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In a feed-forward ampli?er a signal poWer dynamic range 
compressing circuit for compressing the poWer dynamic 

6150 (11)) range of the input signal to the feed-forward ampli?er is 
provided in a distortion detecting loop at the input side of a 

(21) Appl, No,: 09/854,476 main ampli?er, and the output backoff of the main ampli?er 
is reduced to thereby achieve high-efficiency ampli?cation 
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FEED-FORWARD AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a feed-forWard 
ampli?er that is used mainly for high-frequency power 
ampli?cation in multi-carrier radio communications and a 
high-ef?ciency poWer amplifying method using the feed 
forWard ampli?er. 

[0002] Recently multi-carrier radio communication 
schemes are Widespread Which permit high-speed transmis 
sion through the use of plural narroW-band carriers. As 
compared With a single-carrier communication, the multi 
carrier transmission is less susceptible to fading or some 
other in?uences of propagation path variations, and hence it 
is more robust against delayed Waves. Furthermore, the 
multi-carrier radio communication Which use plural narroW 
band carriers possesses the advantages of simplifying radio 
circuitry and relaxing the requirements imposed on the radio 
circuit used. 

[0003] The multi-carrier radio communication schemes, 
Which are advantageous for high-speed transmission as 
mentioned above, have been practiced in microWave com 
munications and a multi-channel access system. 

[0004] In recent years there has been proposed an OFDM 
(Orthogonal Frequency Division Multiplexing) radio com 
munication scheme intended for high-speed transmission in 
the microWave band. In the ?eld of broadcasting the appli 
cation of the OFDM system to the next-generation digital 
television is noW under study. 

[0005] These multi-carrier radio communication schemes 
contain various features, but they have such problems as an 
increase in out-of-band leakage poWer due to intermodula 
tion distortion by transmitters and the occurrence of 
intersymbol interference. The intermodulation distortion by 
transmitters occurs, for example, in a frequency converter or 
poWer ampli?er. In particular, the in?uence of the nonlin 
earity of the poWer ampli?er is serious. In this reason, the 
multi-carrier radio communication is indispensable of linear 
poWer ampli?cation. As a linear poWer ampli?er, a feed 
forWard ampli?er is Well-knoWn as a poWer ampli?er 
capable of removing the nonlinear distortion. The feed 
forWard ampli?er consists of a distortion detecting loop 
containing a main ampli?er and a distortion canceling loop 
containing an auxiliary ampli?er. 

[0006] In general, simultaneous ampli?cation of tWo or 
more carriers by a poWer ampli?er Will generate the inter 
modulation distortion unless the output backoff of the poWer 
ampli?er is provided corresponding to PAPR (Peak-to 
Average PoWer Ratio). Accordingly, the poWer ampli?er 
needs to be suf?ciently high in its saturation output poWer as 
compared With the average poWer of the output signal; this 
degrades the ampli?cation ef?ciency. The same is true of the 
main ampli?er in the feed-forWard ampli?er. 

[0007] The efficiency of the main ampli?er can be 
enhanced by means of a push-pull circuit of Class-B bias 
condition or the like. The nonlinear distortion by the main 
ampli?er can be compensated for by a conventional feed 
forWard ampli?er. According to, for instance, literature 
(Toshio NOJIMA and Shoichi NARAHASI, “Extremely 
LoW-Distortion Multi-Carrier Ampli?er for Mobile Com 
munication Systems,” Technical Report of IEICEJ Radio 
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Communication System Study Group, RCS90-4, 1990), in 
the case Where the saturation output of the main ampli?er is 
100 W, the saturation output of the auxiliary ampli?er is Vs 
that of the main ampli?er. GaAs-MESFETs (Metal Semi 
conductor Field Effect Transistors) are used as semiconduc 
tor amplifying elements of the main and auxiliary ampli?ers. 
If the drain voltage and current of the MESFET of the main 
ampli?er and auxiliary ampli?er operated on 1.5-GHZ band 
are 12 V, 20 A, and 12V, 5A respectively, the drain ef?ciency 
of the feed-forWard ampli?er is about 5% or beloW under the 
Class-A bias condition. By using a Class-B push-pull ampli 
?er or similar high-ef?ciency ampli?er circuit and a Class-A 
ampli?er circuit as the main ampli?er and the auxiliary 
ampli?er of the feed-forWard ampli?er, respectively, it is 
possible to obtain a drain ef?ciency of approximately 10% 
or beloW. 

[0008] Moreover, enhancement of the poWer efficiency of 
the feed-forWard ampli?er requires further improvement of 
the drain ef?ciency of the main ampli?er. As a method for 
performing high-ef?ciency ampli?cation While achieving 
linear ampli?cation, there has been proposed a method using 
a drain voltage control scheme (Koji CHIBA, Toshio 
NOJIMA and Shigeru TOMISATO, “Bi-Directional Feed 
ForWard Drain-Voltage-Controlled Ampli?er (BDF 
DVCA)”, Technical Report of IEICEJ Radio Communica 
tion System Study Group, RCS89-33, 1989). This method 
increases the drain ef?ciency by an equivalent reduction of 
the output backoff of the ampli?er using drain voltage 
control. 

