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Large- and Small-Signal IMD Behavior
of Microwave Power Amplifiers

Nuno Borges de Carvalh&tudent Member, IEEEANd Jo&é Carlos PedroMember, IEEE

Abstract—n this paper, large-signal intermodulation distortion
(IMD) sweet spots in microwave power amplifiers are studied
and predicted using a new mathematical basis. The variations
in the IMD versus drive pattern with active bias point and the
terminating matching networks are investigated. This nonlinear
distortion model enabled the design of power amplifiers specially
tailored to present a desired IMD versus drive-level pattern.
For practical validation purposes, a MESFET case study and an
illustrative application example will be presented.

Index Terms—Dbescribing function, intermodulation distortion,
power amplifiers, Volterra series.

Pout, MD (dBm)

I. INTRODUCTION

NE OF THE major issues in a power-amplifier design
process is the level of nonlinear distortion allowed, in
order to fulfil the specifications of SNR. = .
. . . 10 10 10
Normally, to solve this problem, the input backoff technique Pin (]
is used, which is also known for its efficiency degradation and,
thus, on the overall telecommunications’ system performanfég.' 1
The main objective of this paper is to present a new
and rigorously founded mathematical model for the nonlinear
distortion mechanisms responsible for the so-called largéput power. Also, when the fundamental starts to compress,
signal intermodulation distortion (IMD) sweet spots in powei presents a sudden increase, tending again to a constant.
amplifiers [1]. That enabled the explanation of not quit&hus, the output signal power-to-distortion ratio (C/I) rapidly
understood and, thus, sometimes referred to as “stranga€grades.
behaviors of the most important distortion effects, e.g., in- On the other hand, the curve of Fig. 1, marked wih),(
band IMD, spectral regrowth, and harmonic distortion, whictepresents the case of sometimes observed gain expansion
could then be used to overcome some of the associated inpiénomena. That means the output signal power first linearly
backoff problems. follows the input power, then it experiences a faster rate of
Usual power-amplifier's fundamental output power and inise (gain expansion), and finally, it compresses again to the
band IMD curves versus input power can present two cleagyove maximum output power.
distinct behaviors, as is shown in Fig. 1. Now, consider the correspondent in-band IMD curve. First,
The continuous curve in Fig. 1 corresponds to a normal gairfollows the previous curve, within the small-signal regime.
compression operation, in which output power first followgontrary to the previous case, it then presents an unexpected
linearly the input and then, for a determined input driveninimum (large-signal IMD sweet spot) at a certain input
progressively compresses. Beyond this point, the relatipawer. By observing the two curves, and remembering that
between input and output is less than 1 dB/dB, and tendstf design goal is a prescribed (C/l), it is no longer evident
an asymptotic constant. The corresponding in-band distortigich input backoff should be considered for this latter design.
begins with a cubic behavior, rising 3 dB for each decibel gf fact, for the same distortion characteristics, we will get a
better output C/I by selectin®;,.» as the amplifier working
) ) ) ) point than withP;,;.
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which output current can be given by
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However, as far as we know, until now, no one tried to 1 < <
O o o o oo 1 DD YD
relate its characteristics to the active device’s nonlinearities or o 0 o
even predict it without having to measure the final amplifier o NETY BTN BTN e
circuit.
Since the problem resides on how to predict these different ) Z Via Vig: Vigs Vies Vigs
amplifier behaviors, we began by analyzing the amplifier q”j(_w_Qer o, e, e )t
in its small-signal regime, and then extended the results to R R 1)

large-signal operation. Small-signal calculations were baseqf the input is assumed as a sinusoidal two-tone
on a standard \olterra series (VS) analysis [3] (VS expansion

of the amplifier's active device nonlinear modelsy (Viy)). Vin(t) :A[cos(wlt + ¢1) + cos(wot + ¢2)}
However, due to the well-known limited convergence radius A
provided by this method, the large signal was to be handled =3 [cj(“’lt"'m) + ¢ Iertten) 4 pilwatten)

by describing function techniques [4]. From the integration of
these small- and large-signal amplifier modeling methods, a
new behavioral distortion model was then proposed.

