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ABSI'RACT

The present paper outlines the characteristics of three
dif f erent methods for linear.i zi:ng mi crowave polrer
amplif iers. A comparative study is 'pregented ao that the
conclusion results can aid the designers in the choice of
the mos t adeiquate l inear Lzat ion method .

IITTRODUCTION

The evolution of dieital or single sideband microwave
radio s]rstems, aiming at a more eff icient use of the
frequency spectrum, F€sulted in more stringent requirements
for the linearity of the radio equipment, in partiiular for
the microwave power amplifierl . In order to reduce the
intermodulation distortion products generated by this
component, three approaches have been proposed in the
li terature, namely: the feedforward, the feedback and thepredistortion techniques. Application of these .-.proc€dures
have been extensivelv covered in the literature. l However,
the decision on which is the most adequate .method for a
spec if ic applica t ion is no.t readily clear f rom thesepublications. The purpose of this' paper is to briefly
present the basic principles of each system and to establish
a means of comparison between them.

DISTORTTON ANALYSTS

It is well known that an amplifier is nearly linear at
low input level . As the input level is Incieased, the non-
1 inearities become' important, especially the third orderproducts, in the case of narrow band amplifiers. Reduction
of the third order intermodulation distortion, IMD, can beobtained operating the amplifier at 8 to l0 dB belowsaturation with consequent loss of efficiency and reduced
porv'€tr capability. The purpose of a lineari zing system is to
minimi ze the IMD with the power amplifier operating at a
highe r out put po$/e r . The general principle is to cancel thegenerated intermodulation voltage A, at the power amplifieroutput, b}' another voltage-B of equal amplitude and opposite
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phase provided by the
not perfectly balanced
the output. In order
deviations from the

Defining
there resul ts
the dependence

sYQten.,' However, the real systeng areantl there alwaye remains a residue atto evaluate the effect of thesebalanced condltions r 6n improvementr t gaa 
-trtl

l::::1, ] ,_. a;lgrrbed br' equatigr r,--;;;-- be def ined by the
To:1:r*r:9 9ifference between the=fntermodutation amplitudesA and B at the output.

J = 20loe((e B)/A) (1)

a. exp( jb)
evaluat ing
the systemtotal phase and

of the distortion reduction on
magnitude errors.

a = cosb +/- sgrt((cosb)z -1 + 10(n/r0r )

This equa t ion can be used to derive the

the ratio B/lt as a complex numberequation 2, whlch can G used for

which relates the system imperfections in
wi th the improvement f actor as a paramete .- .

(2)

chart of
dB's andfigure 1

degrees

lt r {lll

Fie 1 - Deviation from the balanced conditions

THE FEEDFORT{ARD TECHNIQAN

In the block diagram represented in figure z, a mainampl-if ier has i ts input and output sisnals sampled,resuLtine from their difference, the intermodulition
p rodrrc t s . An aux i I iarv ampl if ie r is then used to bring theseproducts to a I evel compatible with the level of the main
amp I j-f j-er. Thev are then subtracted, resurting, Et theoutpttt. onlv the non-distorted signal . The delay iin"s t , Zhave trelen .int roduced to maintain the . time ' f ramecompatitrilitv. T'he design requires an analysis of thebalance condj-tions for the pLrfect canceltation of thef rrndamental f requencv components in the f irst loop, given b),
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equation 3,
second loop,

and of the
expreg.6ed by

Lnternodulat ion
equatLon 4.

products Ln the

Pie 2 Block diagram for

Szr( l,atsrr(2lSrl(3, + Srr
Szr(2)St2(4) + Srr(2tSrl(3

:l_----
1 - arbSz3(ll$31(2)

the Feedforward amplifier

(f lSr2t3l = 0
)brSr3r{l = 0

(3)
(4)

fn this s)'stem a special attention must be dedicated to
the output couplers since they affect the Po$rer required
from the main and the auxiliary amplifier. A tight coupling
introduces excessive loss in the main signal, while a loose
coupling overloads the auxiliary amplifier. Thus, a
compromise must be made. The effect of system errors on the
amplifier performance can be obtained by replacing A and B

from equation 1 by Ser(2tSrzttt and -Srt(2lSt3(3lbrSr3({}
respectively. Thus, the system will be effective as long as
the phase and amplitude of the ratio Bl A remain i'ithin the
range mentioned in the previous section for a given
bandwidth. Published results on this technique for a 1.5 V/
ZGHz amplifier, showed an improvement of 30 dB within a 2OO

MHz bandwidthz .

