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Baseband Impedance and Linearization
of FET Circuits
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Abstract—Baseband impedance has been identified as having a
positive or negative effect on the intermodulation distortion of mi-
crowave circuits. The effect can be assessed or utilized with theaid
of previously proposed figures-of-merit. Under certain situations,
intermodulation cancellation can be achieved simply by addingre-
sistancetothebiasnetwork. Theimpact of baseband impedanceon
the performance of derivative super position amplifier sisanalyzed.
A bias region was studied that exhibits a good second- and third-
order intermodulation null with minimal intermodulation depen-
dence on baseband impedance. This allows the effective use of the
derivative superposition technique in baseband amplifiers, aswell
as giving wide-band linearization performance in RF amplifiers.

Index Terms—Field-effect transistor (FET) amplifiers,
harmonic distortion, impedance, intermodulation distortion,
linearization, memory effects.

I. INTRODUCTION

ODERN communications systems are using wide band-

widths, necessitating the efficient use of the available
spectrum. Thus, thereisincreasing demand for wide-band linear
amplifiers for use in transmitters and receivers. It is desirable
that high linearity be achieved with minimal circuit complexity,
power usage, and cost, especially in the growing mobile device
market.

A number of circuit-level methods have been developed to
meet these needs. These include terminating impedance opti-
mization [1], predistortion [2], second-order distortion injection
[3], and derivative superposition [4].

A fundamental obstacle to developing amplifiers that are
highly linear over wide bandwidthsis caused by long time-con-
stant memory effects. These effects cause the distortion levels
to change depending on the bandwidth of the signal being
amplified. They can be clearly observed by measuring two-tone
intermodulation over varying tone spacing. While the above
linearization methods can be effective at small bandwidths,
their performance often rapidly degrades as the signa band-
width increases [5].

Memory effects are caused by both device and circuit mech-
anisms. This study concentrates on memory effects caused by
baseband impedance. Bias networksin microwave circuitsarea
common cause of baseband impedance change with frequency.
It has been shown that baseband impedance can cause asym-
metry in intermodulation levels under certain conditions [6],
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and that it can cause the intermodulation levels to change with
varying tone spacing [7].

Previously, we have shown that afield-effect transistor (FET)
can be biased such that the baseband impedance has little ef-
fect on intermodulation and, hence, memoryless predistortion
linearization can be effective over wide bandwidths[8]. A sum-
mary of the relevant results from [7] and [8] is given in Sec-
tion I1. Throughout this study, the analysis and measurements
concern circuits with low signal levels so that the distortion can
be described by weakly nonlinear behavior. In Section 1ll, a
method to linearize an FET amplifier at certain biases, simply
by changing the baseband impedance, is devel oped. Section IV
analyzes the effects of baseband impedance on derivative su-
perposition amplifiers and proposes a method to find a bias that
reduces the effects. This is shown to be important in two appli-
cations: low-distortion baseband amplifiers and RF amplifiers
requiring linearity over wide bandwidths.

Il. INTERMODULATION MODEL

An analysis has been previously developed to predict the ef-
fects of baseband impedance on intermodulation [7]. Thisanal-
ysisis valid for an FET in the common-source configuration
with atwo-tone input signal, where the impedance presented to
thedrain of the FET is Z(w). It isassumed that the input signal
is small enough that distortion terms above third order can be
neglected. In addition, we assume that the frequencies are such
that the distortion can be adequately modeled by considering
only the nonlinear drain current. The results from the analysis
are summarized and devel oped in this section for completeness.

In [7], the drain current is described by a two-dimensional
Taylor series

iq = Gy + Gaua + Gmgvg + Gravgva + Ga2v] + Gm:ﬂ/g
+Gn12dvgvd + GnldQUgUZ + Gd3vg' (l)

Suppose that v, is a two-tone signal, the magnitude of each
tone being V;, so that
Awt
2. @

The magnitude of the first-order component of the output
voltage at the fundamental frequenciesis

vy = 2V, cos(w.t) cos <

le = - V;GrnZo(wc) (3)
where
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Zy(w) = — 24)

T 14 GaZa(w) @

is the drain conductance in parallel with the drain termination
and GG,,, and GG are the first-order transconductance and drain
conductance, respectively.

