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Abstract—This paper discusses, in a mathematical form and also their respective derivatives at least up to the same order.
supported by a complete special experimental characterization, As a mild nonlinear device, either successive numeric differ-
the gate-to-source nonlinear capacitor contribution on small- entiations or least-squares fittings of the commonly measured

signal intermodulation distortion (IMD) as well as other nonlin- h teristics f FET h b t0 be inad i
ear related phenomena such as the onset of phase distortion ang¢haracterisucs for an ave been proven to be inadequate

gain compression in GaAs FET devices. A simplified one-sided for extracting these derivatives [2]. Maas al. gave the first
version of our previously proposed test setup and its corre- solution to this problem in [2] and [3] for the predominant
ZPO”Singdc?arat‘?tlertizart]io_” for;nulation t""{ﬁ shown (tjo Cogfcz;]mda nonlinearityIds(V gs) with a direct and very simple technique
Irect an rustiul tecnnique to extrac e second- an Ird- : : :
order coefficients for theg’gs(Vgs‘) Taylor-series expansion. The based_ on harmonic measurements at_ the drain side. That
extracted terms let us evaluate some of the most widely em- €ffective procedure was later extended in [4] for the complete
ployed equations for this reactive nonlinearity according to their ~bi-dimensionallds(V gs, Vds) Taylor-series expansion. The
capability of reproducing its small-signal nonlinear distortion reported experimental extractions, still scarce, have permitted
contribution. They are also shown to be responsible for some gyg1yation of the/ds equations for IMD purposes since then,
previously detected differences on IMD behavior at high frequen- . . .
cies and for significant variations on the load selection criteria and have lead to |r.nportanF cor?clu3|on§ on bias and !oad
for high carrier-to-intermodulation ratio and high output-power  control for low nonlinear distortion designs. The reactive
tradeoffs. nonlinearities have been considered of secondary or minor

Index Terms—Intermodulation distortion, MESFET’s, micro- effect; however, n_ot disposing_ of an experimental pr_OCEdure
wave measurements, modeling, Volterra series. for extracting their power-series terms has determined the
current incapacity for evaluating the extent of its minor role
as it has been recently considered [5].

In this paper, we intend to show the accurate @i (V gs)

HE nonlinear distortion prediction in microwave circuitsonlinear capacitor plays on IMD performance and phase-
is still an important open field in today’s research effortslistortion onset for applications in the saturated region. This

The modern wireless communications systems require thll be accomplished by extracting its second- and third-
development of new simulation techniques, such as specisader Taylor-series coefficients versus the gate-to-source bias
balance and envelope-transient analysis, for handling a lakgsitage V¢gso through a simplified procedure of the one
number of noncommensurate tones, as well as an accuigigently proposed in [6] for the complete bi-dimensional
characterization of the most employed nonlinear devices fQy(V gs, V gd) expansion. The modified test setup, its cor-
these purposes. This second element is the one discussegbéponding direct formulation, and the solution to the detected
this paper. problems in [7] for the region wher&€gs(Vygs) relative

It has been accepted as a law in [1] that reproducing tfiiportance could be small, conforms a trustful technique for
small-signal second- and third-order intermodulation distortifetting its second- and third-order derivatives. It also allows
(IMD) and the related phenomena—AM/PM conversion, gaiihe analysis of its responsibility, along wiflls(V gs, Vds), in
compression, etc.—on a nonlinear device is only possibletife IMD performance versus bias and load impedance at high
its model not only accurately describes the nonlinear cuyfequencies, something experimentally reported in previous
rent/voltage I/V and charge/voltage Q/V characteristics, bgrgniﬁcant works such as [8] for gate mixers and [9] for
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Fig. 1. MESFET nonlinear equivalent circuit.

in the optimum-load-condition selection due to thegs(Vgs) Accordingly, theCgs(V gs) andIds(Vgs, Vds) expansions
contribution now available. are as follows:
Gain compression and phase-distortion contours give us
some further insight into the reactive derivatives nonlinearCgs(Vgs) = Cgsl+2-Cgs2-vgs+3-Cgs3-vgs® (2)
distortion role, and could confirm, in a mathematical way (just
for the small-signal regime where third-order Volterra analyand
sis is valid), previously published experimental results [10].
However, large-signal multitone behavior, also experimentally @s(V gs,Vds) =1ds(Vgso,Vdso) + Gml - vgs
reported in [9] and [10], would require an adequate analysis + Gds - vds + Gm2 - vgs® + Gmd
tool for evaluating theC'gs(V gs) role on IMD. -ugs - vds + Gd2 - vds® + Gm3