TNE FEEDBACK TECENIQUE

The improvement of an amplifier performance by means of
feedback at the expense of amplifier gain, is a common
practice at low frequencies. The same improvements can be
obtained at microwave frequencies if special dgsign
technigues are taken into consideration. It can be Shown
that the gain and intermodulation products are reduced by
the same factor given by equation 5. The confiSuration of a

typical microwave feedback amplifier is shown in figure 3.

K=
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Fig 3 Block diagram of a microrrave feedback anplifier

An important "t"p in the design is to guarantee that
K
freguency band if the phase shift does not deviate
excessively from the midband value, which is 1800 . Out of
this band the value of arbSz3(l)Srr(2t must be lower than 1

for stable operation. An estimative of the phase and
amplitude deviations in the amplifier performance can be
done by replacing A and B from equation 1 , by 1 and
arbSzs(l)913(2) respectivelyr r€sulting an offset of 180o
added to the degrees indicated in figure 1 . Assuming an IMD
reduction of 12 to 14 dB., which results in a gain ripple of
+/- 1 dB, it can be found from figure 1 that the loop gain
must remain in the range 10 to 12 dB and the phase variation
should not exceed + I - 25o . The main published results
employing this technique are: a narrow band amplifier at
10 .7 GHz operating in a wide temperature range ( -30" to
+70o) with an IMD improvement of 14 dB at + 30 dBm output
power3; an amplifier for the 3.4 to 4.2 GHz band presenting
an 8 dB improvement in the IMD at an out put por.re r of + 27
dBma .

TVE PREDI STORTION TECENIQUS

tn this technigue, a predistortion circuit precedes the
power amplifier. The general concept of a predistorter
consists in dividing the input signal in two paths, namely
the linear and non-linear paths, €ls shown in f igure. 4. A
perfect cancellation is possible when the amplifier and the
predistorter have,, eit the output, the same IMD but an
opposite 'phase, as in equation 6.

(1 + arb: /at) = 0 (6)

The non-linear path contains a distortion generator,
and the attenuator and phase shifter are adjusted for
perfect cancell'ation of the intermodulation voltage at the
output. The deviation from the balanced conditions can be
estimated by replacing the terms A and B from equation 1, by

217



n-lh.c Paf

llrrrr tclt

a3 and -at bl respectively. Now the ratio B/A depends on
f ewer componentE , meanr.ng it is easier to f ulf ill the
iequir"t"nis for a rea€onable cancellation of the
intermodulatLon Products .

blrl'bg

Fis 4 Block diagram of a predistorte'r

. Relevant published performance results
reduction of 1 0 dB for an amplifier operat'ng
and a back-off of 5 dB at 3.7 to 4,7 GHzs; a

dB minimum in the 500 MHz bandwidth for a
power amplifier operating at 8 dB back-off6

are: all IMD
at + 40.8 dBm

reduction of 7
+ 43 dBml6GHz

COMAENTS AND CONCLUSTONS

I t was shown in this paper t hat the performance of a

lineari zerf concerning the irrtermodulation reduction and
bandwidth. depends on t he rat i o B/A'

In the case of teetltorr"'ard, B/A suf f ers f rom the
influence of several c()r.lplers and of a considerable phase

shif t of the main amp l- i-f ie r f rom connec to r to connec tor .

Thus, the lineariz-,rtron of a given amplifier is teasible
;;l; in a narroh' Lrandwiclt tr. Hor./ever , wttert t he system is
baltnced, it is able to achieve a low irtt ermodulation
distortion. 1s electricall). s table , .rud rel.rtivell'
insensitive to temperature variation. lhis t)'pe of
linearizer requires a more cornp.l-ex circuit, is heavi-er and

consumes more power compared to other svstems. 'Ihis picture
mav change in the near future r.'ith the advent of Lhin-film
miniatur ized power amplit ier modules and of nrorlolithic
amplifiers. These coeponents at 6 GHz preseut f lat amplitude
response within a 2OZ bandwidth and delay in t-he order of
g. 5 c)'cles. Adding this pertormance to its smal l dimensions,
there is no doubt that an integrated desigrr, comprising such
amplif iers and. the lineari zin1, circuits. rvill overcome some

of its present drawbacks.
The feedback technique is less effective for reduc:ing

the intermodulation products since i t al so aftects the
svstem gain. However, it characteris tics I ike circuit
simplicitv, temperature stabilitV and conlpacteness are
considered, tt-r" i*"rlback approach is tar superior. Regarding
bandwidth. this technique can operate successfull' because
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