In the following sections, this novel amplifier model i

+ C—j(ﬁdz t+do ):|

Sthen the in-band IMD behavior at frequen2ys — w; will be

presented and applied to a simple MESFET amplifier circuit.  §S; (2w, —w;)
Finally, it is validated by showing some application examples 3A2
; ) : : _ _ -2 H _ [(2w27w1)t+2¢27¢1]
where the transistor's quiescent point (for Class-B and Class 3 3(w2, w2, —wy)e’
AB operation) and the input stimuli (two-tone and narrow- 5045
band Gaussian noise) were varied. + 3 Hy(wz, wo, —wi,w, —w)
Cj [(sz —w1)t+2¢2 +¢1] (2)

II. MATHEMATICAL APPROACH
Consid i q h h teristic f twhereSS stands for small-signal part of the response.
onsider a nonlinear device having a characteristic function, | order to have an IMD minimum, we must have

similar to the one presented in Fig. 2, where theaxis is

some input control variable, like voltage, and thg-axis is 34° H _ [(2w2—w1)t+2¢2—¢1]
. f . 3((“)27(“‘)27 wl)
the output variable, as current. The study of this nonlinear
function will be divided into two sub-analyses. 5042
o 3 . : L = ———— Hs(wy, w2, —wi,w, —w)
As indicated in Section I, small-signal analysis will be 32
derived from the VS expansion of that nonlinear transfer _ej[(sz—wl)t-l—quz—qbl] 3)

characteristic[lo,s = fnr(Vin)] around some preselected

quiescent point (in this case, a simple Taylor expansion sin&ecordingly, if Hz(-) has an opposite phase t#3(:),

the transfer function is memoryless). the minimum will appear at an input power df, =
In that sense, a good approximation of the characterisfitHs(-)/25H5(-)|.

function betweermA andB can be expected with only a fifth- If a larger input signal is now considered, like one that
degree Taylor series, provided the expansion point is alsavels far beyond3, a higher Taylor series degree and, thus,
within that range. We called that the small-signal regime, froif;(-) must be used in order to maintain VS’ accuracy. Thus,
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Fig. 3. Schematic diagram of the power-amplifier circuit.

by combining different arrangements &f;(-), various IMD Section Il will be devoted to the presentation and discussion
power nulls may be predicted. It can be shown that usuafl such a new distortion model.

microwave amplifier's behavior can be very well represented

until point B using a simple fifth or seventh VS approximation, 1ll. SMALL- AND LARGE-SIGNAL BEHAVIOR MODELS
although many more terms should be used for a signal thaTThe integration of small- and large-signal distortion led to

travels up 10 C. This makes the applicability of the VS he simultaneous use of a \olterra model associated with a
inadequate for large signal, asking for another technique i scribing function one. Thus, the mathematical formulation
the two sinusoidal input describing function (TSIDF) [4]. '

The derivation of the TSIDF for the transfer characteristic o? 3
Fig. 2 demands for a two-tone input excitation, which leads tp . (2., —w;) = 347 Hs(ws, wa, —wi )& i[260—1]
8 ? ?

Lot (A, niwr, nawa) 50A° ;
T2 pTh)2 5 Hy(w2, w2, —w1,w, —w)e’ [26-1]
ATng / T /2 / )2 Tve[em(®)] +LS(A, 2wz —wr) 5)
ceTImwitigminewats gy, whereLS(A, 2w, —wy) is the hereafter referred to large-signal
Ty /2 T2 contribution
r sin(wyt)+A sin(wot
AT1T2 ~Ty/2 /T2/2fM (i) (wat)] LS(A, 2wy —wy)
eTimerty g=jnawats gy e, = AxTSIDF (A4, 2ws —wy) —SS,,, (2w2 —wy) (6)
where v, (t) = A sin(wit) + A sin(wst). Then, meaning thatL.S(A, 2w, — w;) is near zero compared to the
VS output, when the signal travels betweAnand B (if the
TSIDF1 A, 2wr—w1) circuit is biased betweeA andB) and is dominant when the
/2 pTy/2 signal travels far fronB toward C.
AT1T2 / fNr A sin(wit1)+A4 Sln(w2t2)] In a memoryless system such as the one under consideration,
ot _121122 /2 if Iout(2wz — wy) has a phase of °0in its small-signal
= dty dts. (4) region (fundamental output power is again assumed as the

