Note
only approximate them, avoiding the interpolation of noisthe excellent accuracy of the approximation and how the
measurement data. The accuracy of the approximation depemdsasurement points accumulate in the nonlinear zones.
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IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 8, NO. 10, OCTOBER 1998

35 100
g
T30 | Zoad=(141436)Q | 180 2
m
S >
~ o
9 25 160 o
_"8 [sK
m
f 20 140 =
g g
€]
£ 15 120 28
S

1() 1 1 1
0 4 8 12 16 20

Input Power (dBm)

347

formed and successfully compared with simulation results. As
an example, Fig. 3 shows the added power PA and the power-
added efficiency PAE as a function of the input pouvrgt for

a AB class at 1 GHz. Note that excellent accuracy is found
for the whole P, range. This includes the very low,, level
where traditional look-up table models fail to predict correctly
the device response. Additional comparisons were performed
for different operation classes, frequencies, and load condi-
tions, obtaining similar results. Furthermore, a technological
variant of the previous LDMOS was also analyzed (LDMOS
LV15 technology). The corresponding drain current nonlinear
model was directly obtained from a new characterization in

_ _ less than 30 min. Again, an excellent agreement was found
Fig. 3. LDMOS LV1 transistor. Added power PA and power-added effhatyeen nonlinear simulations and load—pull results (Fig. 4).

ciency PAE at 1 GHz. AB class bias conditiongi{o =6 V, 4.0 =80 mA).
Dots: load—pull measurements. Solid line: harmonic balance simulation.
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Fig. 4. LDMOS LV15 transistor. Added power PA and power-added effi-
ciency PAE at 1 GHz. AB class bias conditiongi{g =6 V, I4s0 =80 mA).

IV. CONCLUSION

In this paper a new measurement-based technique is pre-
sented for the nonlinear modeling of RF LDMOS devices.
It is based on the use of approximation splines that avoid

interpolation of noisy measurement data. The model is

coupled to a pulsed-V measurement setup that allows the
characterization outside the SOA regions. This measurement
system provides an efficient data distribution that ensures
model accuracy while minimizing the presence of ripples in
the modeled functions. The new technique takes advantage of
the fast modeling procedure typical of look-up table models
while ensuring an accurate prediction of both the small- and
large-signal responses of the device. The model has been
validated for a LDMOS technology currently used in radio
mobile applications. Due to its straightforward and simple

Dots: load—pull measurements. Solid line: harmonic balance simulation. nature, the proposed technique seems specifically suitable for
technologies that evolve rapidly.

In order to verify that the model is suitable for the simulation
of the device responses when very low power levels are
involved, several comparisons between the measured atfﬁl
simulatedS-parameters were carried out covering the whole
(Vas, Vgs) range. The measurements of theparameters were 2l
performed under pulsed bias conditions. The simulated
parameters were obtained from a harmonic balance analysis,
i.e., making use of the nonlinear look-up table model. Thé®!
results obtained for a particular bias point are shown in Fig. 2.
Similar results were obtained for different bias points. The
good agreement confirms that model derivatives are realistl!
and accurate allowing a correct prediction of the small-signal
behavior of the LDMOS. [5]

Next, the accuracy in the large signal simulation waés]
analyzed. To do so, active load—pull measurements were per-
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