[0009] The drain voltage control scheme modulates the 
poWer to be supplied to such a semiconductor device as a 
FET. For example, in a base-station poWer ampli?er of a 
100-W average output poWer, if the drain ef?ciency of a 
?nal-stage FET is 50% (Which is theoretically maximum 
under the Class-A bias condition), the poWer supply to the 
?nal-stage FET is 200 W. When the drain voltage of the FET 
is 10 V, the drain current is 20 A. Control of such a large 
current is effected by the FET or the like. With higher-output 
poWer ampli?ers, hoWever, it becomes more dif?cult to 
achieve loW-loss drain voltage control due to a loss such as 
an on internal resistance of the FET that controls the large 
current. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide a method that reduces the output backoff of the main 
ampli?er While retaining a distortion compensating ability 
equal to or higher than that of the conventional feed-forWard 
ampli?er, and a high-ef?ciency feed-forWard ampli?er using 
the method. 

[0011] According to the present invention, there is pro 
vided a feed-forWard ampli?er that has a distortion detecting 
loop for detecting a distortion component and a distortion 
canceling loop folloWing to the distortion detecting loop, for 
canceling the distortion component and ampli?es the poWer 
of an input transmission signal, Wherein: 

[0012] 
[0013] a main ampli?er path containing a main 

ampli?er; 

[0014] a signal poWer dynamic range compressing 
circuit inserted in the main ampli?er path at the 

the distortion detecting loop comprises: 
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input side of the main ampli?er, for compressing 
the power dynamic range of the input signal; 

[0015] 
[0016] a ?rst directional coupler for dividing the 

transmission signal to the main ampli?er path and 
the ?rst linear signal transfer path; and 

[0017] a second directional coupler for poWer 
combining the output signals from the main 
ampli?er path and the ?rst linear signal transfer 
path and for dividing the combined output signal 
to tWo combined outputs; 

[0018] 
[0019] a second linear signal transfer path supplied 

With the one combined output from the second 
directional coupler, for transferring the supplied 
combined output; 

[0020] an auxiliary ampli?er path containing the 
auxiliary ampli?er and supplied With the other 
combined output from the second directional cou 
pler, for transferring the supplied combined out 
put; and 

[0021] a third directional coupler for poWer-com 
bining the outputs from the second linear signal 
transfer path and the auxiliary ampli?er path and 
for outputting the poWer-combined transmission 
signal; and 

[0022] the signal poWer dynamic range compressing 
circuit comprises: 

[0023] a fourth directional coupler for dividing a 
signal on the main ampli?er path to tWo signals 
and for outputting the tWo divided signals; 

[0024] a third linear signal transfer path for lin 
early transferring the one of the tWo divided 
signals from the fourth directional coupler; 

[0025] a compressing signal generator for gener 
ating a compressing signal that makes the enve 
lope of the one divided signal constant based on 
the other divided signal from the fourth directional 
coupler; and 

[0026] a ?fth directional coupler for poWer-com 
bining the output signal from the third linear 
signal transfer path and the compressing signal 
from the compressing signal generator and for 
providing the poWer-combined output to the main 
ampli?er. 

a ?rst linear signal transfer path; 

the distortion canceling loop comprises: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a diagram illustrating the basic circuit 
construction of the feed-forWard ampli?er according to the 
present invention; 

[0028] FIG. 2 is a diagram shoWing the vector of a poWer 
ampli?er input, for explaining hoW a compressing signal 
Works; 
[0029] FIG. 3A is a graph shoWing the spectra of an input 
signal and a peak voltage compressing signal; 
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[0030] FIG. 3B is a graph shoWing the spectrum of a main 
ampli?er output signal; 

[0031] FIG. 3C is a graph shoWing the spectrum of a 
distortion detected by a distortion detecting loop; 

[0032] FIG. 4A is a graph shoWing the spectra of an input 
signal and a PAPR compressing signal; 

[0033] FIG. 4B is a graph shoWing the spectrum of a main 
ampli?er output signal; 

[0034] FIG. 4C is a graph shoWing the spectrum of a 
distortion detected by the distortion detecting loop; 

[0035] FIG. 5 is a block diagram of a dynamic range 
compressing circuit in a ?rst embodiment of the present 
invention; 
[0036] FIG. 6 is a graph conceptually shoWing operation 
characteristics, for explaining the ampli?cation ef?ciency of 
a poWer ampli?er embodying the present invention; 

[0037] FIG. 7 is a block diagram of a dynamic range 
compressing circuit in a second embodiment of the present 
invention; 
[0038] FIG. 8 is a block diagram of a dynamic range 
compressing circuit in a third embodiment of the present 
invention; 
[0039] FIG. 9A is a block diagram depicting concrete 
examples of a quadrature detector 16A and a constant 
envelope signal generator 16B in FIG. 8; 

[0040] FIG. 9B is a block diagram depicting the circuit 
con?guration for digital signal processing of the operation of 
the constant-envelope signal generator 16B in FIG. 9A; 

[0041] FIG. 10 is a block diagram of a dynamic range 
compressing circuit in a fourth embodiment of the present 
invention; 
[0042] FIG. 11 is a block diagram of a dynamic range 
compressing circuit in a ?fth embodiment of the present 
invention; 
[0043] FIG. 12 is a block diagram depicting a sixth 
embodiment of the present invention Which employs ?rst 
and second pilot signals for equilibrium adjustment; and 