Using these expressions, and taking into account the Sat%ference phase), and then tends to°189 its large signal

t must have a zero, which results from the interaction
ration shape off.; = fn1(Via)] represented in Fig. 2, it can'c9'Me: !
be shown that the IMD component 2b, — w; converges to betweenLS(A, 2w, — wy) and the small-signal contribution

a precisely determined constant power with 180t of phase 581, (2w? — wi)- . . .

(compared with the fundamental output power), when the inp.utIn Section 1V, some |IIu-stra_t|.ve examples .W'” be proposed

excursion tends to infinity (large-signal regime). Thus, whild order to prove the applicability to real devices and systems.

the VS accurately describes the amplifier IMD at small signal,

the describing function technique is the appropriate choice for IV. MESFET Case Stuby

large-signal regimes. In order to get a practical perspective of the proposed theory,
In conclusion, small- and large-signal distortion regimes cédet us imagine a simple circuit where a MESFET is connected

be easily integrated into the same mathematical formulatido. a resistive loadi;,, as is shown in Fig. 3.
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If the device’sl,[Vys, Vas] nonlinear model is simultane-
ously solved with the appropriate boundary conditions im- —
posed at its input and output

L(t) = I [ Vial®), Vas()] = Lo (8)
Vas(t) = Voo + Vi(t) = Via(?)
Vas(t) =Vpp — R - 1us(t)

(whereV,(¢) is the input voltage excitation arid;¢ andVpp
are the gate and drain supply voltages, respectivély)t)
can be represented as a direct transfer functioi,gf), which
assumes a graphical aspect close to that of Fig. 2. 0.2

For the Iy4s(Vgs, Vas) nonlinearity, the Pedro’s Model [8]
was used due to its recognized ability on handling IMBig. 4. Characteristic function: first, third, and fifth derivatives.
simulation problems.

The above set of simultaneous equations was solved wiifas point. Therefore, as asymptotic large-signal IMD presents
an harmonic balance algorithm, which allowed the extracti@an180 phase, a distortion sweet spot can be produced by the
of both the amplifier characteristic function and its first fiveareful selection of a quiescent point that has an associéted 0
derivatives, as required for the small-signal Volterra analygdase small-signal IMD. On the other hand, if the bias point
of (1). selection results on a 18@mall-signal IMD, the IMD versus

Note that neither the functiof,.; (Vi) nor its derivatives drive pattern will not present any null, but a rapid increase on
G, G3, G5 (as represented in Fig. 4) have to be equal to tilistortion, close to the 1-dB compression point.
ones oflye(Vgs, Vis) [5], Gy Grms, G, €XCEPpL at bias points In order to illustrate thgse theoretical assumptions, two-
not far from pinchoff, where the influence &f,, on I..(V,,) tone harmonic balance simulations were performed on our

is negligible. In fact, these derivatives are now defined by tﬁ@nlinegr MESFET circuit for several bias conditions. Those
Taylor expansion offoy,(Via) simulation results of output power and IMD at and at

2wq — wy, respectively, are presented in Fig. 5.
Case A corresponds to the device biased near pinchoff, a
situation usually treated as a Class-B power amplifigero( =