The magnitude of the third-order output voltage at the inter-
modulation frequenciesis

Vaz = VS?’ZO(wC)(coZO(Aw) 4+ + 62Z0(2wc)) (5)
where ¢g, ¢1, and ¢y are defined in [7] and reproduced in the
Appendix. They depend on the impedance at the fundamental
frequency only, and change with bias because they involve the
nine coefficients of the nonlinear drain current (1).

The intermodulation depends not only on the fundamental
frequency drainimpedance, but al so on the baseband and second
harmonic drain impedance, as seen in the terms ¢ Z, (Aw) and
c2Z,(2w.) in (5). The equation is valid for any frequency-de-
pendent drain impedance.

Two figures-of-merit have been proposed in [8] for selection
of a device and bias based on distortion performance. These
figures-of-merit are an assessment of the intermodulation level
and the effect of baseband impedance on intermodul ation. They
model the low-frequency behavior of a device accurately, and
have been previously shown to predict the overal trends of
the intermodulation at high frequencies as well. They are very
useful when computed over a range of biases.

The first figure-of-merit, i.e., IM3, is the intermodulation
level relative to the fundamental level (dBc) with zero baseband
drain termination (Z;(Aw) = 0, typical for LC bias networks
at small tone spacings). With reference to (3) and (5), this
quantity is

(cl + CQZO(ZUJC))

IM3 = 20log e

V2 (6)

l dBc.

The second figure-of-merit, i.e., AIM3, gives an indication
of the intermodulation change that occurs when the baseband
impedance changesfrom zero to some other value Z;,. Theequa-
tion for thisis

Zy Co
(1+GuZy) (e1 + 2 Z,(2w,)

AIM3 = 20log

) + 1| dB

(7
where Z, is the nominal load, which, for this study, is 50 €.
Thus, for typical LC bias networks, AIM3 indicates the change
in the intermodulation levels as the baseband impedance
changes from 0 ©2 at small tone spacings to the load impedance
a large tone spacings. These figures-of-merit can be found
by simulation using (6) and (7) or by measurement, as will be
discussed in Section 1V-B.

This study uses Agilent ATF-35143 packaged pseudomor-
phic high electron-mobility transistors (0 HEMTs), which have
a threshold voltage of approximately —0.7 V. The coefficients
of nonlinear drain current (1) were extracted using a method
similar to that in [9]. The figures-of-merit for a typical device
are shown in Fig. 1, which were calculated using (6) and (7).
The characteristic intermodulation null isat Vo ~ —0.6 V. At
this point, there is also large intermodulation susceptibility to
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Fig. 1. Predicted figures-of-merit [(6) and (7)] verses gate bias for an
ATF-35143 pHEMT with Vp = 2 V and Zg(w.) = 50 Q. The lower
tone is at 50 MHz and the input signal has a peak voltage of V, = 0.1 V.
(@ IM3—intermodulation with Z4(Aw) = 0. (b) AIM3—change in
intermodulation when Z ;( Aw) changes from 0 to 50 €2.

baseband impedance, as explained in [8]. The small disconti-
nuity near Vi ~ —0.3 V isdueto harmonic distortion from the
signal generators used in characterization, not to the device.

