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(57) ABSTRACT 

The present invention provides a linear poWer ampli?er 
consists of a driver stage, employing an active feedforWard 
type predistorter, connected in cascade With a ?nal poWer 
stage. The active feedforWard-type predistorter consists of 
an ampli?er With a predistorter connecting betWeen its input 
and output. This driver stage has opposite gain and phase 
characteristics to that of the ?nal poWer stage and is used to 
predistort an input signal. When combined With the ?nal 
poWer stage, the nonlinear gain and phase of the poWer stage 
are compensated and linearized by the driver stage, resulting 
in a linear poWer ampli?er With loW distortion ampli?cation 
and high ef?ciency operation. 

307 

Feedforward- type 
predistorti n9 

circuit 

Active 
device 

302 

Matching 

Power amplifier 

circuit 

305 

Active 
feedforward ~type 

redistorter 
p 304 

306 



Patent Application Publication Feb. 14, 2002 Sheet 1 0f 16 US 2002/0017954 A1 

FIG. 1 

104 

Predistorter 

Matching Nonlinearity Matching . 
circuit ganerator circuit 

10; 102 103 



Patent Application Publication Feb. 14, 2002 Sheet 2 0f 16 

isolator 

US 2002/0017954 A1 

FIG. 2 

206 

O- Predistorer — 

104 201 

Buffer‘ ' . 
ampli?er PM“ ampli?er 

.._Matching Matching __ F‘ Circuit circuit f’, >-——O 
, / 

203 f \ 
202 204 



Patent Application Publication Feb. 14, 2002 Sheet 3 0f 16 US 2002/0017954 A1 

FIG. 3 

30? 
303 

Feedforwa rd- type 
predistortins 

circuit 

Power amplifier 

2 _ Matchmg Active Matching 
OT circuit dBVICB circuit 

301! 302 305 
305 

Active 
feedforward ~type 

radistortar 
p 304 



Patent Application Publication Feb. 14, 2002 Sheet 4 0f 16 US 2002/0017954 A1 

FIG. 4 

303 

409 

Vb1 i) 
Biasing 410 
circuit 

Input . 

(port 1) E Output 

( (port ‘2) 

401 402 403 f 
404 

405 



Patent Application Publication Feb. 14, 2002 Sheet 5 0f 16 US 2002/0017954 A1 

FIG. 5A 

: _¥gijigv 
-30 l —-—-vb1=1.'sv 

IlllilllgiliLELllll IIIJ__60 
-30 ~20 -1D. 0 1O 20 

Pm (dBm) 



Patent Application Publication Feb. 14, 2002 Sheet 6 0f 16 US 2002/0017954 A1 

FIG. 5B 



Patent Application Publication Feb. 14, 2002 Sheet 7 0f 16 US 2002/0017954 A1 

FIG. 6 

304 

f303 
Cf“ 

Biasing 503 
602 circuit f 

“g [>11 
Matching 
circuit 

Matching i/ J circuit 405 

{ 604 
305 601 

301 



Patent Application Publication Feb. 14, 2002 Sheet 8 0f 16 US 2002/0017954 A1 

FIG. 7A 

Gaincxpar‘tsion 
10‘- \ {1o 

1 ._ _,.. . 701 I 

l____ 85- """"" "‘ _. ' {8 

m _ _ _ _ _ _ _ _ ..-* I. - 

B : _,~ ’ : 
. C 6-------- ,/ ~6 
.6 : “aw-"a ' : 

6 4i —-—-Vb1=1.3\l 54 
_ -—--Vb1=1.375V - 

; ----vb1=1.45v '_“ 
_ ----vb1=1.525v 

2;- ---Vb1=1.6\l {2 
llllilllllLllJJlllllllllllilllllllLLlll 

45-10 -5 0 5 1O 15 2O 25 
Pout (dBm) 



Patent Application Publication Feb. 14, 2002 Sheet 9 0f 16 US 2002/0017954 A1 

FIG. 7B 

10_ _10 
'6 : ' 

1 a 0_ 1 0 
c : 1 
2. -1O — l 40 
IE I ' 

5 _ I 

8 '20 ‘.- ——Vb1=1.3V ‘5-, ‘i '20 

Pg 1 “351132? I 
E -30 r; —-—vb1==1'.s25v ' \l {"30 

_4O _40 ll , . . 