[0044] FIG. 13 is a block diagram depicting a seventh 
embodiment of the present invention combined With a high 
ef?ciency scheme by drain voltage control of the main 
ampli?er. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] FIG. 1 illustrates in block form the basic construc 
tion of the feed-forWard ampli?er according to the present 
invention. As depicted in FIG. 1, the feed-forWard ampli?er 
comprises: a directional coupler 11 for dividing an input 
signal (Which is also a transmission signal to be transmitted 
via the feed-forWard ampli?er) SIN at an input terminal TIN 
to a main ampli?er signal transfer path 10M and a linear 
signal transfer path 10L; a variable attenuator 12, a variable 
phase shifter 13, a signal poWer dynamic range compressing 
circuit 10DRC and a main ampli?er 18 interposed in series 
With the main ampli?er signal transfer path 10M; a delay 
line 19 forming a linear signal transfer path 10L; a direc 
tional coupler 21 that generates sum and difference compo 
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nents of the outputs from the main ampli?er signal transfer 
path 10M and the linear signal transfer path 10L and outputs 
them to a main signal transfer path 20L formed by a delay 
line 22 and a distortion canceling path 20A (or also called an 
auxiliary arnpli?er signal transfer path) 20A; a variable 
attenuator 23, a variable phase shifter 24 and an auxiliary 
arnpli?er 25 interposed in series With the distortion cancel 
ing path 20A; and a directional coupler 26 for poWer 
combining the outputs from the main signal transfer path 
20L and the distortion canceling path 20A. 

[0046] The main arnpli?er signal transfer path 10M and 
the linear signal transfer path 10L constitute a distortion 
detecting loop for detecting a distortion that occurs in the 
main arnpli?er signal transfer path 10M. The main signal 
transfer path 20L and the distortion canceling path 20A 
constitute a distortion canceling loop for canceling the 
distortion detected by the distortion detecting loop 10. The 
feed-forWard arnpli?er formed by such tWo loops 10, 20, 
eXcept the signal poWer dynamic range cornpressing circuit 
10DRC, is Well-knoWn in the art. 

[0047] The signal poWer dynamic range cornpressing cir 
cuit 10DRC comprises: a directional coupler 14 that distrib 
utes the input signal to the delay line 15 and a cornpressing 
signal generator 16; the delay line 15; the cornpressing 
signal generator 16; and a directional coupler 17 that poWer 
combines the outputs from the delay line 15 and the corn 
pressing signal generator 16 and provides the combined 
output to the main arnpli?er 18. The cornpressing signal 
generator 16 generates a signal SPC for compressing the peak 
poWer or PAPR of the input signal Sc to the main arnpli?er 
18. 

[0048] The input signal SIN is divided by the directional 
coupler 11 to tWo signals. The one of the tWo divided signals 
is provided via the variable attenuator 12 and the variable 
phase shifter 13 to the directional coupler 14 of the signal 
poWer dynamic range cornpressing circuit 10RC. The signal 
fed to the directional coupler 14 is subdivided to tWo signals, 
Which are provided via the delay line 15 and the cornpress 
ing signal generator 16, respectively, to the directional 
coupler 17, Wherein they are combined together. The corn 
bined output signal Sc is fed to the main arnpli?er 18. The 
output signal from the main arnpli?er 18, Which contains a 
distortion component, is fed to the directional coupler 21. 
The other of the tWo signals divided by the directional 
coupler 11 is provided via the delay line 19 to the directional 
coupler 21. 

[0049] The output signal SMD from the directional coupler 
21 provided via the delay line 22 to the directional coupler 
26. A signal SDD, Which is an anti-phase cornbined version 
of the output signals from the main arnpli?er 18 and the 
delay line 19, is provided via the variable attenuator 23, the 
variable phase shifter 24 and the auXiliary arnpli?er 25 to the 
directional coupler 26. 

[0050] Further, the output signals from the delay line 22 
and the auXiliary arnpli?er 25 are anti-phase combined by 
the directional coupler 26. The thus anti-phase cornbined 
output signal SOUT is provided to an arnpli?er output ter 
rninal TOUT. 

[0051] In the feed-forWard arnpli?er of FIG. 1 each of the 
directional directors 11, 14, 17, 21 and 26 may be formed by 
a poWer cornbiner. 

Nov. 22, 2001 

[0052] With reference to FIG. 2 shoWing the vector of the 
input signal to the main arnpli?er 8, a description Will be 
given of the principles of operation of the feed-forWard 
application according to the present invention. The corn 
pressing signal generator 16 is to generate the cornpressing 
signal SPC that is combined With a signal SD on the delay line 
15 to produce a combined signal vector Sc such that the 
signal vector SD becornes constant in amplitude. As Will be 
described later on, as the cornpressing signal generator 16 
there are a circuit that generates the cornpressing signal SPC 
for compressing the peak poWer of the input signal and a 
circuit that generates the cornpressing signal SPC for corn 
pressing the PAPR. The signal poWer dynamic range corn 
pressing circuit 10DRC compresses the peak poWer or PAPR 
of the input signal SIN to the main arnpli?er 18. 

[0053] In the case of compressing the peak poWer, the 
cornpressing signal generator 16 generates the cornpressing 
signal vector SPC that is nearly 180° out of phase With the 
signal vector SD as shoWn in FIG. 2. In this instance, as 
described in detail later on, the cornpressing signal generator 
16 detects the peak poWer of an input signal S‘IN. The 
amplitude and phase of the input signal are detected by its 
simultaneous detection. The cornpressing signal generator 
16 generates the cornpressing signal vector SPC that makes 
the amplitude of the signal vector Sc a constant value. In this 
example, the cornpressing signal generator 16 produces, by 
its loW-frequency oscillator, a tone signal (a single-fre 
quency signal) that is 180° out of phase With the input signal, 
for instance. As a result, the signal vector Sc produced by the 
directional coupler 17 can be made constant. Having thus 
generated the cornpressing signal SPC, the cornpressing 
signal generator 16 holds its output until the detection of a 
peak poWer equal to or larger than a preset threshold value. 