-vgs® + Gm2d - vgs? - vds

Il. MATHEMATICAL FORMULATION AND EXPERIMENTAL SETUP
+ Gmd2 - vgs - vds® + Gd3 - vds®.  (3)

It is well known that the nonlinear currents technique for
\olterra-series analysis ([11], [12]) is a simple and powerful gy g5, V gdo) andIds(V gso, Vdso) represent the static
tool for small-signal nonlinear distortion calculations. Wejc yalues at the bias control voltagdsgso, Vgdo, and
have used this methodology for extracting th&s(Vgs) v gse, The upper case§yg, Ids, Vgs, Vgd, and Vds are
Taylor-series coefficients, just as it was employed forftie the total magnitudes and the lower cases their corresponding
derivatives extraction [2]-{4]. We consider the widely acceptagine-varying components. Finally, thé’s and C's are the
equivalent circuit of Fig. 1 for an FET, wher€gs(Vgd) respective resistive and reactive coefficients associated to the
dependence is not taken into account, &gl is assumed gerivatives, as in [4] and [6].
linear, a common practice for applications in the saturated|y Fig. 2, we present a block diagram of the test setup
1ds(V gs,Vds) nonlinearity due to the important contributiont js a simplified version of the one proposed in [6], and
of its cross terms on the IMD predictions with load condition, complement of the one Maas suggested in [2] and [3]
control, although we will also show the possibility of apfor the transconductance derivatives extraction. We measure

transconductance description bis(Vgs). _ excitation with amplitude high enough to produce levels over
The complete Taylor-series expansion up to third order fgie spectrum-analyzer noise floor, but within the small-signal
Qg(Vygs,Vgd) in regime where \olterra-series analysis is valid. There have to
Qg(Vgs,Vgd) =Qg(Vgso,Vgdo) + Cgsl - ugs + Cgd be two distinguishing differences from Maas setup if we want

-wgd + Cgs2 - vgs® + Cgsgd - vgs - vgd to extract terms of an input r_eactive nonlinea_lrity: firs_t, we
9 3 have to measure the harmonic power levels in gate instead

+Cgd2-vgd” + Cgs3-vgs™ + Cgs29d ¢ qrain because the relative contribution of the predominant

-vgs® - vgd + Cgsgd2 - vgs - vgd® nonlinearityZds is much lower there, not hidinggs effects;

+ Cyd3 - vgd® (1a) and second, we have to increase the excitation frequency up to

bout 1 GHz to make&’gs nonlinearity generate measurable

armonic power levels in GaAs FET devices.

The second- and third-order harmonic amplified power

QRg(Vgs,Vgd) = Qg(Vgso,Vgdo) + Cgsl - vgs + Cgd levels are referred to the first harmonic (fundamental) reflected

wgd + Cgs2 -vgs® + Cygs3 -vgs® (1b) power level measured via the directional coupler in order to

would result in the simplified (1b), under the mentioneﬁ
assumptions



2346 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 46, NO. 12, DECEMBER 1998

I DIPLEXING

FILTER

ot ATTN FILTER

: DIRECTIONAL FET

COUPLER Device

wyo og

MICROWAVE

SOURCE AMPLIFIER A
Pavs(m1) (2,3) . :
Zs{nm1)
SPECTRUM
ANALYZER
Fig. 2. Test setup foiC'gs(Vgs) nonlinear characterization.
G jo,Lg Re jo,Ced Redg Rd jold D

Y I

+ I (o) l

jo,Cesl
{Gm1 e"°9) Vgs(o,)
Gds
A%
<
)3
£

z

jo,Cpd 1
<
=
e
|ZL((D1) J

Lnnn
...a.
v
?