2,0 Vin 0,5

Iout (Uin(t)) = 4outDC + Gvin(t) + C;(Qruin(t)2 + G3Uin(t)3

+G4vm(t)4+G5vm(t)5~~~ Viune = —1.27 V). There, first the IMD rises at 3 dB/dB
for small-signal regimes and, when the output power starts to
and can be calculated from compress, an IMD minimum appears. The explanation for this
pattern is that, at the referred bias, the small-signal IMD has
b G- Afn(Vin(t)) the required © phase, imposed by a positivés, while the
== Vit |y D=V po large-signal IMD presents its asymptotic 280
9 e In a practical circuit, the large-signal distortion has its
g =Gy = o —— origins on the device’s strong nonlinearities, which, for a
2! 92Vin(t) Vin(H)=V; nc MESFET, can be either the triode to saturation zone transition
1 &3 fnr(Vin(1)) or the input gate—channel diode conduction or breakdown. The
hs =Gy = — == v/ - o .
3! FVin®) |y v one actually determining large-signal IMD mainly depends
\ in(t)=Viypc on which will be reached first a¥(¢) and Vy.(t) control
hy =G4 = 1 M voltages increase. This, in turn, canderiori predicted from
4! 0*Vin(?) Vin(H)=V, Do the device'd/V curves and the quiescent point considered for
1 3 fnp(Via(t)) each particular design. Due to the moder#ig, voltages
hs =G5 =5 A (7)  considered in the circuits studied in this paper, only the first
: m ‘m(t)=V, pc

two strong nonlinearities had nonnegligible impact.

In Case B, the amplifier was biased for Class-AB operation
with Viupc = —0.97 V. There, due to the negativ@s, the
small-signal IMD has 180phase. As theoretically predicted

343 504° in Section Ill, no IMD minimum is observed at the large-
(2w —w1) = —=Ga + —-Gs. (8) signal interface. Even so, and becausdabc = —0.97 V
G3 and (G5 have opposite signs, IMD compression appears

Expression (7) states a strong relationship between thear P,, = 0 dBm, before the sudden increase faced when
Volterra operators and..(Viy) derivatives [6]. Thus, an signal level approaches large-signal excitation.
observation of Fig. 4 leads to the conclusion that(ssand Case C is a Class-A power amplifier, biasedVaipc =
G5 change with the bias point, a tight control over small-signat0.45 V, where (G5 is again negative, but now with the
IMD behavior can be gained by simply changing the devicesame sign a<7;. In this situation, the IMD curve expands

The IMD at frequencyws — w1, including components up
to fifth order, will be

557,

out
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Fig. 5. Output power and IMD for: (a) Class B. (b) ClaAB. (c) ClassA(—). (d) Class A(+). (e) Small-signal sweet spot. (f) Double minimum.

at small signal and compresses at large signal. As predictediinally, for completeness, in Case F, the device was biased
no minimum is evident. in a point whereG@; < 0,G5; > 0 andGs = G5: Vigpe =

In Case D, the device was again biased for Class A,1.1 V. In that case, a double minimum is evident. The first
Viupe = —0.31 V, but now with a greater quiescent currentminimum is caused by the interaction between the small-signal
G3 is now positive and an IMD minimum appears at théhird- and fifth-order components imposed by the selected
interaction between small- and large-signal IMD, as was tlwalues of Gz and G5, while the second again has its origins
case already verified for Class-B operation. on the small- (now controlled by7;) and large-signal IMD

In Case E, the device was biased at its small-signal sweemponents’ cancellation. Inded@; > 0, and now represents
spot [7], Viapc = —04 V, where G3 ~ 0, and G5 is the dominant contribution to small-signal IMD, just before the
predominant. Despite the IMD, curve power can still b&arge-signal interface.
explained in the same manner, its small-signal power is nowAll of the above conclusions regarding the bias point
controlled by, as is clear from the observed low distortiodMD dependence were developed from a very simplified
power, and its distinct 5-dB/dB slope. memoryless circuit. In what follows, restriction will be lift
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Fig. 6. Output power and IMD for each matching network load pulling: (a)—(b) Baseband. (c)—(d) Second harmonic. (e)—(f) Third, fourth, fifth, and
upper harmonics.

off in order to study the variation in amplifier IMD patterniy,(Vge, Vas)

induced by changes in its terminating matching networks. o _ Al
Since the amplifier now has memory, the simplified Taylor " OV
series expansion turns into a full VS analysis. Since such a VS 1 920,
expansion was already previously developed by many authors m2 =51 5oy
[3], [5]-[7], it will not be fully discussed here, and we will Nk
. . . 1 0°1
only retain the part that we consider more important for our Gz = o 3
explanatory purposes. 3L 0%V
For illustration, let the device be biased in a quiescent Gy = Olas
point near or beyond pinchoff. Due to the very small gains Vs
associated to such bias points, it can be shown that there, Gond :i 9l
only certain coefficients of the Taylor series expansion of - 2D OV dVas
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TABLE |