[0054] As described above, the signal poWer dynamic 
range cornpressing circuit 10DRC generates a peak-poWer 
cornpressed combined signal Sc that holds the output back 
off of the main arnpli?er 18 Within a desired range. The 
cornpressing signal SPC injected into the signal SD is 
regarded as a distortion generated in the main arnpli?er 
signal transfer path 10M, and hence it is detected by the 
distortion detecting loop 10 and removed by a distortion 
canceling loop 20. It must be noted here that the peak 
poWer-cornpressed combined signal Sc perrnits high-ef? 
ciency arnpli?cation of the main arnpli?er 18 and decorn 
pression of the peak poWer component of the main arnpli?er 
input signal SD through rejection or cancellation of the 
compressed signal component contained in the main arnpli 
?er output in the distortion canceling loop 20. 

[0055] The cornpressing signal SPC produced by the corn 
pressing signal generator 16 is, for example, a single 
frequency signal (Which is referred to also as a tone signal), 
Which is frequency-converted to a band Which is either 
different from or the same as the band of the feedforWard 
arnpli?er input signal SIN. In this example, the input signal 
SIN and the cornpressing signal SPC are present in different 
bands as depicted in FIG. 3A. FIG. 3B shoWs the spectrum 
of the output from the main arnpli?er 18. The input signal 
S1N and the cornpressing signal SPC both contain distortion 
cornponents SIND and SPCD produced by the main arnpli?er. 
In this case, too, the cornpressing signal SPC is regarded as 
a distortion in the main arnpli?er path 20L. The distortions 
SIND and SPCD by the main arnpli?er 18 are both detected 
and cancelled by the distortion canceling loop 20. 
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[0056] By canceling the component of the compressing 
signal SPC in the distortion canceling loop 20 as described 
above, it is possible to offer a peak poWer compressing 
scheme that is closed Within the transmitting circuit. That is, 
the compressing signal poWer-combined With the transmis 
sion signal at the transmitting side need not be cancelled at 
the receiving side. 

[0057] While in the above the compressing signal SPC has 
been described to be a tone signal, it may be a modulated 
Wave as described later on. 

[0058] Next, a description Will be given of the PAPR 
compression by the compressing signal generator 16. The 
basic principle is the same as that for the before-mentioned 
peak poWer compression, but in this instance, the compress 
ing signal SPC compresses PAPR of the input signal SIN. The 
generation of the compressing signal SPC begins With the 
detection of PAPR of the input signal SIN, and if PAPR is 
equal to or higher than a preset value, the compressing signal 
generator 16 determines the vector of the compressing signal 
SPC that Will make PAPR of the combined signal Sc go doWn 
beloW the preset value. This provides the combined signal 
SC With PAPR of the input signal SIN compressed. The PAPR 
compressing signal SPC can be produced, as described later 
on, by detecting and smoothing the envelope of the input 
signal and frequency-converting the envelope-smoothed sig 
nal to a band different from or the same as that of the input 

signal SIN. 
[0059] FIG. 4A shoWs the case of injecting the PAPR 
compressing signal in a band higher than the transmission 
signal (the input signal SIN). FIG. 4B shoWs the output 
spectrum from the main ampli?er 18, Which contains dis 
tortion components SIND and SPCD caused by the main 
ampli?er 18. The compressing signal SPC is detected as one 
of the distortion components including SIN and SPCD as 
shoWn in FIG. 4C by the distortion detecting loop, and is 
cancelled by the distortion canceling loop 20. PAPR of the 
input signal SIN can be compressed, for eXample, by increas 
ing the average poWer, or determining the vector of the 
compressing signal SPC so that the peak poWer is com 
pressed, or by the combined use of the both methods. 

[0060] Such a PAPR compressing signal SPC may be 
generated so that the amplitude of the combined signal Sc 
takes a predetermined ?xed value suf?ciently smaller than a 
predictable peak of the input signal SIN. FIG. 2 shoWs the 
locus of the signal in an IQ plane obtained by quadrature 
detection of the combined signal Sc. In this case, the 
envelope of the combined signal Sc takes a constant value as 
indicated by the circle in FIG. 2. In the embodiments 
described later on, this compressing signal SPC Will be 
referred to also as a constant-envelope signal. 

[0061] Such a compression of PAPR of the transmission 
signal permits compression of the output backoff of the main 
ampli?er 18. Further, it is possible to provide PAPR com 
pression scheme that is completed Within the transmitting 
circuit. Besides, the PAPR compression of the ampli?er 
input signal reduces the output backoff, alloWing high 
ef?ciency ampli?cation. 

EMBODIMENT 1 

[0062] In FIG. 5 there is illustrated in block form the 
signal poWer dynamic range compressing circuit 10DRC for 
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peak poWer compression. The input signal to the signal 
poWer dynamic range compressing circuit 10DRC is dis 
tributed by the directional coupler 14 to a linear signal 
transfer path 15P formed by the delay line 15 and a com 
pressing signal generating path 16P formed by the com 
pressing signal generator 16. The compressing signal gen 
erator 16 is formed by a cascade connection of a level 
discriminator 161, a peak poWer detector 162, a loW-fre 
quency oscillator 163, a frequency converter 165, a variable 
phase shifter 166 and a variable gain ampli?er 167. The level 
discriminator 161 observes an instantaneous value of the 
amplitude of the distributed input signal SW. The observed 
instantaneous amplitude value is compared With a threshold 
value Lth preset in the level discriminator 161, and only 
When the former is larger than the latter, the distributed input 
signal S‘IN is fed to the peak poWer detector 162. The peak 
poWer detector 162 is formed by a quadrature detector, 
Which quadrature-detects the input signal S‘, fed from the 
output of the level discriminator 161, detecting the vector 
(amplitude and phase values) of the input signal S‘IN during 
the peak poWer period. The thus detected amplitude and 
phase values are provided to the loW-frequency oscillator 
163. 