(@
G jno,Lg Rd jno,Ld D
—" VW, ——— A%
H 1®
lls(nu)l) 5» - + IL(nml)l
2] s L2
K o ] B Vds(na,)
-~ % s -
g - S
N T g -
N L & g 1 4 ©
£ 4 =S 5
@ ) ®  Z yee|E
] Y S
Rs } @
4 é’ jno,Ls S
—0— O

(b)

Fig. 3. Nonlinear currents topologies. (a) First-order circuit. (b) High-order circuits.

define two IMD ratios (4) and (5) reducing the spectrum- With an adequate calibration technique, based on the test

analyzer absolute-power-level error as follows: setup characterization, these measured rafidsRmecas) can
Ps(2wl be easily related to the “corrected” ratidd/ 2. These cor-
IM Bmeas(2w1) = 23200 ) v o .
Ps(wl) rected ratios relate the powers, dissipated by the corresponding
Ps(3wl harmonic and fundamental, in the &renin equivalent genera-
IMRmeas(3wl) = Ps(3wl) (5) d ¢

Ps(wl) tor resistance at the device terminass[in Fig. 3(a) and (b)].
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The circuit solution through the nonlinear currents techniqusrresponding excitation
is obtained from successive analysis of linear circuits, one for

each order up to the one of our interest. These linear topologies  H g, (w1, w1) = M = K2 _(wl)-Gm2
are shown in Fig. 3(a) and (b) for the first and higher orders, Vsi(wl) g
respectively. We have placed ports 1 and 2 at the nonlinearities 2

and ports 3 and 4 at the load and generator in respective order.

Although port 3 is not necessary for the extraction procedure,
it will be useful for later IMD calculations. The linear elements
in the transistor equivalent circuit, as well as the generator andK'Vgs(wl) and K'Vds(w1) come from the first-order equiv-
load impedances, are included in the four-port linear associatddnt circuit applying linear-circuit analysis techniques
circuit, as in [12]. The capacitors in Fig. 3(a) and (b) have been

- Kvgs(w].) - KVdS(wl) -Gmd

+ K%, (wl) - Gd2. (10)

represented by their susceptance, while the inductors by their M
reactance. Ky gs(wl) &/jgiull))
The Y matrix equation results in Kygs(wl) | = m
Igs Y1 Yo YisYiu Vgs Kviwl) Vi(wl)
_ Ids _ Ygl Yég Y,23Y,24 % Vids (6) L Vs(wl)
0 Y31 Ys2 YasYsy Vi [Viy(wl) Yip(wl) Yig(wl)] ™
Is Yy Yy YiaYy Vs = — | Yo1(wl) Yao(wl) Yaz(wl)
where Igs and Ids represent the nonlinear current sources [Yar(wl) Ysa(wl) Yas(wl)
for Cgs(Vgs) andIds(Vgs, Vds) nonlinearities, respectively. Yia(wl)
Il = 0 for every order since&ZL was included in the linear x | Yas(wl) (11)
associated circuit. Y3u(wl)

With the previously corrected ratiodsM R and the equiva-
lent generator available powétavs(wl), we can determine

while KIsgs(2wl) and KIsds(2wl) can be calculated for

the magnitudes of the second- and third-order nonlinear trafa€ Second-order circuit
fer functions H2(w1,w1) and H3(wl,wl,wl), relating the

phasors s(2wl) andIs(3wl) in Fig. 3(b) for the second- and
third-order harmonic components of the gate current to the Krg(nwl)

Kiogs(nwl)
Klsds (nwl)

excitation phasoV s(wl) in Fig. 3(a) as follows: - Is(nwl)
Is(2wl)| , Lgs(nwl) | 14s(nuty=o
|Hz(wl,wl)| = W = |Yin(wl)] Ilj(gzwll))
- | Kty
. \/ IMR(2w1) -
2. Pavs(wl) - Re{Zs(2wl)}
Is(3wl)|  [Yin(wl)| War(mwl) Yap(nwl) Ya(nwl)
[Ha(wl,wl,wl)] = Vs ~ 2- Pavs(wl)
4 Yii(nwl) Yia(nwl) Yiz(nwl) -\ "
IMR(3wl) 8 X |Yar(nwl) Yaz(nwl) Yaz(nwl)
"\ Re(Zs(ol)} - Re{ZsGol)} O Yai(nwl) Yao(nwl) Yag(nwl)
(12)