I1l. BASEBAND IMPEDANCE LINEARIZATION

Itisclear from Fig. 1(b) that, at certain biases, the intermod-
ulation levels will be lower if the baseband drain impedance
is nonzero. Thus, the common practice of setting the baseband
impedance in power amplifiers to zero is not always optimal.
This has aso been observed in [10]. The optimum baseband
impedance Zy(Aw) = 7, can be found by solving

c0Zo(Aw) + ¢ + c2Z,(2w.) =0 (8)

from (5), where Z, isgiven interms of Z,; in (4). Thisyields

Cy +CQZO(2CUC) ) (9)

Z =—
bopt <CO + Gd(cl + CQZO (2wc))

Over most gate biases, the value for Z;,, that cancels the
intermodulation is negative and, hence, this technique is not
useful. However, in the regions where AIM3 is large and
negative (typically just above pinchoff), the optimum baseband
impedance is positive and, thus, it would be expected that
significant intermodulation cancellation can be achieved at
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Fig. 2. Baseband impedance for intermodulation cancellation Z,,
typical ATF-35143 pHEMT withVp = 2 V.
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these biases. Any imaginary component in the fundamental
or second harmonic drain impedances will decrease the level
and bandwidth of intermodulation cancellation. The baseband
impedance can be varied by adding a series resistance to the
inductor that suppliesthe drain bias. Thiswill not alter the gain
of the amplifier. A graph showing the optimum Z;_ . over the
useful bias range is shown in Fig. 2.

At Vo = —0.68 V, the optimum baseband impedance
is 320 . The intermodulation levels with this baseband
impedance and those with zero baseband impedance are
compared in Fig. 3(a). It can be seen that over 20 dB of
linearization has been achieved. However, this rapidly degrades
as the tone spacing increases because the baseband impedance
changesfrom 320 §2 at small tone spacingsto 50 €2 at large tone
spacings. Hence, this technique can be useful for amplifiers of
small bandwidth signals, where the baseband impedance will
not change over the required bandwidth.

There is a bias where 7, = 50 2, somewhere between
Ve = —0.63 and —0.62 V for the devicein Fig. 2. A bias net-
work can be designed such that the impedance from baseband
up to RF frequencies is constant. That is, the impedance at the
drain will be 50 2 over all frequencies. Thisis achieved using
an LC bias network, with a 50-(2 resistor in series with the in-
ductor and the capacitance set to C = L/R2.

The intermodulation levels with the constant 50-2 net-
work are shown in Fig. 3(b). The optimum gate bias with
Zq4(w) = 50 2 was adjusted while monitoring the IM3 levels.
Over 15 dB of improvement is obtained compared to the levels
with Z;(0) = 0. Thelinearized intermodul ation characteristics
are relatively constant over a wide bandwidth because the load
impedance is constant from baseband to RF. This technique
could also be useful in baseband amplifiers, where the base-
band impedance is equal to the carrier-frequency impedance.
A limitation of this technique is that cancellation depends
critically on the bias point. For example, the linearization may
be negligible if the gate bias changes over 10 mV, as implied
by Fig. 1(a). It may be possible to make this technique robust
by using adaptive bias control.

IV. DERIVATIVE SUPERPOSITION

The derivative superposition amplifier has emerged as a
useful linearization technique [4]. It is conceptualy simple,
requires no complex circuit tuning techniques, does not involve
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Fig. 3. Measured baseband impedance linearization of a pHEMT amplifier
with Vp = 2V and Z(w.) = 50 Q. The lower tone is at 50 MHz and the
input signal hasapeak voltageof V, = 0.1V.(a) Ve = —0.68 V, Z,(Aw) =
320 Q for small Aw, 50 forlarge Aw. (b) Ve = —0.62V, Z4(Aw) = 508
for all w.

a significant increase in circuit complexity, and achieves good
performance. The analysis and results presented here considers
al the terms in the drain current (1) for an understanding of
how baseband, second harmonic, and fundamental-frequency
impedance will affect the performance of derivative superposi-
tion amplifiers.