[0063] The loW-frequency oscillator 163 is formed by a 
synthesiZer in Which the amplitude and phase values can be 
set. To suppress the output backoff of the main ampli?er 18, 
the loW-frequency oscillator is set so that its oscillation 
signal is nearly 180° out of phase With the phase value 
detected during the peak poWer period. That is, the phase 
value that is set in the loW-frequency oscillator 163 is an 
anti-phase version the phase value detected by the peak 
poWer detector 162. On the other hand, the amplitude value 
is chosen such that the combined signal Sc estimated by the 
peak poWer detector 162 through numerical calculations Will 
have a constant envelope. That is, the vector of the com 
pressing signal SPC is chosen such that the peak poWer of the 
combined signal Sc Will takes a predetermined value smaller 
than the above-mentioned threshold value Lth. This permits 
generation of the compressing signal SPC of a vector that 
compresses the peak value of the input signal SW. 

[0064] The output from the synthesiZer (the loW-fre 
quency oscillator 163) is frequency-converted by the fre 
quency converter 165 to a predetermined band, Which may 
be the same as or different from the band of the ampli?er 
input signal. The frequency-converted compressing signal is 
?nally adjusted in amplitude and in phase by the variable 
phase shifter 166 and the variable gain ampli?er 167. The 
thus ?nally adjusted compressing signal is poWer-combined 
by the directional coupler 17 With the signal SD from the 
delay line 15. As the result of this, the peak poWer of the 
input signal is compressed. In this embodiment, the com 
bined signal Sc is distributed to the main ampli?er 18 and 
partly to a control path 30P by the directional coupler 17. 
The variable gain ampli?er 167 may be composed of a 
variable attenuator and an ampli?er. 

[0065] In the basic con?guration depicted in FIG. 1, since 
the vector of the input signal SIN varies With time, there is 
the possibility that the instantaneous amplitude value of the 
combined signal Sc, obtained by combining the vectors of 
the output signal SD from the delay line 15 and the com 
pressing signal SPC, eXceeds the predetermined threshold 
value Lth before the neXt peak value of the signal S‘IN is 
detected by the level discriminator 161. 
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[0066] To avoid this, the FIG. 5 embodiment uses a 
compressing signal adjustment part 30 that is provided in the 
control path 30P by Which to keep the level of the combined 
signal Sc from exceeding the threshold value Lth. The 
compressing signal adjustment part 30 is formed by a 
cascade connection of a level discriminator 31, a peak poWer 
detector 32 and a control circuit 33. The level discriminator 
31 decides Whether the peak poWer of the distributed com 
bined signal Sc is in eXcess of the threshold value Lth, and 
if so, transfers the combined signal Sc. The peak poWer 
detector 32 quadrature-detects the combined signal Sc fed 
thereto to detect its phase and amplitude, and provides them 
to the control circuit 33. Based on the phase and amplitude 
thus detected, the control circuit 33 controls stepWise the 
phase shift amount of the variable shifter 166 and the 
ampli?cation factor of the variable gain ampli?er 167 by an 
adaptive algorithm so that the peak poWer of the combined 
signal Sc becomes smaller than the threshold value Lth. 

[0067] The control circuit 33 is formed by a microcom 
puter, Which controls the variable phase shifter 166 and the 
variable gain ampli?er 167 by a perturbation algorithm, least 
square estimation algorithm, or the like. The control opera 
tion of the control circuit 33 may be implemented by a 
digital or analog circuit. The variable gain ampli?er 167 may 
be replaced With a variable attenuator, Which also produces 
the above-described peak poWer compressing effect. The 
amplitude and phase values of the loW-frequency oscillator 
163 may also be placed under the control of the control 
circuit 33 as indicated by the broken lines in FIG. 5, in 
Which case the variable phase shifter 166 and the variable 
gain ampli?er 167 are omitted. 

[0068] According to this embodiment, since the poWer 
dynamic range of the input signal Sc to the main ampli?er 
18 can be compressed by the adaptive compression of its 
peak poWer, the output backoff of the main ampli?er 18 can 
be reduced. This enables the main ampli?er 18 to achieve 
high-ef?ciency ampli?cation. 

[0069] FIG. 6 shoWs the drain ef?ciency that is improved 
by the present invention. The curves 6A and 6B represent the 
output poWer performance and the drain efficiency perfor 
mance With respect to the input poWer. For eXample, in the 
case of an input signal of a 10-dB PAPR, a 4-dB compres 
sion of its peak poWer Will provide a PAPR reduction of the 
input signal doWn to 6 dB. When no peak poWer compres 
sion is carried out, the 10-dB output backoff is needed, but 
the peak poWer compression reduces the backoff doWn to 6 

[0070] The 4-dB suppression of the backoff has improve 
ment of the ampli?cation efficiency of the main ampli?er 18 
as described beloW. Assuming that the main ampli?er 18 is 
a Class-A ampli?er Whose maXimum drain ef?ciency is 50% 
at the saturation output poWer and Whose output backoff is 
de?ned to be the difference betWeen a 1-dB gain compres 
sion point and the operating point(output poWer), the drain 
ef?ciency can be improved to about 10% by the application 
of the present invention, Whereas the drain ef?ciency is 4% 
or so When the present invention is not used. Thus, even if 
the peak poWer is not completely compressed, the present 
invention is effective in improving the ampli?cation ef? 
ciency of the main ampli?er 18. And this does not ever 
generate either out-of-band leakage of poWer or intersymbol 
interference. 
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EMBODIMENT 2 

