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Direct Extraction of Nonlinear FE©Q)-V Functions
from Time Domalin Large Signal Measurements

M. C. Curras-Francos, P. J. Tasker, M. Ferndndez-Barciela, Y. Campos-Roca, and E. Sanchez

Abstract—This letter presents a simple and accurate procedure IRFV OV Q d(V§(t),V RG)
for the direct extraction of the quasi-static FET model nonlinear o_¢= I4®
charge functions from large signal measurements. The method is + +

based on the proper use of a vector nonlinear network analyzer

(VNNA) with load-pull facilities. To our knowledge, these results vV j @ y - @1 V,0
show for the first time a direct procedure to extract the nonlinear & . .

charges of a FET using a very reduced number of large signal mea-

surements. - -

RF
Index Terms—Microwave measurements, modeling, MODFETS, Qg(Vg(t),V &0 Id(Vgs(t),V &
time domain measurements.

Fig. 1. Intrinsic quasi-static nonlinear HEMT model.
I. INTRODUCTION

HERE is a increasing need of nonlinear transistor models

operating at microwaves. Nonlinear models can be ex-
tracted using either small sign&l parameters or large signal
measurements. The second approach has been stimulated by the
appearance of vector nonlinear network analyzers (VNNAS).
The main advantages of this approach are that the extractions
are performed under the real operating conditions of the device,
and that the number of measurements required for the extrac-
tions are dramatically reduced.

Different techniques developed to date, using large signal
measurements, have focused on the extraction of nonlinear
models in terms of nonlinear conduction current generators
and capacitances [1]-[3]. Another possibility is to extract the
displacement current generators directly in terms of charges.A@ 2. Extracted), from small (dots) and large signal (lines) data. Each trace
our knowledge, this was not done before. The method proposefgr a constant gate voltage.
here allows the direct extraction of both current and charge
generators at all the dynamic voltage values present in a single
time domain large signal measurement.

In Section Il we present the theoretical approach. Section 11| 15
shows the extraction results obtained from measurements using

2.0 1

a VNNA with a HEMT device. Finally, the main conclusions of E
this work are summarized in Section IV. o 10
B
Il. THEORETICAL ANALYSIS g 0.5

The classical theory [4], [5] applied to obtain the nonlinear
functions of a FET is based on an indirect integration process of 0.0
the small signal-parameters. A more realistic approach should
extract these functions directly under nonlinear conditions. In
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Fig. 4. VNNA measurement system set-up used based on the Microwave Transition Analyzer.

combination of a current source and a charge source at both the 57
input (gate-source) and the output (drain-source) of a device in
common source configuration is applied ($ég 1). Equation
(1) defines mathematically the problem to solve at each port
dQi(V,s(t), Vas(t
L(0) = I (Va8 Vi) + 2900 Vo 0)
withi = g, d. Q)

Ve ® [V]

In (1), I2*f symbolizes the conduction current term, and the
derivative of the charge functio®; represents the displace-
ment term. In the same equatiah(¢) is the intrinsic current
waveform in the gateg) or drain ¢) terminals, and/,,(t) and
Vas(t) are the intrinsic gate-source and drain-source voltage
waveforms, respectively. The displacement currentljncan
also be defined as a function of a new capacitaficéerm as Frig. 5. Large signal measurements fulfilling the nonlooping condition.
in [6]-[8], C; = 6Qi/6Vys + (6Qi/6Vas)(6Vas/6Vys), in the
following form:

06 04 02 0.0 02
Vgs (1) [V]

do depend on the load impedance used in the extractions [7].

disp dV,.(t) Once theI*¥" and C; nonlinear functions are calculated, it is
L7 (Vas (1), Vas (1)) = Ci(Vas (1), Vas(t))— 17— (@) possible also to calculate titg; nonlinear state functions just
by using(3).