45-10 -5 0 5 1O 15 2O 25 
Pout (dBm) 



Patent Application Publication Feb. 14, 2002 Sheet 10 0f 16 US 2002/0017954 A1 

vow 

Pom M :29. mo “E2322 

mom 

wom\ 
New mom 

8m M f 

f 350:0 

mcEBmS. 

3:0...6 I. 0:233). 

330:0 mama-2m 
#:Pao 

. mom1\\\l oEwmmm n.._vun> 350:0 n-v u @535 
N > mom 

1. wow wow \ | 

mom 

Now 
Pom 



Patent Application Publication Feb. 14, 2002 Sheet 11 0f 16 US 2002/0017954 A1 

FIG. 9A 

3O — 70 

“ “Gain “ g 
I ----- PAE PAE@PwB"5°‘8% ‘n. -; 60 

I Z 

A 20 p Pout @P1¢B=28.7 dBm -; 60 A 
m _ ‘ J I 89 

3 p f I) “Q v 
C b ‘I 5 Lu 

‘E5 - 901 I,’ _: 30 E 
0 _ ‘J’ E 

h I” __ p I’! E 

xii”! _: O hT-rTd-L-urjild I I l 1 1 I a l a 1 L l i l I O 

10 15 2O 25 3O 
Pgut 



Patent Application Publication Feb. 14, 2002 Sheet 12 0f 16 US 2002/0017954 A1 

FIG. 9B 

30 _ 70 
- ——-—Gain 5 
* ----- Phase deviation .’ _: 60 § 
- # ~ 

" P @ P —28 7 65m E _: 5O 9’ out 165'- '1 : 

U 1 : l 

E’ : 3' —I 30 g 
"('5 ~ 903 Phase deviation 1: 5 20 g 
0 :' @P1dB:6-7O ‘ E G.) 

— 10 W 
_ 1 cs 

2 .C 
“a D. 

l|ll1llllLl_1lLlllI|‘I O 
10 15 2O 25 30 

(mm (dBm) 



Patent Application Publication Feb. 14, 2002 Sheet 13 0f 16 US 2002/0017954 A1 

FIG. 10A 

30 _ 7O 
“ ——- Gain E 

----- PAE ,—. 60 

. PAE @ PMB=56.8%' : f‘; 5 50 
a 20 h (6% PAE improvement) '1' i”; A 

,,_r . . ‘3 

V .. . J q 

c F Pout @ PHB:3O|S dBm I! I “J 
'5 _ (1.8dB Poutimprovcment) ,’ i 30 ‘=1: 
(9 10 - 5 D‘ 

I u 

. f’ ‘I 1001 1002 ,4. I 

-; 10 
0 b‘i-TdadT-‘l-iild l I I a a a n i | a l r l 1 q 0 

1 D ‘15 2D 25 3O 
" Pout (dBm) 



Patent Application Publication Feb. 14, 2002 Sheet 14 0f 16 US 2002/0017954 A1 

FIG. 10B 

30 _ F 70 
' ---~—Ga|n ; I 
I ~---- Phase deviation :q 60 ‘g? 
. Pout @P1dB=30-5 (mm 5: 50 Q 

A 20 _ (1.8(B Ptmt improvement) I’ E V 
9g :—: 40 5 
V k I : I‘: ‘E 1003 -E 30 .g 
“5 ' Phase dcviaticm @P =5 9° 5 ' (D 

163 ' _ 

(D 10 (03° phase deviation improvement) 5 20 g 
_" O u) 
: (t! 
‘ J: 

0. 
fl I I I I I I l l I I I I IH :43 .3 I l I l I I l l t 

i 1 \ 
l. 