The second- and third-order nonlinear transfer functions are
easily related to the second- and third-order coefficients of batlith n = 2.
nonlinearities once we have successively analyzed the first-ln an analogous wayCgs3 can be determined with the
second-, and third-order associated linear circuits. We can thg@vious knowledge ofim3, Gm2d, Gmd2, andGd3 (or G3
extractCgs2 once we knowG'm2, Gmd, andGd2 (or simply  for the transconductance characterization, see Appendix) and
the equivalentz2 for Maas extraction, see Appendix), as weyoth the second-order resistive and reactive coefficients

show in (9
© |H3(wl,wl, wl)|Zaz(wl,wl,wl)
{|Hz2(wl,w])|Zaa(wl, wl) — K54s(3wl) - Hdsz(wl,wl,wl)
Cgs2 = —Kr1s45(2w1) - Hdso(wl,wl)} ©) — Krss(3wl) - [Hgsap(wl,wl, wl)

+ Hgsz.(wl,wl,wl)]
33wl Krsgs(3wl) - K¢ (1)

j 22wl Kfsgs(2W1) ) K%’gs(wl)

Cgs3 = (13)

where az(wl,wl) is the unknown phase oH:(wl,wl),
and Hds,(w1,w1) is the nonlinear transfer function relatingwhere «s(wl,wl,wl) is the unknown phase of
the phasorlds(2wl) of the nonlinear current source to theHs(wl,wl,wl), and Hdsz(wl,wl,wl) is the nonlinear
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transfer function relating the phasofds(3wl)

of the

nonlinear current source to the corresponding excitation

_ Ids(3wl)
- Vsi(wl)
4

Hdsz(wl,wl,wl)

+Hdszp(wl,wl,wl) + Hdsz.(wl,wl,wl).

= Hdsz,(wl,wl,wl)

(14)
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Hygszo(wl,wl,wl)

={j-6-wl Kyg(wl)-

Zgas(2wl) - Cgs2}

Hdss(wl,wl) (16b)

Hgss(wl,wl) is the second-order nonlinear transfer func-
tion relating the phasofgs(2w1) of this nonlinear current

source to the corresponding excitation, a function that can be

easily computed once we extractétls2

Hds3(wl,wl,wl) has three componentd? dss,(wl,wl,

wl) associated to the third-order resistive coefficients, pl”?fng(wl wl) =
7

Hdsg,(wl,wl,wl)andHdss.(wl, wl,wl) accounting for the

second-order resistive combinations of the first-order control
voltages and the second-order ones due to both second-
order nonlinear currentf dss; (wl,wl,wl) for Igs(2wl) and

Hdss (wl,wl,wl) for Ids(2w1). They can be computed as . )
sac(wl wl,wl) s(2wl). They P With n = 3, While Z,gs(2w1), Zyas(201), Zage(2w1), and

Z4as(2w1) can be calculated with linear analysis for the
second-order circuit, as shown in (18), at the bottom of this
page, withn = 2.

The unknown phasesas(wl,wl) and az(wl, wl,wl) can

be obtained taking into account th&lys2 and Cgs3 in (9)

in (15)

Hdsze(wl,wl,wl)
= Kg’fgs(wl) -Gm3 + K%fgs(wl) - Kygs(wl)
-Gm2d + Ky s (wl) - Ky (wl) - Gmd2

K15g5(3w1)

Lgs(2wl)
Vs?(wl)
2

=j-2-wl 'K%’gs(w]‘) - Cgs2.

17

and Kr.4s(3wl) are obtained from (12)

and (13) are real magnitudes. There are a couple of possible

values in each case, but the variation of the coefficient of
previous order withVgso give us the clue for selecting the
proper one. There is a pattern, just as it happens with the

Ids derivatives, for this selection; thus, once we have made

a first consequent extraction, it is quite easy to reproduce the

results for other FET's. The above expressions seem to be
complex at a first glance; however, they are very simple and

direct—neither iterative, nor time-consuming—two significant
advantages of Volterra-series analysis.