A. Derivative Superposition Amplifier Intermodulation

The circuit diagram of atypical derivative superposition am-
plifier is shown in Fig. 4. At low frequencies, a two-transistor
amplifier can be represented by the equivalent circuit in Fig. 5.
Each FET is represented by a two-port voltage-controlled cur-
rent source. Each current source can be modeled by a Taylor
series, asin (1). However, the transistors have different biases
so the Taylor-series coefficients will be different for each tran-
sistor. If the drain current of the first transistor is 741, and that
of the second is 742, the total drain current is

tg =tq1 + ta2
= (Gml + sz) Vg + (Gdl + Gdz) Vd
+ (G2, + G2, )02 + (Giny + Gins ) Vga
+ (Gaz, + Gaz,) V3 + (Gmz, + Gms, ) V2
+ (Gmzdy + Gmaa,) vg?vd + (Graz, + Gmaz, ) Vg3
+ (Gas, + Gaz,) V3. (10)
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Fig. 4. Derivative superposition amplifier.
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Fig. 5. Low-frequency equivalent circuit of a derivative superposition
amplifier.
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Thus, the intermodulation analysis of a derivative superposi-
tionisthe sameasthat of asingle FET amplifier, aspresented in
[7], except that each coefficient in the Taylor-series expansion
of the drain current is replaced by the sum of that coefficient
in the first and second transistor. Therefore, to analyze the in-
termodulation distortion of a derivative superposition amplifier,
(5) isvalid, provided the above substitutions are performed. The
coefficientscg, c1, and ¢ are now two-dimensional functions of
bias, as they depend on the bias of two transistors.

An important consequence of the fact that a derivative su-
perposition amplifier's intermodulation can be modeled with
(5) concerns complex drain impedances. If the impedance pre-
sented to the drain of the device (including the effect of the
drain—source capacitance) has a significant imaginary compo-
nent at the fundamental frequency, the effectiveness of the in-
termodulation cancellation will be reduced. This is because the
real and imaginary parts of (5) may not be zero at the same bias.
It might be expected that conjugate matching will eliminate this
problem because the imaginary terms in the drain impedance
are cancelled. However, if ¢; isnot negligible (asisthe case for
a conventionally biased amplifier), the drain impedance must
be real at the fundamental and second harmonic frequencies.
Therefore, careful design of the matching network at the drain
of the device isrequired at high frequencies.

If only the transconductance terms (G,,,, Gin2, and G,,3) of
the drain current model are considered, then c; in (5) simplifies
t0 Gz = Gz, + Gims, - Inaddition, c¢o = ¢z = 0 (see Ap-
pendix). In this case, there are no baseband impedance effects,
and the optimum biases for the transistors are simply those that
give G,,3, + Gs, ~ 0 over the greatest range of gate volt-
ages, which gives a wide intermodulation null. However, in a
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Fig. 6. Measured figures-of-merit verses primary gate bias and bias
separation for a derivative superposition amplifier with Vp = 2 V and
Z4(w.) = 50 Q. The lower toneis at 50 MHz and the input signal has a peak
voltage of V, = 0.11 V. (a) IM3—intermodulation (dBc) with Z,(Aw) = 0.
(b) AIM3—change in intermodulation (dB) when Z,(Aw) changes from 0
to 50 Q2.

real device, the crossand conductancetermsin the drain current
are significant. They cannot be neglected if an understanding of
how the intermodulation will change with drain impedance at
fundamental, baseband, and second-harmonic frequenciesisre-
quired.

A typical derivative superposition amplifier is implemented
with the two transistors biased on opposite sides of the
third-order intermodulation (IM3) null in Fig. 1(a). This will
give a wider intermodulation null because the sign of the
intermodulation is different on either side of the null [4].
However, the second-order terms are large and positive on
both sides of the null. Thus, the IM3 cancellation is at the
expense of increased second-order distortion. This is usualy
not considered to be a problem when second-order products
are out-of-band. However, ¢ is dependent on the second-order
terms and, thus, it will be large. Therefore, for atypical deriva
tive superposition amplifier, the intermodulation will change
markedly with changes in the baseband impedance. This limits
the bandwidth of effective linearization. A technique to solve
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Fig. 7. Measured figures-of-merit for the conventionally biased derivative
superposition amplifier under the same conditions as Fig. 6. The derivative
superposition resultisat Vsgp = 0.3 V and the single transistor result has the
second transistor pinched off at Vg = 1.5 V. (8) IM3 and IM2. (b) AIM3.

this problem, explored below, involves biasing the devices to
cancel second- and third-order distortion simultaneously.