1 CD4 
0 1111 

I u-‘L O 



Patent Application Publication Feb. 14, 2002 Sheet 15 0f 16 US 2002/0017954 A1 

FIG. 11 

1112 

K1111 

! Matching 

J circuit 
Matching 
circuit 405 

1 I 10 

( 3 05 
302 

301 



Patent Application Publication Feb. 14, 2002 Sheet 16 0f 16 US 2002/0017954 A1 

FIG. 12 

1205 

Vb‘ /__,11os 1101 fees s05 (PVC 110s 

1105 so? 11¢ J__ 
3F 

,1 i 

g gfnos 777- i 

Vb.,__fWVL I i-mw 
___ i 1 LJW H F" 3;‘ g I j ( g 

1102 1103 402 1203 (406 407i 
404 5 

\ ’ Mahtching 

Matching 1) Circuit 
circuit 405 

1202 

1201 302 305 
301 



US 2002/0017954 A1 

LINEARIZED POWER AMPLIFIER BASED ON 
ACTIVE FEEDFORWARD-TYPE PREDISTORTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a linearized power 
ampli?er based on active feedforWard-type predistortion, 
and more particularly to linear poWer ampli?ers for loW 
distortion ampli?cation of digitally modulated signals in 
cellular and satellite communication systems. More particu 
larly, the invention relates to such a poWer ampli?er for 
monolithic microWave integrated circuit (JAMIC) realiZa 
tion Which includes an active feedforWard-type predistorter 
and an output poWer ampli?er and in Which the predistorter 
ampli?es and distorts the incoming signals for compensating 
the amplitude and phase nonlinearities of the output poWer 
ampli?er and enhancing the PAE (power added ef?ciency) 
for linear ampli?cation of incoming signals. 

[0002] Digital modulation schemes are Widely employed 
in various multi-carrier communication systems, such as 
Wireless and satellite, for capacity improvement, better 
transmission quality and high data rate transmission. In 
non-constant envelope digital modulation schemes, infor 
mation is contained in both amplitude and phase of the 
modulated signals. To amplify such signals, linear ampli?ers 
are required to prevent distorting the amplitude and phase 
characteristics Which Would degrade signal quality. In addi 
tion, linear ampli?ers are also bene?cial in amplifying 
multi-carrier signals simultaneously, in applications such as 
cellular basestations, Without creating signi?cant distortion. 
The advantage of employing linear ampli?ers is that it 
reduces the number of ampli?ers used as Well as eliminates 
high poWer combiner chains, Which is the conventional 
con?guration for combining output poWer from several less 
linear ampli?ers to limit distortion. This directly results in 
reducing siZe, complexity and cost of the overall ampli? 
cation systems Which is critical in applications such as 
satellite systems and cellular base stations. In addition to its 
loW distortion characteristics, linear ampli?ers should also 
attain high efficiency such that their DC poWer consumption 
can be minimiZed, resulting in higher performance, reliabil 
ity and reduction of operating cost. Such features of linear 
ampli?ers are highly desirable in all communication sys 
tems, and, in particular, cellular handsets in Wireless systems 
Wherein the overall siZe can be miniaturiZed and battery life, 
therefore the standby and talk time, can be signi?cantly 
improved as a direct consequence of improved ampli?er 
ef?ciency Which is a primary concern in handset design. 

[0003] To achieve linear ampli?cation of non-constant 
envelope modulated signals in Wireless communication sys 
tems, for instance, conventional ampli?ers usually operate at 
certain output poWer backoff from saturated poWer in order 
to meet the linearity requirement. The tradeoff of this is a 
loW PAE on the ampli?ers since peak PAE is usually 
achieved near saturated output poWer level. By backing off 
from that operation, ampli?ers could suffer as much as 30% 
to 40% reduction in PAE Which has an adverse effect on DC 
poWer consumption, and, in particular, the battery life in 
cellular handsets. 

[0004] The draWback of loW ef?ciency on conventional 
linear ampli?ers can be overcome by employing ampli?er 
lineariZation techniques. Ampli?er lineariZation techniques 
require the use of external circuitry to reduce distortion level 
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at the output of ampli?ers, thus alloWing the ampli?ers to 
operate into more ef?cient but nonlinear region, achieving 
high ef?ciency and good linearity simultaneously. 