+ K3, (wl) - Gd3 (15a)
Hdsg(wl,wl,wl)
= {2 Kyg(wl) - Zyy,(2wl) - Gm2
+ [Kvgs(Wl) - Zags (201) + Kvas(wl) - Zygs(2w1)]
-Gmd+2 - Kygs(wl)
-+ Zags(2wl) - Gd2} - Hgso(wl, wl) (15b)
Hdsz (wl,wl,wl)
= {2 Ky o(wl) - Zyas(2wl) - Gm2
+ [Kvgs(Wl) - Zgas(2w1) + Ky gs(wl) - Zygs(2w1)]
-G@md+2 - Ky gs(wl)
- Zaas(2wl) - Gd2} - Hdsa(wl,wl). (15c)

Hygsg(wl,wl,wl) and Hygssz.(wl,wl,wl) are two of the

the second-order nonlinear currentsgss;,(wl,wl,
lgs(2wl) and Hgss.(wl,wl,wl) for Ids(2wl)

Hygszy(wl,wl,wl)

={j 6 -wl Kyg(wl) Zgus(2wl) - Cygs2}

- Hgso(wl,wl)

wl) for

EXPERIMENTAL DERIVATIVES EXTRACTION AND

USUALLY ADOPTED CLOSED -FORM

MODELS PERFORMANCE

The proposed test setup and the extraction procedure
three components i gs3(w1l,wl,w1). They analogously have been recently employed to characterize different FET
consider the second-order reactive combinations of the firggvices in their saturated region. The extractégs2 and
order control voltages and the second-order ones caused(ys3 terms for a very typical NE72084 MESFET are

shown in Fig. 4(b)—(c) for bias voltages Vdso

3V

and —3< Vgso<0V. It can be appreciated thaf'gs2 =
0.5+ dCgsl/dVgs, and Cgs3 == 0.33 « dCgs2/dV gs for the
whole Vgso range, thus confirming the self-consistency of

the proposed experimental procedure. Standard least squares

(16a) fitting and successive numeric differentiationg&js1(V gso)

Zggs(nwl)
Zygs(nwl)

Zigs(nwl)

Zgas(nwl)
des (nwl)
Zlds (7’LCU1)

Zg(nwl)
Zdl(nwl)
Z” (7’LCU1)

Vgs(nwl)
Igs(nwl) Ids(nwl)=0
Vds(nwl)
Igs(nwl) Tds(nwl)=0
Vi(nwl)
Igs(nwl) Ids(nwl)=0
Yii(nwl) Yia(nwl)
— Yo (nwl) Yae(nwl)
Y31 (nwl)  Ysa(nwl)

Zgi(nwl)

Igs(nwl)=0

Zdl(nwl)

Tgs(nwl)=0

Z”(nwl)

Igs(nwl)=0
Yis(nwl)
Yo3(nwl)
Ya3(nwl)

(18)
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Moreover, we detected that a careful extraction of the
extrinsics, specially?s, is the key for a successfdlgs char-
acterization, and that some important remarks derived from
guasi-linear analysis can give us a complementary tool for
validating the different existing techniques for this extraction.
One of the most widely employed techniques [13], with the
Rs + Rd fourth equation obtained as in [14], but using the
real part of Zy, from [S] parameters measurements, seems
to be the most trustful procedure for the reactive derivatives
characterization, as it also seems for thés Taylor-terms
extraction in the linear region.

The characterization results fafgs2 andCgs3 confirm the
exponential nature of the soft MESFET behavior near pinchoff,
as it was expected frof@m2 and Gm3 previous extractions
and some common control mechanisms for the depletion
region that determine both nonlinearities in these devices. The
Cgs(Vgs) dependence is certainly more complex than what
a uniform doping profile would suppose; the most commonly
used Schottky junction equation does not provide an adequate
fit to the gate-to-source-capacitance values extracted f&dm
parameters [15], and its second- and third-order derivatives
differ a lot from the experimentally extracted ones, as we can
appreciate in Fig. 4(b)—(c). The Statz equation [16] for the
gate charge, probably one of the best solutions, improve the
fitting Cgsl results and provide a much better performance
for the higher derivatives shape versugso, although the
third derivative lobes are symmetric and tes3 null in the
high-gain region (an interesting bias point for this nonlinearity
slightly to the left from theGm3 sweet spot) is not always
properly described. The Scheinberg equation [17], of expo-
nential nature, besides providing greater fitting accuracy in the
linear and saturated regions, has acceptable higher derivatives
with the same particular problems in the high-gain-region
behavior than [16]. We will include the derivatives of the
Schottky equation in the C/I ratio calculations of Section IV
in order to quantify the effects of the mentioned differences
in the IMD role of this nonlinearity.

