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A New Approach to Amplifier Linearization by the
Generalized Baseband Signal Injection Method

Chi-Shuen Leung and Kwok-Keung M. Chendember, IEEE

Abstract—This letter presents a new technique for the reduction
of third-order intermodulation distortion (IMD) in microwave V(@) Zs
amplifiers. Baseband predistortion signal is injected into a diode V(@) v, IC): L
circuitry and the main amplifier to mix with the fundamental to ’ o
generate a canceling signal for the suppression of the inherent V@)

IMD component. The proposed method can achieve higher

linearity performance, in comparison to the conventional differ- =
ence-frequency approach, and unlike many other techniques, no
RF circuitry, such as variable gain amplifiers and phase-shifters,

is needed other than baseband amplifiers. Both two-tone and
vector signal measurement results are included.

Fig. 1. Equivalent circuit for nonlinear analysis.

Index Terms—Amplifiers, baseband, linearization. "1,
&
—=atl]—
I. INTRODUCTION Ty

IRELESS communication systems have experienced
thenomenal growth in recent years. In order to ac-
commodate high data rate applications, spectral efficient
modulation schemes have to be adopted which poses a stringent
requirement on the linearity of RF amplifiers. In past years,
various linearization methods [1]-[4] have been studied that
offer different degree of performance at the expense of circuit s
complexity. Unfortunately, most of these methods require —4 —
costly and complex RF circuitry that are unacceptable for "2
mobile terminals. In this paper, a novel linearization scheme
utilizing the concept of generalized baseband signal injection
is introduced. Unlike the feedback and the feed-forward ap-
proaches, this technique is highly stable, power efficient, easy
to implement, and has little effect on amplifier gain. Fig. 2. Phasor diagram representation.

Conventional approach
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Proposed approach

Il. GENERALIZED BASEBAND INJECTION

. d
Fig. 1 shows the basic configuration of the conventional base- besn = [Cgswgs(t) + Cgs?ﬂ/gs(t)] )
band injection technique [6] by using a MESFET as the actiyg, .o Iri2s G
device. For the sake of analysis, only the gate and drain nQis ;s e gme

linearities of the MESFET are considered here. Note that theBy épplying the concept of Volterra theory and the method
linear part ofg;y, qndOgs is explicitly specified in the d'agfam' of nonlinear current [5], the third-order IMD component of the
whereas the drain-to-source conductance and capacitance @i8 it voltage at — 2w» — w; can simply be derived as seen

embedded inside the load network. Furthermore, it is assun]ﬁch)_(s) at the bottom of the next page, wherand 3 are
that the nonlinear drain and gate currents can be representeg(R¥ser functions between the corresponding nonlinear current

Taylor series expansion as source and load voltage;.; andv,, are the first- and second-
. order voltagesk and¢ are complex coefficients.
idsn = Gm2v2(8) + gmavda(t) 6 I : -
dsn = Im2Ugs Im3Vgs Fig. 2(a) illustrates the phasor representation of (3). Note that
the amplitude of;; can be made variable under the control of the
. . . _ irly'ected baseband signaj,.; (w> — w1 ). These results suggest
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Cgs2, and Cyez are bias-dependent coeffi-
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solution to this problem is to introduce an additional canceling P out/dBm

s!gnal (U?’) to the circuit as shown in Flg. Z(b)' N(_)te that thlﬁzig. 4. Two-tone test results (with and without linearization).
signal can be generated externally by using a nonlinear diode (to

be explained in the next section). As a resulthow represents
the combined distortion signal generated by the main amplifi
as well as the diode circuit. In theory, both the phase and am
tude of the combined canceling sigrial + v3) may be varied

independently by the control of the two baseband components;,, — . ¢,
Consequently, by neglecting any higher order mixing products,.
the third-order IMD component may be eliminated entirely (i.e., i3 = 920p1(W2)up1(wz = wi) + g2up1(W2)up2 (w2, —w1)

where g1, g2, and g3 are bias dependent coefficients. Subse-
uently, the third-order IMD component of the output voltage
tw = 2w, — wy is simply given by