[0005] Common lineariZation techniques such as feedfor 
Ward, predistortion. and feedback techniques have been 
disclosed in “FeedforWard—An alternative approach to 
ampli?er lineariZation,” by T. J. Bennett et al., The Radio 
and Electronic Engineer, vol. 44, no. 5, pp. 257-262, May 
1974; “FeedforWard lineariZation of 950 MHZ ampli?ers,” 
by R. D. SteWart et al., IEE Proceedings-H, vol. 135, no. 5, 
pp. 347-350, October 1988; Us. Pat. No. 5,850,162 by 
Danielsons; “An automatically controlled predistorter for 
multilevel quadrature amplitude modulation,’ by J. Namiki, 
IEEE Trans. Commun., vol. COM-31, no. 5, pp. 707-712, 
May 1983; Us. Pat. No. 4,465,980 by Huang et al.; U.S. 
Pat. No. 5,523,716 by Grebliunas et. al.; “An MMAC 
C-Band FET feedback poWer ampli?er,” by A. K. EZZeddine 
et al., IEEE Trans. MicroWave Theory Tech., vol. MTT-38, 
no. 4, pp. 350-357, April 1990; “Linearisation of microWave 
poWer ampli?ers using active feedback netWorks,” by F. 
PereZ et al., Electron. Lett., vol. 21, no. 1, pp. 9-10, January 
1985; “An MMIC lineariZed ampli?er using active feed 
back,” by J. C. Pedro et al., 1993 IEEE MTT-S Dig., pp. 
95-98; US. Pat. No. 5,886,572 by Myers et al.; US. Pat. No. 
5,821,814 by Katayama et al. These techniques, hoWever, 
usually involve either complex circuit con?gurations or 
experience possible stability problem Which limit their prac 
tical applications in miniaturiZed cellular handsets. 

[0006] Recently, predistorters With simpler con?guration 
have been disclosed in “A novel amplitude and phase 
lineariZing technique for microWave poWer ampli?ers,” by 
M. Nakayama et al., 1995 IEEE MTT-S Dig., pp. 1451 
1454; “A novel series diode lineariZer for mobile radio 
poWer ampli?ers,” by K. Yamauchi et al., 1996 IEEE MTT-S 
Dig., pp. 831-834; “Passive FETMMIC lineariZers for C, X 
and Ku-band satellite applications,” by A. KatZ et al., 1993 
IEEE MTT-S Dig., pp. 353-356; US. Pat. No. 5,191,338 by 
KatZ et al. Although these predistorters achieve siZe reduc 
tion over conventional designs, they still require extra 
matching circuits, experience high loss and poor isolation 
Which increase the dif?culty in practical use. These are best 
illustrated by reference to the conventional miniaturiZed 
predistorter design shoWn in FIG. 1. 

[0007] FIG. 1 shoWs a typical small-siZe passive type 
predistorter 104, including a nonlinearity generator 102, 
input matching circuit 101 and output matching circuit 103. 
The matching circuits usually include inductors Which 
Would take up signi?cant area in an MMIC and increase the 
cost of the overall design. FIG. 2 shoWs a conventional 
con?guration of a lineariZed poWer ampli?er 206. The 
passive type predistorter 104, as illustrated in FIG. 1, is 
employed to compensate the nonlinear characteristics of a 
poWer ampli?er 205. An isolator 201 and buffer ampli?er 
203 are required to compensate the poor reverse isolation 
and insertion loss of the predistorter 104, respectively. 
Matching circuits 202 and 204 are employed to match the 
input and output of the buffer ampli?er 204 to the isolator 
201 and the poWer ampli?er 205, respectively. The disad 
vantages of this con?guration include the requirement of 
extra matching circuits 202 and 204, buffer ampli?er 203 
and isolator 201, Which increases the overall siZe of the 
lineariZed ampli?er 206, and extra DC poWer consumption 
required by the buffer ampli?er 203. The lineariZed ampli?er 
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206 is, therefore, not practical for cellular handset applica 
tions Which demands small siZe and loW overall power 
consumption. 
[0008] While prior art of loW complexity passive type 
predistorter eliminates the use of bulky element. Such as 
poWer combiners, variable attenuators and phase shifters 
usually employed in conventional design, it includes non 
linearity generator With input and output matching. circuits. 
When cascaded With a poWer ampli?er, the output matching 
of the predistorter duplicates the function of the input 
matching circuit of the ampli?er. Since matching circuits 
usually include inductors Which require large area to realiZe 
on MMICs, is increases the siZe of the chip and the colt of 
the overall design Which are a critical concern for handset 
poWer ampli?ers, and might not be feasible for volume 
production. In addition, conventional predistorters usually 
experience poor reverse isolation. PoWer ampli?ers incor 
porating these predistorters require additional isolators to 
improve circuit isolation to avoid interaction betWeen the 
predistorters and ampli?er stages Which Would degrade 
overall circuit performance. Isolators usually comes in the 
form of individual module and Would be unsuitable to add 
on a small circuit area that is available in cellular handsets. 
Predistorters shoWn in prior art are all passive in nature With 
insertion loss level ranges from 4 dB to 20 dB depending on 
the design. Extra buffer ampli?ers are usually added to 
compensate the high insertion loss. The use of buffer ampli 
?ers is of particular concern as that Would increase overall 
DC poWer consumption. Even though the overall ef?ciency 
of the lineariZed ampli?er is improved, the extra DC poWer 
requirement places extra strain on the battery life in handsets 
and such ampli?er con?guration is considered unsuitable for 
handset application. Furthermore, these knoWn predistorters 
usually requires accurate tuning in order to obtain the 
expected efficiency improvement and therefore might not be 
practical in terms of mass production and ease to use. 