DIFFERENT HARMONIC MATCHING NETWORK CASES

Arrangement | Sjg at Base-Band | Sjuq at 2" Harm. Sioad at 3 and upper
A Variable 1]180° 1]180°
B Variable 1j0° 1|180°
C 1/180° Variable 1]180°
D 1)0° Variable 1/180°
E 1]180° 1]180° Variable
F 1j0° 1]180° Variable

are important and, thus, the Volterra nonlinear operators will
be

G
Hi(w)=—"m 9
l(w) 1+GdsZL(w) ( )
2G 2 + GraH1(w1) + GraH(w
Hg(wl,CUQ) — 2 d 1( 1) d 1( 2) (10)

242Gy Zr (w1 +wo)

and R%il'_"l

1
H =
3(ws,ws;ws) 6 +6G s Zr (w1 + w3 + w3)

. (6Grn3 + 2G a2 (w1 + w2)Ha(wi, w2)

Fig. 7. MESFET power-amplifier prototype used for laboratory validation.

+ 2G aZr (w1 + we) Halwr, ws) minimum (for an open-circuit baseband load). This can be
explained by considering (12), where a chang&jp,a (w2 —
+2GmaZr (w2 +w3)H2(w3,w2)). (11) ;) may reverse the phase of the small-signal IMD and, thus,
As can be seen from the above expressions, if we considiee IMD minimum can no longer be present.
the two-tone IMD aw; —wy, Iys(2ws —w1) = 3/8H3(2ws — In Cases C and D, the second harmonic was tuned. The
wi) * A%, where load—pull simulation results now indicate that, for a short-
circuit baseband load, the variation in the second harmonic

H3(2w; —wy) = ! loading changes the IMD pattern, as was predictable from (12).
6+ 6Gas 21 (2w2 — wi) However, if the baseband load is an open circuit, the second
. (6Gmg + 2GmaZ (2w Hy(wa, w2) harmonic tuning has no effect on the IMD pattern, which is a
consequence of the stronger impact of the baseband load on
+ 4G a2 (we — w1)Ha(wo, —wl)) IMD than the one of second harmonic. This, again, could be
_ also derived from a careful observation of (12).
with In the final Cases E and F, the matching networks greater
2G o + 2G maHy (wo) than the second harmonic were varied. There, since small-
Ha (w2, w2) = 2+ 2G s Z1(2w2) signal IMD cannot be affected, as is predicted by (12), and
large-signal IMD remains essentially unaltered, no change in
Hoy(wa, —w1) = 2Gma & Gmatl(w2) + Gdel(_wl). IMD could be perceived.

2+ 2GasZ1(w2 — w1) In conclusion, it can be said that if the goal is an IMD

minimum, then the optimum output-matching network should
d Present a very low impedance to both the baseband and second

impedance presented by the output matching network) anR@rmonic. In fact, generally, only the seconq harmonic load ha_ts
Z1(2w2) (similar second harmonic load impedance) a9 be controlled, as the bgsepand_shqrt circuit can be easily
varied, it is possible to modify the phase of the small-signgtaranteed by a wise drain bias circuitry.
behavior of the amplifieH3(2ws — wy). This, in turn, may
induce a change in the IMD pattern, compared to the one
previously observed in Fig. 5(a). In order to prove the practical validity of the proposed
To test this hypothesis, an independent load—pull simulatitimeory, a single-stagé'-band MESFET power amplifier was
at the baseband and second harmonic was performed aghisigned for maximum output power and optimum IMD
with a harmonic balance machine (load impedances at thattern (see Fig. 7). That is, the input matching network was
fundamental frequencies were maintained constant and ecualed for maximum gain while, at the output, optimum Cripps
to 50 ). Fig. 6 and Table | summarize those results. Aoad for the fundamental and short-circuit for the baseband
“variable” statement for any load reflection coefficient mearend second harmonic loads were used. The model used for the
that the four reactive values were tried, i.80a0 = 1Iﬁ MESFET device is equivalent to the previously presented in
wheref = 0°, 90°, 180°, and 270°. Figs. 3 and 4, with &7 = —1.25 V.
As is clear from Cases A and B, changes in the basebandn this application example, two different bias points were
matching network can cause the elimination of the IMMsed, one for Class-AB operatioVg = —0.61 V), and