[0071] FIG. 7 illustrates in block form a second embodi 
ment of the signal poWer dynamic range compressing circuit 
10DRC. In this embodiment the signal generated by the 
loW-frequency oscillator 163 of the compressing signal 
generator 16 in the FIG. 5 embodiment is modulated using 
a speci?c code. This scheme alloWs ease in detecting, by the 
peak poWer detector 32, the peak poWer of the combined 
signal Sc that is used to control the variable phase shifter 166 
and the variable gain ampli?er 167. The compressing signal 
vector SPC from the loW-frequency oscillator 163 is prone to 
undergo amplitude and phase variations under the in?uence 
of noise or the like. With a vieW to increasing the stability 
of the compressing signal, this embodiment generates a PN 
(pseudo random noise) or similar speci?c code by a code 
generator 169 and provides it to a modulator 164 to modu 
late the tone signal from the loW-frequency oscillator 165. 
The thus modulated signal is provided via the frequency 
converter 165, the variable phase shifter 166 and the variable 
gain ampli?er 167 to the directional coupler 17, Wherein it 
is combined With the output from the linear signal transfer 
path 15F, and the combined signal Sc is applied to the main 
ampli?er 18. 

[0072] In the path 30P (composed of the directional cou 
pler 17, the level discriminator 31, the peak poWer detector 
32 and the control circuit 33) for monitoring the peak poWer 
of the combined signal Sc, the level discriminator 31 moni 
tors the peak poWer of the combined signal Sc. The peak 
poWer detector 32 detects control variables of the variable 
phase shifter 166 and the variable gain ampli?er 167. At this 
time, the peak poWer detector 32 demodulates the input 
signal by the same code as that generated by the code 
generator 169. This provides increased stability for he 
compressing signal SPC. 
[0073] As is the case With the ?rst embodiment, even if the 
compressing signal SPC is frequency-converted and com 
bined With the signal SD from the linear signal transfer path 
ISP in the frequency band overlapping With that of the input 
signal S‘IN, the compressing signal component in the com 
bined signal Sc is detected, as part of the distortion devel 
oped in the main ampli?er path, by the feed-forWard 
structured distortion detecting loop 10 and cancelled by the 
distortion canceling loop 20 in FIG. 1. In practice, the 
compressing signal component is not completely cancelled 
and remains in the transmission signal band, but it can be 
reduced doWn to a negligibly small value. The compressing 
signal may also be converted by the frequency converter 165 
so that its component lies outside the frequency band of the 
input signal S‘IN, that is, outside the frequency band of the 
input signal SIN. 

EMBODIMENT 3 

[0074] The embodiments of FIGS. 5 and 7 detect and 
compress the peak poWer of the input signal, thereby com 
pressing the dynamic range of the input signal poWer. The 
third embodiment is directed to the construction of the signal 
poWer dynamic range compressing circuit 10DRC designed 
to compress the dynamic range of the input signal poWer 
through PAPR compression of the input signal. 

[0075] FIG. 8 illustrates in block form the signal poWer 
dynamic range compressing circuit 10DRC according to this 
embodiment. The input signal S‘IN to the signal poWer 
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dynamic range compressing circuit 10DRC is distributed by 
the directional coupler 14 to the linear signal transfer path 
15P formed by the delay line 15 and the compressing signal 
generating path 16P With the compressing signal generator 
16 inserted therein. The compressing signal generator 16 is 
formed by a cascade connection of a quadrature detector 
16A, a constant-envelope signal generator 16B, the fre 
quency converter 165, the variable phase shifter 166 and the 
variable gain ampli?er 167. The quadrature detector 16A 
quadrature-detects the input signal thereto to observe or 
monitor its vector (phase and amplitude). The vector thus 
observed is provided to the constant-envelope signal gen 
erator 16B, Which detects the envelope of the input signal 
from the observed phase and amplitude and outputs a signal 
that makes the envelope constant. At this time, the constant 
envelope signal generator 16B sets the amplitude of the 
input signal to such a value that the combined signal Sc Will 
have a constant envelope. This provides a vector that com 
presses PAPR of the input signal. 

[0076] The output from the constant-envelope signal gen 
erator 16B is frequency-converted by the frequency con 
verter 165 to a predetermined band. In this instance, the 
output may be frequency-converted to a band Which is the 
same as or different from the band of the feed-forWard 
ampli?er input signal SIN. The frequency-converted com 
pressing signal SPC is subjected to ?nal adjustments to its 
amplitude and phase by the variable phase shifter 166 and 
the variable gain ampli?er 167, thereafter being injected by 
the poWer combiner 17 into the main ampli?er input signal. 
The variable gain ampli?er 167 may be substituted With a 
variable attenuator, in Which case, too, the same results as 
mentioned above are obtainable. The poWer of the combined 
signal Sc is partly distributed by the directional coupler 17 
to the control path 30F and provided to a PAPR detector 34. 
The PAPR detector 34 detects ratio betWeen the peak and 
average voltages of the input signal or betWeen its peak 
poWer and average poWer. Only When the detected ratio is 
above a preset threshold value, the PAPR detector 34 
quadrature-detects the input signal, and the control circuit 33 
stepWise effects control for rendering the combined signal 
SC to a constant-envelope signal by an adaptive algorithm. 