[0009] In the above circumstances, it had been required to 
develop a novel lineariZed poWer ampli?er free from the 
above problem. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present invention 
to provide a novel lineariZed poWer ampli?er free from the 
above problems. 

[0011] It is a further object of the present invention to 
provide a novel lineariZed poWer ampli?er Which offers 
linear poWer ampli?cation With high efficiency and Which 
are improved in siZe and DC poWer consumption. 

[0012] The present invention provides a linear poWer 
ampli?er consists of a driver stage, employing an active 
feedforWard-type predistorter, connected in cascade With a 
?nal poWer stage. The active feedforWard-type predistorter 
consists of an ampli?er With a predistorter connecting 
betWeen its input and output. This driver stage has opposite 
gain and phase characteristics to that of the ?nal poWer stage 
and is used to predistort an input signal. When combined 
With the ?nal poWer stage, the nonlinear gain and phase of 
the poWer stage are compensated and lineariZed by the 
driver stage, resulting in a linear poWer ampli?er With loW 
distortion ampli?cation and high ef?ciency operation. 

[0013] According to another aspect of the present inven 
tion, a tunable biasing circuit alloWs tuning on the active 
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feedforWard-type predistorter using an external DC voltage. 
By tuning the characteristics of the active feedforWard-type 
predistorter, the predistorter can be employed to compensate 
various degree of nonlinearities of any poWer stage. 

[0014] These and other aspects of the present invention as 
disclosed herein Will become apparent to those skilled in the 
art after a reading of the folloWing description of the 
preferred embodiment When considered With the draWings. 

[0015] The above and other objects, features and advan 
tages of the present invention Will be apparent from the 
folloWing descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Preferred embodiments according to the present 
invention Will be described in detail With reference to the 
accompanying draWings. 

[0017] FIG. 1 is. a simpli?ed block diagram of a conven 
tional miniaturiZed predistorter including input and output 
matching circuits, and a nonlinear generator for predistort 
ing incoming signals. 

[0018] FIG. 2 is a simpli?ed block diagram of a conven 
tional lineariZed ampli?er based on predistortion lineariZa 
tion, 

[0019] FIG. 3 is a block diagram of a lineariZed poWer 
ampli?er employing an active feedforWard-type predistorter 
according to an embodiment of the present invention. 

[0020] FIG. 4 is a schematic circuit diagram of a feed 
forWard-type predistorting circuit used in the lineariZed 
poWer ampli?er shoWn in FIG. 3. 

[0021] FIG. 5A is a graph shoWing the forWard transmis 
sion characteristics of the feedforWard-type predistorting 
circuit shoWn in FIG. 4 as a function of input poWer Pin and 
control voltage Vb1. 

[0022] FIG. 5B is a graph shoWing the reverse transmis 
sion characteristics of the feedforWard-type predistorting 
circuit shoWn in FIG. 4 as a function of input poWer Pin and 
control voltage Vb1. 

[0023] FIG. 6 is a schematic circuit diagram of an active 
feedforWard-type predistorter used in the lineariZed poWer 
ampli?er shoWn in FIG. 3. 

[0024] FIG. 7A is a graph shoving the gain characteristics 
of the active feedforWard-type predistorter shoWn in FIG. 6 
as a function of output poWer Pout and control voltage Vb1. 

[0025] FIG. 7B is a graph shoWing the phase deviation 
characteristic of the active feedforWard-type predistorter 
shoWn in FIG. 6 as a function of output poWer Pout and 
control voltage Vb1. 

[0026] FIG. 8 is a schematic circuit diagram of a tWo 
stage lineariZed poWer ampli?er incorporating an active 
feedforWard-type predistorter shoWn in FIG. 6 as the ?rst 
stage. 