B. Characterizing a Derivative Superposition Amplifier

A derivative superposition amplifier using two ATF-35143
pHEM Tswas constructed. The bias network was designed with
impedance at 10 kHz close to 0 €2, and impedance at 20 MHz
approximately 50 €2. This allowed the measurement of the two
figures-of-merit, i.e., IM3 and AIM3. IM3 is simply the inter-
modulation distortion with a tone spacing of 10 kHz, where
thereis negligible baseband impedance. AIM3 isthe difference
between the distortion at a tone spacing of 20 MHz and that
at 10 kHz, which is the difference between the distortion for a
baseband impedance of 50 and 0 €2. Thelower tonewas 50 MHz
and input tone peak voltages were 0.11 V.

In this case, IM3 and AIM3 are two-dimensional functions
because they depend on the biases of two devices. They are
plotted against the gate bias of the primary device V1 on one
axis, and the difference between the biases of the primary and
secondary device Vsgp = Vo1 — Vg2 ontheother axis, asshown
inFig. 6.

In Fig. 6(a), the null at V; = —0.6 V is observed when the
second transistor iswell into pinchoff (Vg2 < —1V or Vggp >
0.4 V) so that the amplifier is essentialy operating as a single-
transistor amplifier. This corresponds to the null at this bias for
asingle transistor, as shown in Fig. 1. The baseband impedance
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Fig. 8. Measured figures-of-merit for the low AIMS3 biased derivative
superposition amplifier under the same conditions as Fig. 6. The derivative
superpositionresultisat Vsgp = 0.65 V and the single transistor result hasthe
second transistor pinched off at Vg = 1.5 V. (8) IM3 and IM2. (b) AIMS3.

susceptibility islargein this region, as evidenced by significant
AIM3.

As the second transistor comes out of pinchoff, the typical
derivative superposition action starts to occur. When the pri-
mary gate biasisat Vg1 = —0.5 V and the voltage separation
isVsgp = 0.3 V(Vg2 = —0.8 V), thereis a >150-mV-wide
null, as seen in Fig. 6(a). The distortion of the single transistor
amplifier (with the second transistor pinched off) and the dis-
tortion of the derivative superposition amplifier with constant
bias voltage separation of 0.3V, are compared in Fig. 7(a). This
is the conventional bias where a derivative superposition am-
plifier would normally be operated. However, AIM3 islargein
thisregion, as seen in Fig. 7(b), thus, baseband impedance sus-
ceptibility will be high. The significant AIM3 in the vicinity of
the null can be explained by the large second-order distortionin
thisregion, as shown in Fig. 7(a), remembering that AIM3 de-
pends on ¢y, which depends on second-order nonlinearity. Thus,
this bias will not be good for amplifiers requiring linearity for
wide-bandwidth signals with conventional bias networks.

However, this is not the only bias where a wide intermodu-
lation null is achieved. Fig. 6(a) shows that there is awide null
along the diagonal line Vsgp = Vg1 + 0.75, (Ve = —0.75).
Thus, if the secondary transistor has a gate bias of —0.75 V,
there will be a null in the intermodulation characteristics for
any Vg1 > —0.5 V. It can aso be seen that ATM3 is smaller
for higher V1. Thisis a consequence of the fact that thereisa
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TABLE |
COEFFICIENTS OF NONLINEAR DRAIN CURRENT FOR THE ATF-35143 pHEMT WITH Vp = 2 V. THE COEFFICIENTS FOR BOTH THE CONVENTIONAL

(Ver = =05V, Vsgp = 0.3 V) AND Low AIM3 (Vo1 = —0.1V, Vige = 0.65 V) BIAS ARE SHOWN
Bias z Ve G, Gq, Gro, Gmd, Gdaz, Gms, Gmad, Gma, Gus,