[0077] That is, the signals SD and SPC Will be 180° out of 
phase With each other in the IQ plane after quadrature 
detection of the combined signal Sc from the directional 
coupler 17, but the vector of the combined signal Sc does not 
alWays have a constant envelope. To avoid this, the control 
circuit 33 monitors the amplitude of the combined signal Sc 
through the PAPR detector 34, and controls the variable 
phase shifter 166 and the variable gain ampli?er 167 to 
adjust the phase and amplitude of the compressing signal 
SPC so that the combined signal Sc Will have a predetermined 
amplitude value. In other Words, the variable gain ampli?er 
167 and the phase shifter 166 controls the amplitude and 
phase values of the constant-envelope signal SPC on the 
stepWise basis so that the combined signal Sc Will have a 
constant-envelope vector. This control can be provided by 
various adaptive algorithms such as the steepest descent 
method and the maXimum likelihood estimation method. 

[0078] The PAPR detector 34 can be implemented, for 
instance, by a diode sensor, in place of the quadrature 
detector. In the case of measuring the peak poWer, a diode 
sensor of a small time constant is used. The sensor output is 
sampled to detect instantaneous values of the sensor input 
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voltage, and the maXimum one of the measured instanta 
neous value is used as the peak poWer value. In the case of 
measuring the average poWer, a diode sensor of a large time 
constant is used; the sensor output is sampled and its average 
value is used as the average poWer. The same is true of the 
case Where the diode sensor is replaced With a thermocouple 
sensor. 

[0079] The control circuit 33 is formed by a microcom 
puter, and controls the variable phase shifter 166 and the 
variable gain ampli?er 167 by a perturbation algorithm, least 
square estimation algorithm, or the like. The variable gain 
ampli?er 167 may be replaced With a variable attenuator, in 
Which case, too, it is possible to achieve the same PAPR 
reduction as described above. 

[0080] This embodiment alloWs adaptive PAPR compres 
sion, and hence permits reduction of the output backoff of 
the main ampli?er 18 and consequently its high-ef?ciency 
ampli?cation. For example, as described previously With 
reference to FIG. 6, in the case of an input signal With a 
10-dB PAPR, a 4-dB PAPR compression Will reduce PAPR 
of the input signal to the main ampli?er 18 by 4 dB. This 
permits reduction in the output backoff of 10 dB before the 
PAPR compression doWn to 6 dB. The 4-dB PAPR reduction 
has such an in?uence on the ampli?cation ef?ciency of the 
main ampli?er 18 as described beloW. Assuming that the 
main ampli?er 18 is a Class-A ampli?er Whose maXimum 
drain ef?ciency is 50% at the saturation output poWer and 
Whose output backoff is de?ned to be the difference betWeen 
a 1-dB gain compression point and the operating point, the 
drain ef?ciency can be improved to about 10% by the 
application of the present invention, Whereas the drain 
ef?ciency is 4% or so prior to the application of the 
invention. Thus, the present invention does not achieve 
complete PAPR compression, but ensures high-ef?ciency 
ampli?cation of the main ampli?er. And this does not ever 
develop out-of-band leakage of poWer and intersymbol 
interference. 

[0081] FIG. 9A illustrates in block form concrete 
eXamples of the quadrature detector 16A and the constant 
envelope signal generator 16B in FIG. 8. The quadrature 
detector 16A comprises reference signal oscillator 16A1, for 
generating a reference signal SR, a phase shifter 16A2 for 
shifting the phase of the reference signal SR by 90°, and 
multipliers 16A3 and 16A4 that multiply the signal provided 
from the directional coupler 14 to the compressing signal 
generating path 16P by the reference signal SR and its 
90°-shifted version to generate in-phase component signal I 
an a quadrature component signal Q, respectively. 

[0082] The constant-envelope signal generator 16B com 
prises square means 16B1 and 16B2, an adder 16B3, a root 
calculator 16B4 and a inverter 16B5. The in-phase compo 
nent signal I and the quadrature component signal Q from 
the quadrature detector 16A are applied to the square means 
16A and 16B, respectively, Wherein their absolute values are 
squared, and the squared outputs are added together by the 
adder 16B3. The adder output is fed to the root calculator 
16B4, Wherein its square root is calculated to obtain an 
envelope signal of the input signal. This envelope signal is 
inverted by the inverter 16B5, Which provides a baseband 
constant-envelope signal. The baseband constant-envelope 
signal is applied to the frequency converter 165 in FIG. 8. 

[0083] FIG. 9B illustrates in block form an eXample in 
Which the constant-envelope signal generator 16B in FIG. 
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9A is formed as a digital calculator circuit, Which is made up 
of A/D converters 16BD1 and 16BD2, a digital signal 
processor (DSP) 16BD and a D/A converter 16BDA. The 
in-phase component signal I and the quadrature component 
signal Q from the quadrature detector 16A are converted by 
A/D converters 16BD1 and 16BD2 to digital signals, respec 
tively, Which are provided to the digital signal processor 
16BD. The digital signal processor 16BD performs the 
processing by the square means 16B1 and 166B2, the adder 
16B3, the root calculator 16B4 and the inverter 16B5 in 
FIG. 9A through digital calculations using the tWo digital 
signals from the A/D converters 16BD1 and 16BD2. The 
calculated result is provided to the D/A converter 16BDA, 
Which converts the input digital signal to analog form, 
outputting the baseband constant-envelope signal. 