IV. NONLINEAR Cgs ROLE ON C/I DISTORTION RATIO

Fig. 5 shows the evolution of the carrier-to-third-order inter-
modulation ratio (C/I) for two-tone excitation (something more
revealing than the single-tone case) versus frequency and gate
bias with a simple 532 load, for Cg¢s linear, nonlinear, and
the Schottky equation. The tones were 10-MHz apart, with
an input power Pin) of —10 dBm each. We can notice the
growing significance of the”gs(Vgs) IMD role when the
frequency increases in the microwave region and certain bias
shift of the mentioned sweet spot (the relevant pealifggo
in the high-gain region, useful for low-distortion designs). The
interesting frequency behavior experimented by the sweet spot
is highlighted by a solid line.

The observed differences in C/I between Fig. 5(a) and

extracted from scattering measurements, the only existift) can go up to 20 dB in the microwave range, which is
solution up to now [5], are far from producing these smootimainly due to a relative stronger contribution of thel — w2
results. On the other hand, as we will see further, some of tlead current component caused by the reactive nonlinearity.
existing reactive models suffer from high-order derivativeldowever, there is not appreciab{&gs contribution, as we
consistency problems.

could expect, in the low-frequency region; thus confirming
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Fig. 5. Two-tone excitation C/I versus bias and frequency.({gy linear. (b) C'gs nonlinear.

the validity of the Ids high-order derivatives’ extraction the one we propose, could give us the possibility of predicting
methodology at a few hundred megahertz [2]-[4]. such situation; but its high selectivity could also limit its
The small-signal C/I prediction with th€gs(V gs) Schot- extension for some important current wide-band applications.
tky equation in Fig. 5(c) differs from the results shown in The C/I load—pull contours, for two-tone excitation at 10
Fig. 5(b), especially for high frequencies because of its poand 10.01 GHz withPin = —10 dBm per tone, using the
Cgs2 and Cgs3 reproduction. complete I'ds(Vgs, Vids) expansion andCgs either linear
As was considered in [12], the reactive nonlinearity compeffig. 6(a)] or nonlinear [Fig. 6(b)] give us some further insight
sation—see maximum point in Fig 5(b)—would be significaribto its IMD role with load impedance control. We have swept
and valuable for narrow-band applications around the optimutre load reflection coefficient for the first badfL(wl) =
bias points, where an accurat®s(V gs) characterization, as ZL(w2) = ZL(2wl—w2) = ZL(2w2—wl), we have assured
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Fig. 5. (Continued.)Two-tone excitation C/I versus bias and frequency. (c) Schottky equation. Solid line represents sweet-spot evolution.

stability, and we have corrected the source available powmswer point because of a more complex characterization. This
according to the transistor input reflection coefficient, in ordeliagram, as well as the C/l range dependence with output
to guarantee a constant input power at the device terminp®ver (CIR diagram) in Fig. 8, representing in a simple way
as it is usually made in measurements of this kind. The bids C/I range we can obtain for a given output power, result

point: Vgso = —0.2 V and Vidso = 3 V was employed for very didactic for evaluating the nonlineéfgs(V gs) role on
the remaining analysis. Output powgPout) contours (2, low-distortion designing criteria.
—5, —8, and—10 dBm) are also shown. The point of high C/l atZ L = 91.58 + j8.78(2, previously

Having placed a port at the load in Section Il results irepresented by «" in Fig. 6(b), corresponds to an output
a great help for these sections calculatioAS:;, Z;,, and power about 1 dB below the maximum value, a good design
Z14s lets us now obtain th&'! phasors at the frequencies ofradeoff for a low-distortion amplifier. WitiCgs linear, the
our interest, and the correspondihigphasors and powers in aoptimum selection would have differed.
simple and direct way. We have consideredttie(V gs, Vds)
complete expansion due to the contribution of the cross terms
on IMD cancellations for certain load conditions, as it has V. SECOND-BAND SOURCE-RULL
been considered in [4]-[5]. AND LoAap—PuLL C/I CONTROL