Vor=-05]1 -05] 78m 40m 130m 15m 0.10m -130m -19m -2.2m  0.025m

Vepp =103 [2 <08 | 44m 0.15m 22m 2.4m 0.09m 140m 2Im  0.96m -0.025m

Ve1=-011]1 -01 |120m 7.1m 18m 3.5m -1.0m -260m -49m -0.72m 0.42m

Vsgp=06512 -075| 97m 03lm 55m 5.8m 0.16m 260m 38m 1.5m  -0.027m
sign reversal in the second-order terms in (1) at higher gate bi- 20 T Lower IMD
ases. The secondary transistor isbiased near pinchoff where the Single Transistor +_ Upper IMD
second- and third-order distortion have a positive sign. The pri- 30
mary transistor is biased beyond the point where the sign of the ;§ taa é ........ S,
second-order terms change sign so that second- and third-order = frtia..
distortion of this transistor have a negative sign. Therefore, it £ 40 g TRRTTErexaa L,
ispossibleto cancel second- and third-order distortion simulta- ; Derivativ R

. A crivative Superposition
neously and, hence, the baseband impedance effects and inter- Z s
modulation levels are minimized.
A diceof Fig. 6 a Vsgp = 0.65 V isshown in Fig. 8. There
isagood null near V1 = —0.1 V, though not quite as wide as -60
that seenin Fig. 7. However, AIM3 ismuch smaller at thishigh 10° 10’ 109
gate bias so thereisless baseband impedance susceptibility. This Center Frequency (H7)
can be understood by noting that the derivative superposition (a)
nulls the third- and second-order distortion at this bias, as seen -40
in Fig. 8(a). In addition, a greater degree of IM3 cancellation Ttxseafi ey et taaa g
was observed in the null. Although this bias draws more drain i
current, it has more gain and lower intermodulation and, hence, = Single Transistor v Lower IMD
the third-order intercept I1P3 is higher. Thus, the ratio of 1P3 < Upper IMD
to power consumption is similar for both biases, although the £ -60 |, o
low AIMS3 bias had anarrower null. The 1-dB saturation power = . .
o . ) . s a T e e LT
is dlightly improved over a single transistor amplifier for both = T, I
biases. = -70 % v"""'v'v -‘ R
The coefficients of nonlinear drain current (10) for both the Derivative Superposition .
conventional and low AIMS3 bias are shown in Table |. These 80
were extracted using a method similar to that in [9]. It can be 10° 107 108
seen that, for both the bias conditions, the third-order terms will Center Frequency (Hz)
be reduced. It is possibleto cal culate that ¢, will belargefor the (b)
conventional bias, and small for thelow AIM3 bias. Thisshows ) e .
Fig.9. Intermodulation levelsof the baseband amplifier withV, = 2V, input

that the theory correctly predicts that the baseband impedance
effects will be smaller for the low AIM3 bias.

C. Baseband Amplifier

A baseband amplifier accommodates signals ranging from
near dc up to high frequencies. Apart from amplifying base-
band signals, they have applications as ADC preamplifiers and
ascabletelevision boosters. A key feature of theseamplifiers, of
relevance to their distortion performance, is that second-order
products at difference frequencies are likely to fall inside the
passband of the amplifier. Therefore, the baseband impedance
isnot 0 €2, but isusualy equal to the load impedance.

This has an important consequence if the derivative super-
position technique is to be employed in a baseband amplifier.
The conventional bias region for derivative superposition am-
plifiers that gives a wide IM3 null, as shown in Fig. 7, has a
large and positive AIM3. Thisindicatesthat when the baseband
impedance equal sthe load impedance, theintermodul ation level
indicated by the figure-of-merit IM3 will be changed in accor-
dance with the figure-of-merit AIM3. Thus, the null will almost

levelsof V, = 0.11V, and 50-2 load. (a) Conventional derivative superposition
bias(Va1r = —0.5, Vsep = 0.3). (b) Low AIM3 bias(Vg1 = —0.1, Vsgp =
0.65).

completely disappear in this case and the linearity will not be
substantially improved. This prediction was confirmed by mea-
surement.