EMBODIMENT 4 

[0084] FIG. 10 illustrates in block form a fourth embodi 
ment of the present invention adapted for PAPR compres 
sion. The compressing signal generator 16 comprises the 
quadrature detector 16A, the constant-envelope signal gen 
erator 16B, the frequency converter 165 and the ampli?er 
168. 

[0085] The quadrature detector 16A performs quadrature 
detection of the input signal thereto to observe or monitor its 
vector (amplitude and phase value). The vector thus 
obtained is set by the constant-envelope signal generator 
16B to be nearly 180° out of phase With the ampli?er input 
signal SIN so as to suppress its PAPR. The output from the 
constant-envelope signal generator 16B is frequency-con 
verted by the frequency converter 165 to a predetermined 
band. In this instance, the output may be frequency-con 
verted to a band identical With or different from that of the 
feed-forWard ampli?er input signal SIN. The frequency 
converted compressing signal SPC is adjusted in level by the 
ampli?er 168 and combined by the directional coupler 17 
With the signal SD from the delay line 15, and the combined 
signal Sc is applied to the main ampli?er 18. 

[0086] The control path 30P is composed of the PAPR 
detector 34 and the control circuit 33. The PAPR detector 34 
detects the peak poWer and average poWer of the combined 
signal Sc distributed from the directional coupler 17, and 
only When the ratio betWeen the peak poWer and the average 
poWer is in excess of a preset threshold value, quadrature 
detects the combined signal Sc to obtain its phase and 
amplitude. Based on the phase and amplitude thus detected, 
the control circuit 33 stepWise controls the amplitude and 
phase values of the constant-envelope signal generator 16B 
so that PAPR of the main ampli?er input signal goes doWn 
beloW the threshold value Lth. The control circuit 33 is 
formed by a microprocessor and uses the perturbation algo 
rithm, least square estimation algorithm, or the like. 

[0087] Further, the control circuit 33 controls the ampli 
tude and phase values of the constant-envelope signal gen 
erator 16B in a manner to compress PAPR of the input signal 
to the main ampli?er 18. This is equivalent to the PAPR 
suppression of the feed-forWard ampli?er input signal SIN in 
the base band. 

EMBODIMENT 5 

[0088] FIG. 11 illustrates in block form a ?fth embodi 
ment of the present invention, Which uses an envelope 
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detector 16C as a substitute for the quadrature detector 16A 
in the compressing signal generator 16 in the FIG. 8 
embodiment. The scheme of this embodiment has the advan 
tage of simplifying the con?guration of the compressing 
signal generator 16. This embodiment is identical in con 
struction With the FIG. 8 embodiment except the above; no 
further description Will be given. 

EMBODIMENT 6 

[0089] FIG. 12 illustrates in block form a sixth embodi 
ment of the present invention, in Which the feed-forWard 
ampli?er of FIG. 1 is provided With an arrangement that 
uses pilot signals to make adjustments for achieving the 
equilibrium of loops. 

[0090] A ?rst pilot signal SP1 from a ?rst pilot signal 
generator 101 is injected into the distortion detecting loop 10 
by a ?rst pilot injector 102 inserted in the input side of the 
directional coupler 11. At the same time, the ?rst pilot signal 
SP1 is extracted by a ?rst pilot extractor 103 inserted in the 
input side of the distortion injecting path (the auxiliary 
ampli?er path) 20A of the distortion canceling loop 20, and 
the level of the extracted ?rst pilot signal is detected by a 
?rst level detector 104. The detected level is provided from 
the ?rst level detector 104 to a ?rst controller 105, Which 
controls the variable attenuator 12 and the variable phase 
shifter 13 so that the detected level by the ?rst level detector 
104 becomes minimum. Similarly, a second pilot signal SP2 
from a second pilot signal generator 201 injected by a 
second pilot injector 202 into the main ampli?er 18, and at 
the same time, the second pilot signal SP2 is extracted by a 
second pilot extractor 203 inserted in the output side of the 
distortion canceling loop 20. The level of the second pilot 
signal SP2 is detected by a second level detector 204, and the 
detected level is provided to a second controller 205. The 
second controller 205 controls the variable attenuator 23 and 
the variable phase shifter 24 so that the detected level by the 
second level detector 204 is minimiZed. 

[0091] The amount of compensation for the nonlinear 
distortion of the feed-forWard ampli?er depends on the 
degree of equilibrium of each of the distortion detecting loop 
10 and the distortion canceling loop 20. The equilibrium 
adjustment accuracy is disclosed in Japanese Pat. Pub. 
GaZette No. 77330/95 entitled “Automatic Adjustment Cir 
cuit of Feed-Forward Ampli?er.” For example, phase and 
amplitude deviations for obtaining an amount of distortion 
compression above 30 dB are Within :2 degrees and With 
10.3 dB, respectively; thus, severe requirements are 
imposed on the degree of equilibrium of each of the distor 
tion detecting loop and the distortion canceling loop and on 
completeness of the equilibrium adjustment. As a method 
for achieving the equilibrium, there is proposed a method for 
automatic adjustment of the distortion detecting and cancel 
ing loops using pilot signals (Pat. Pub. GaZette No. 77330/ 
95). It is knoWn in the art that the distortion detecting and 
canceling loops can be brought into equilibrium using pilot 
signals by a device using this method (Toshio NOJIMA and 
Shoichi NARAHASHI, “Extremely LoW-Distortion Multi 
Carrier Ampli?er for Mobile Communication Systems,” 
Technical Report of IEICEJ, RCS90-4, 1990). 

[0092] In the feed-forWard ampli?er of the present inven 
tion, the transmission signal (input signal) SIN component 
distributed to the main ampli?er signal transfer path 10M is 