The differences, imposed b§'gs2 and Cgs3 terms, are  In this section, we intend to evaluate the influence that
not precisely in the load—pull C/I contours’ general shapgecond-order frequencies’ terminating impedangézv1) =
but in certain rotation of the contours, smoother cancellationg(wi + w2) = Z(2w2) and Z(w2 — wl) at gate and drain
and an important shift of the optimum load point for higherminals could have on the C/I behavior for a small-signal
C/l and high-output-power tradeoffs, a valuable criteria fatlass-A amplifier employing a MESFET whose reactive and
designing low-distortion small-signal class-A amplifiers. Theesistive derivatives were experimentally characterized. We
C/l load—pull prediction with the Schottky equation in Fig 6(cselected the load impedance at the first band for the maximum
confirms its inaccuracy for IMD analysis purposes. output power, the ¢" point in Fig. 6(b), and the source

Besides showing the typical load—pull contours, we preseinipedance for input matching, following a typical power gain
in Fig. 7 an interesting diagram proposed some years agodssign. Then, we varied both second-band source and load
Sechi [18], which presents the output power and C/I evolutiompedances to see if the output contribution of tHeys2
versus|T'|, wherel represents the reflection-coefficient vectosecond-order nonlinear transfer function {@gs nonlinearity
from the maximum output power point to the points of eitherould introduce an important extra C/I control with respect
the highest C/I (represented for the positivevalues) or the to the Hds, transfer-function role due tdds nonlinearity.
lowest C/l (represented for the negatiVevalues) in each For this typical MESFET, in a small-signal class-A-amplifier
output power contour. The obtained behavior is similar tapplication with the referred first-band load conditions, and for
the one reported, although the points’ position differs from the classical two-tone input signal, these terminations result
straight line, Fig. 7(b), when we move apart from the optimuin no practical significance (1 dB or less), validating the
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C/1 with Cgs Nonlinear (ZS 2nd Band) Gain Comp. with Cgs Nonlinear
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Fig. 9. ClI [decibels] contours for second-band control. (a) Source—pull. (b) (b)

Load—pull [(x) = maximum C/I].
pull 16<) ] Fig. 10. Relative distortion vector contours. (a) Gain Compression [deci-

bels]. (b) Phase distortiorf]. [(0) = maximumPout, (%) = design point].
predominant contribution ofds nonlinearity for the second-
order cqmppnents. The supporting computed C/l contours aror a single-tone excitation, once we have characterized
shown in Fig. 9. . . _ the device and numerically computed the nonlinear transfer
For oth_e_r conditions, as CI&.‘SS'.B ampln‘ler§ or f'rSt'bar@nctioan(wl,wl,—wl) relating thell{(wl+wl—w1) third-
load conditions where the contributions from third-order terms yer phasor with the corresponding excitatios?(w1) /4, we

are i_mall, the second-band impedance control could be MR easily evaluate both phase distortion and gain compression
significant. through the relative distortion vectdd(w1) as in [12]

VI. NONLINEAR Cgs ROLE ON PHASE 3 Hy(wl,wl, —wl)
DISTORTION AND GAIN COMPRESSION D(wl)=1+ 1 Vi(wl)]? =220 22 (19)

. . . Hl(wl)

\olterra-series analysis up to third order has been proven
to be valid [12] for AM/PM conversion, gain saturation, and The load—pull contours for its magnitude in decibels (gain
some other nonlinear related phenomena calculations for ingompression) and its phase in degrees (phase distortion) are
power levels up to approximately the 1-dB compression poirghown in Fig. 10 for a single tone at 10 GHz with an input
while the device has not been driven into strong saturation. Thewer that drives the device near the small signal regime limits
load—pull contours for phase distortion have been publishéBin = 3 dBm). The previously selected load condition for
in a few papers, such as [10], and can be considered in thigh C/I and output powef I. = 91.58 + j8.78Q2 provides an
optimum-load-condition selection. almost null phase distortion supporting our designing criteria.
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