A solution to this problemisto biasin the region where there
is still a good IM3 null, but where AIM3 is small so that the
baseband impedance has little effect. Thisisthe situation previ-
oudly referred to in Fig. 8.

The circuit of the baseband amplifier was as shown in Fig. 4.
The linearization performance when the amplifier is biased in
the high ATM3 region and the low ATMS3 region are compared
inFig. 9. Theamplifier has a bandwidth of 300 kHz to 100 MHz
with lessthan 1-dB variation in gain. The lower frequency limit
can be extended by lowering the corner frequency of the bias
networks or by using dc coupling.

The IM3 reduction when the amplifier is biased in the com-
monly used region with high ATM3 [see Fig. 9(a)] is less than
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Fig. 10. Intermodulation levels of the 900-MHz amplifier with Vi, = 2 V
and tone input levelsof V, = 0.9 V. (a) Conventional derivative superposition
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7 dB. When the amplifier is biased in the low AIM3 region
[see Fig. 9(b)], the IM3 reduction is greater than 14 dB over
the whole band.

D. RF Amplifier

A 900-MHz derivative superposition amplifier was con-
structed. The circuit was similar to Fig. 4, except that an input
matching network was added. Thisamplifier isused toillustrate
the effects of baseband impedance on intermodulation in band-
pass derivative superposition amplifiers. An LC bias network
was used at the outputs of the devices. The intermodulation
levels were measured with varying Vi;; and Vggp to produce
graphsfor IM3 and AIM3 similar to thosein Fig. 6. From these
graphs, two biases were selected for testing the intermodul ation
levels with varying tone spacing.

The first bias used is the conventional bias, giving a broad
null, but with a high susceptance to baseband impedance ef-
fects, asillustrated for the 50-MHz amplifier in Fig. 7. The re-
sulting intermodulation level s versus tone spacing are shown in
Fig. 10(a). Theimprovement in intermodulation levels by using
derivative superposition over a single transistor circuit is better
than 10 dB for small bandwidth signals. However, the improve-
ment rapidly degrades for bandwidths greater than afew mega-
hertz due to the changing baseband impedance. At bandwidths
greater than 20 MHz, the improvement is less than 5 dB. The
rise in intermodulation levels at small tone spacings is thought
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to be due to device-level mechanisms such as thermal or trap-
ping effects.

The second bias used is the low AIM3 bias, where the pri-
mary transistor hasahigher gate voltage so that the second-order
terms in the IM3 are small, as demonstrated in the situation
shown in Fig. 8. The intermodulation levels over tone spacing
are far less variable at this bias, as seen in Fig. 10(b). The im-
provement inintermodul ation is better than 12 dB, over themea-
sured tone spacing, out to 100 MHz. Thisrepresentsavery wide
bandwidth of linearization for a 900-MHz amplifier.

V. CONCLUSION

The distortion of FET amplifiers is often sensitive to the
impedance presented to the drain of the device at baseband
frequencies. This fact has been used to linearize a single-FET
amplifier simply by selecting a suitable baseband impedance.
The effects of baseband impedance on derivative superposition
amplifiers have been studied, and a bias has been found
where there is both a good intermodulation null and little
dependence of the distortion on baseband impedance. This
was shown to be crucia to the successful application of the
derivative superposition technique to baseband amplifiers. A
900-MHz derivative superposition amplifier was used to verify
the baseband impedance effects, showing the improvement in
linearization bandwidth that can be achieved by selecting a
suitable bias.

APPENDIX

The coefficients in the intermodulation (5) are as follows
from [7]:

1 1
co = 5 <Gmg =+ QGmd(A =+ A*) =+ GdQAA*>
: (Grnd + 2Gd2A) (11)
3 1
i = — — <Grn3 + _Gn12d(2A + A*)
4 3
1
+ gGmdg(2AA* + A% + GdgAQA*> (12)
1
=y (Gmz2 + GmaA + G2 A%) (G + 2Ga2A™)  (13)
where A = —G,,Z,(w,.) is the gain at the fundamental fre-
quency.
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