(12)

Then, considering thatZ;(w. — w:) (baseband loa

V. APPLICATION EXAMPLE
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Fig. 8. Amplifier P;, — Pout fundamental and IMD curves (measured and simulated) for Class-AB operafipn=—0.61 V).

another for Class-BW,s = —1.24 V). In both of these lustrate the usefulness of the proposed theoretical explanation.
situations, the amplifier was excited by two-tone and narrow- It is possible to see that for an equivalent output power close
band Gaussian noise signals. The corresponding measumed0 dBm, the IMR is better for the Class-B power amplifier
and simulated results were then compared, taking into a@ban for the Class-AB design. Despite the better small-signal
count the predictions inferred from the above explained thiMR presented by Class AB, it is still possible to generate
ory. The simulator used for the noise signal is a state-dd- better IMR with a Class-B amplifier for the same output
the-art in-house-developed harmonic balance machine [@fhnsmitted power located on the onset of saturation.

[10]. In summary, for a certain IMR specification it is possible to
use a Class-B amplifier, taking all its recognized advantages
in drain efficiency, in applications where traditional designs
would advise the more obvious quasi-linear Class AB. Also, all
Fig. 8 shows measured and simulated results of fundamentadse conclusions could bepriori predicted from simulations,

Fou (w2 = 27 % 2.001 GHz) and in-band two-tone IMD as is guaranteed from the remarkable agreement obtained from
(2w2 — w1 = 27 x2.003 GHz) versusP, curves. These resultsthe |laboratory and computed results.

were obtained when the device was biased for Class AB. They
represent the typical gain compression behavior and associated | o i i
monotonic IMD rise with input drive level. B. Multitone Excitation (Narrow-Band Gaussian Noise)

Now consider that the gate bias of this circuit is changed inIn order to prove the validity of the above model for
order to have a positivéls, (Vi, = —1.24 V). The transistor telecommunications applications, a more realistic input spec-
would then be biased near Class B. Using (5), we can prediatm (Fig. 11) was used. The input spectrum was built using a
that a large-signal sweet spot would appear when the infagiseband Gaussian noise generator that was filtered to have a
signal excursion travels far beyond poBt(Fig. 2) since there contained spectrum inside a precise bandwidth. This baseband
LS(A,2ws — wy) would rise and tend to an opposite phassignal was then used to modulate a 2-GHz carrier (AM
in-band IMD. modulation). Output signal power, and adjacent channel power

The measured and simulated fundamental and in-band IMRCP) ratio were measured and simulated on that microwave
output powers versus drive for this amplifier can be observedwer amplifier for an input power sweep (Fig. 12). The two
in Fig. 9. The large-signal IMD sweet spot is clearly eviderdbove-referred bias conditions were again considered.
near the 1-dB compression point. Thus, by only changing theEqual channel spacing and signal bandwidth of 600 kHz
bias point, it was possible to reduce the IMD power near tlhreere imposed, as is marked by the vertical arrows presented
1-dB compression point by over 20 dB. on the zz-axis of Fig. 11. ACP was herein defined as the

Fig. 10 represents intermodulation ratio (IMR) versus outpudtio between integrated fundamental power and upper lobe
power for these Class-AB and Class-B amplifiers in order to #pectral regrowth power.

A. Two-Tone Case

Authorized licensed use limited to: UNIVERSIDADE DE AVEIRO. Downloaded on July 1, 2009 at 11:25 from IEEE Xplore. Restrictions apply.



2372

40
¥ Ppout Sim

€MD Sim U7 IMD Meas

20

U™ Ppout Meas |

dBm

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 47, NO. 12, DECEMBER 1999

Pin (dBm)

Fig. 9. Amplifier P, — Pt fundamental and IMD curves (measured and simulated) for Class-B operatipn=(—1.24 V).