1
v1 + w2 + w3 = 0) by adjusting the strength and polarity (either + §QQUD1(—W1)UD2(UJQ, wa)
0° or 180) of the baseband signals injected into the main am-
plifier and the diode circuitry. + Zggvm(wz)le(wQ)le(—wl) (7)

where~ is the transfer function between the diode current and
the load voltage. Note that the magnitude;pfnay be adjusted
by controlling the strength afpy(ws — w1 ).

lll. D1ODE PREDISTORTIONCIRCUIT

IV. EXPERIMENT AND RESULTS
As mentioned before, an additional canceling sigrg) is

required for the ultimate suppression of the IMD component an
this signal can be produced by Schottky diode. Under the f

dFig. 3 shows the configuration used for the experimental
emonstration of the proposed scheme. MESFET CFY30 from

ward-biased condition, the IMD products generated by the norqjlneon Technologies was chosen for constructing the main

linear resistance are dominating and the effect of the junctigﬂmlmer' Schottky diode .SMS.7621. fro_m AIph_a Indystnes
s chosen for the pre-distortion circuit. The insertion loss

it therefore be neglected in the analysis. Herf¢&: > pre-distortio
fr?epf_c \Ifi?:;erarz; );i sti?:rse o?‘rt?\ e%ir(‘fj%i(;re] blenm Oed:lré%);ssls © introduced by the diode circuitry is found to be less than 2 dB.
The amplifying system is designed to operate at approximately

2 GHz. A simple MESFET circuit, operating near pinch-off, is

ip = g1Up + Gavh + gav (6) employed for generation of the injection baseband signal. The

v (2wr — w1) = @ - dgea(wa, wa, —w1) + F - tuss(wa, wa, —wr)
=K Vgar(we —w1) +¢&
=wv1 +v2 €)
) ) CgISQUgsl (CUQ)Ugsl(CUQ - CU1) + CngUgsl(WQ)ngQ(w% _wl)
igsa(wa, w2, —w1) = j (2w —w1) X  +5 Cgsavgs1 (—w1)vgs2 (w2, w2) (4)
+chs3vgsl (WQ)Ugsl (WQ)Ugsl (_wl)

. 1
tds3(Wa, W2, —W1) = Gm2Vgs1 (W2)Vgs1 (W2 — W1) + Gm2vgs1 (W2)Vgs2 (W2, —w1) + = Gm2Ves1 (—wi1)Vgs2 (w2, w2)

2

+ Zgrnlﬂ/gsl (w2)vgsl (w2)vgsl(_wl) (5)



338 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 12, NO. 9, SEPTEMBER 2002

&n I [0 R -
= = S = =

Output Spectrum / dBm

=)
=1

]
]

0 I i i i i L i
Center 2GHz, span 1.8MHz

10

Output Spectrum / dBm
& b da LX) o
= =] = = =

&
=

Center 2GHz, span 1.8MHz
(b)

third order IMD level as the output power is varied. The system
is optimized for minimum IMD3 at an output power of 6 dBm
per tone. The diagram indicates that the proposed scheme can
offer substantial IMD improvement over a wide range of oper-
ating power level. For the vector signal test, standard PHS signal
is employed. Fig. 5 shows the IMD performance of an amplifier
using both low power and medium power devices, operating at
different saturation levels. In both cases, a reduction in adja-
cent channel power ratio (ACPR) of almost 15 dB is observed.
For the medium power amplifier, higher adjacent channel power
is found due to the increasing level of fifth-order mixing prod-
ucts at deep saturation. For wideband operation, this scheme is
mainly limited by the group delay associated with the matching
network and the phase delay introduced by the baseband cir-
cuitry. Effect of group delay can be minimized by the careful
design of the matching circuits, whereas phase delay may be
compensated using wideband operational amplifiers.

V. CONCLUSION

A novel linearization technique for microwave amplifiers
based on generalized baseband signal injection is presented.
A substantial amount of reduction in third-order IMD has
been demonstrated experimentally. The new scheme is easily
amendable to integrated circuit implementation.
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