Combining(1) and(2), the terminal charge can be obtained” i this extraction approach ordpelarge signal measure-
from an integration process & shows ment is necessary to directly obtain all four state functiffs,
dVgs(t) I'F Q,, andQ, (defined at all the points on the gate/drain con-
Qi(Vgs(1), Vas(t)) = /Ci(vgs(t)v Vas(t) ——=dt + K. your given by the measured voltage waveforms) of a quasi-static
(3) nonlinear model for a HEMT. This is not the case in all pre-
The I*¥ and C; nonlinear functions can be directly calcuvious extraction techniques presented, where additional mea-
lated, as shown by the authors in [6], [7], if the intrinsic draisurements are required for the extraction of all functions. More-
voltage Vy,(¢) versus gate voltag®,.(t) characteristic has over, this procedure allows the extraction of all four state func-
no looping. This condition for the voltage waveforms can biéons in real time and without any complex post-processing of
achieved by varying the output load impedance presented to the data.
device under test using a variable phase shifter and a variabl@ proper control of the bias points used, in a similar way
attenuator in a VNNA measurement system. Thefunctions as that utilized in [2], and of the amplitude of the waveforms
cannot be considered as state functions for the model since thapugh the input power applied to the device, enables the
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for the whole extracted rang€ ((f,) = 0.387/174.4°). Also

a simple passive load-pull system was used to demonstrate the
technique. Thatis why some residual looping can be appreciated
in the measurements. Further accuracy could be realized using
the exact complex load at each single measurement, and also
a harmonic active load-pull system to completely remove any
looping. In this case, as can be seen in the figure, only 24 large
signal measurements have been used for the extractions. The
bias points in these 24 measurements were selected in order to
get symmetrical clipping in the output current waveforms; this
corresponds to class A bias points. For the specific device used,
the bias has been performed at a gate bias = —0.25V as a
constant value and sweeping the drain bias vol#gge for the

24 different measurements. The corresponding charge extrac-
tions are shown irFig. 6. With the I/*¥" and Q; state functions

measurements shown in Fig. 5. Each trace corresponds to a single measurer@¥itacted from these large signal measurements, a table-based

model has been successfully generated and validated in an iden-

extraction of the nonlinear functions up to the breakdowiical manner to that formulated faf-parameters [5].

pinch-off, knee, and forward regions in the device. To demon-
strate the potential of this technique in the absence of noise
inherent to measurements, an analytical model has been utilized

IV. CONCLUSION

as data generator of an ideal device. Using this ideal device, thé\ hovel simple and accurate mathematical technique for the
charges extracted based on the approach presented here "@@dime extraction of the intrinsi@—V” functions of a nonlinear

the charges extracted based on the commonly used integratitfeMT model from time domain large signal measurements has
of small signaly-parameters [5] have been determined arfeeen demonstrated and validated. Experimentally, this approach
compared. As can be seerFiigs. 2and3 a very good agreement SIMply relies on a properly configured VNNA measurement
is obtained, confirming the validity of the proposed techniqueSystem connected to a variable load termination.

One of the main advantages of this new approach is the big
reduction in number of needed measurements to perform the ex-
tractions. In fact, for the extractions based on small sigraed- [
rameters, a grid 051 x 51 DC bias points have been selected
in order to obtain thes parameters at each bias point. The ex-
tractions based on large signal data only needed 51 different bia
points to cover the same range as in the former approach. There-
fore, the reduction in number of measurements?io n.

The key point of this analysis is that it demonstrates a dif-
ferent and efficient way to extract the nonlinear functions of a
HEMT using time domain large signal measurements.

]
(3]

I1l. EXTRACTION FROM MEASUREMENTS a

Following the previous analysis, once the procedure has bee|[15]
validated using an ideal device, a VNNA measurement system
with load-pull facilities (asig. 4shows) has been used to extract [©]
the nonlinear functions from measurements on a real device.
Fig. 5 shows the measured RF voltage transfer characteristic
fulfilling the necessary nonlooping condition for a 0.25, [7]
4 x 60 pm GaAs Gec—Marconi HEMT after setting in the
VNNA the proper load impedance that presented to the output of
the device removes the looping in thg, (¢) — V() plane. The ~ [é]
fundamental frequency used in the extractions yyas 8 GHz.
The complex load used to eliminate the looping was the same
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