120 7 —— S
=1MR Sim Class C
=0FIMR Meas Class C
100 =**IMR Sim Class AB
= IMR Meas Class AB -‘gb
e
r12%
ne.
e,
LK
80 1 - - e — —L - — —
IQ.,'
e
l'i.s
o
8 60— -
[ ] s = | |
o = -
L] | ]
| ] 1]
B . = ] _ _ . - o' _
40 [, ° at ‘
» ] &
b
el
.1‘.“.1. an ‘ AA‘I”.T.
20 7 LA L ROSOISCHCRC OO w mn CRC )')I'
w
0 , , ; . :
-50 -40 -30 -20 -10 0 10 20
Pout(dBm)
Fig. 10. IMR for two similar Class-AB and Class-B power amplifiers.

Looking at the experimental results of Figs. 8, 9, and 12xcitation complexity. Also, when comparing the performance
the first important conclusion to be drawn is that two-tongathered with the two quiescent points tested, over 10 dB of
IMD and noise distortion (ACP) are very well correlated. lincrease in observed ACP for the Class-B design can again be
fact, the qualitative statements above referred for the twaehieved near the 1-dB compression point for almost the same
tone test maintain its applicability despite the increase fandamental transmitted power.
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Fig. 12. Total measured output power and ACP for real-spectrum-excitation narrow-band Gaussian noise.

Let us now compare the simulations with the measurementimperfections in the nonlinear model used for fag (V.,
results. A first glance indicates an almost perfect matching, Bg) nonlinearity. In fact, this nonlinear MESFET model was
long as fundamental power is concerned. optimized to present a good fit up to the third-order device’'s

In the case of ACP, the results are not so precise. Thenlinearity, but it can not easily control the fifth [8]. Also,
reasons for that are mainly related to the difficulty in accuratefs was seen above, that is the ultimate responsible for the
measuring the power associated with a randomly varying sighserved compression of small-signal IMD. Finally, since we
nal. First, any two successive ACP measurements could vamng now (contrary to any simulation) dealing with continuous
by as much as2 dB, which is within the average simulationspectrum densities with finite slopes, it is much more difficult
results discrepancies. The large differences observed for thealefine a precise border between the large fundamental output
Class-AB small-signal regime are entirely due to the magower and the weaker adjacent channel. In our case, these
imposed by the measurement noise floor. The other differenegsors could be as high as3 dB. Nevertheless, the overall
observed in the small- and large-signal interfaces are attributegteement is quite good, which proves the applicability of
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the proposed theory to integrate small- and large-signal IMI7] J. C. Pedro, “Evaluation of MESFET nonlinear intermodulation dis-

behavior, and guarantees that the Iarge-signal IMD sweet spots tortion reduction by channel doping controlEEE Trans. Microwave
. | lifier desi h Theory Tech.vol. 45, pp. 1989-1997, Nov. 1997. )
can be predicted on an early power-amplifier design phase. g 3. c. Pedro and J. Perez, “A novel nonlinear GaAs FET model for inter-

A final note on the presented measured and simulated results modulation analysis in general purpose harmonic balance simulators,”
should refer to the fact that (and as far as the authors are aware) i Proc. 23rd European Microwave ConMadrid, Spain, Sept. 1993,

o S . ) ; pp. 714-716.
this is the first time that real nonlinear distortion measuremerny) N. B. Carvalho and J. C. Pedro, “Multitone frequency domain simulation

and simulated results for a noise excitation are compared. This of nonlinear circuits in large- and small-signal regimel£EE Trans.

; . Microwave Theory Techvol. 46, pp. 2016—-2024, Dec. 1998.
proves that the used computation resources [8] [10]’ a'thOUHB] J. C. Pedro and N. B. Carvalho, “Efficient harmonic balance computation

still in their infancy, already constitute valuable tools for ~ of microwave circuits response to multi-tone spectra,” presented at the
complex nonlinear distortion prediction and evaluation. 29th European Microwave Conf., Munich, Germany, Oct. 1999.
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