[0027] FIG. 9A is a graph shoWing the gain and PAE 
(power added ef?ciency) characteristics of a conventional 
tWo-stage poWer ampli?er as a function of output poWer 
Pout. 
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[0028] FIG. 9B is a graph showing the gain and phase 
deviation characteristics of the conventional tWo-stage 
poWer ampli?er as a function of output poWer Pout. 

[0029] FIG. 10A is a graph shoWing the gain and PAE 
characteristics of the linearized tWo-stage poWer ampli?er 
shoWn in FIG. 8 as a function of output poWer Pout. 

[0030] FIG. 10B is a graph shoWing the gain and phase 
deviation characteristics of the lineariZed tWo-stage poWer 
ampli?er shoWn in FIG. 9 as a function of output poWer 
Pout. 

[0031] FIG. 11 is a schematic circuit diagram of an active 
feedforWard-type predistorter With a tunable bias circuit for 
the control of the predistorter characteristics according to 
another embodiment of the present invention. 

[0032] FIG. 12 is schematic circuit diagram of an active 
feedforWard-type predistorter With a tunable bias circuit f or 
the control of the predistorter characteristics according to 
another alternative embodiment of the present invention. 

DISCLOSURE OF THE INVENTION 

[0033] The ?rst present invention provides a lineariZed 
ampli?er comprising: an RF input node; an RF output node; 
a poWer ampli?er having an input and an output, and having 
a gain characteristic Which decreases With the increase in 
input poWer applied to said input of said poWer ampli?er, 
and having a phase characteristic Which increases With input 
poWer applied to said input of said poWer ampli?er; and an 
active feedforWard-type predistorter having an input and an 
output, acting as a driver ampli?er Which ampli?es signal 
applied to said RF input node, having a gain characteristic 
Which increases With input poWer applied to said input of 
said active feedforWard-type predistorter for compensating 
the decrease in gain of said poWer ampli?er, and having a 
phase characteristic Which decreases With the increase in 
input poWer applied to said input of said active feedforWard 
type predistorter for compensating the increase in phase of 
said poWer ampli?er, Wherein said output of said poWer 
ampli?er is coupled to said RF output node, said input of 
said active feedforWard-type predistorter is coupled to said 
RF input node, and said output of said active feedforWard 
type predistorter is coupled to said input of said poWer 
ampli?er. 
[0034] It is preferable that the active feedforWard-type 
predistorter comprises: an RF input node; an RF output 
node; a ground node; a ?rst and second DC poWer supply 
node; a bipolar transistor having a collector, a base and an 
emitter; a ?rst matching circuit having an input coupled to 
said RF input node aWl an output coupled to said bipolar 
transistor base for matching said bipolar transistor base to a 
?rst predetermined impedance; a second matching circuit 
having an input coupled to said bipolar transistor collector 
and an output coupled to said RF output node for matching 
said bipolar transistor collector to a second predetermined 
impedance; a feedforWard-type predistorting circuit having 
an input coupled to said bipolar transistor base and an output 
coupled to said bipolar transistor collector; a ?rst biasing 
circuit having an input coupled to said ?rst DC poWer supply 
node and an output coupled to said bipolar transistor base; 
and a second biasing circuit having an input coupled to said 
second DC poWer supply node and an output coupled to said 
bipolar transistor collector, Wherein said bipolar transistor 
emitter is coupled to said ground node. 
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[0035] It is further preferable that the bipolar transistor in 
the active feedforWard-type predistorter is biased in active 
mode for ampli?cation purpose through the ?rst and second 
DC poWer supply nodes in said active feedforWard-type 
predistorter. 

[0036] It is further preferable that the active feedforWard 
type predistorter has an insertion gain characteristic Which 
increases With input poWer. 

[0037] It is further preferable that the active feedforWard 
type predistorter has an insertion phase characteristic Which 
decreases With the increase in input poWer. 

[0038] It is further preferable that said feedforWard-type 
predistorting circuit comprises: an RF input node; an RF 
output node; a ground node; a DC poWer supply node; a 
bipolar transistor having a collector, a base and an emitter; 
a ?rst capacitor having an input coupled to said RF input 
node and an output coupled to said base of said bipolar 
transistor; a second capacitor having an input coupled to said 
bipolar transistor collector and an output coupled to said 
ground node; a third capacitor having an input and an output; 
a LC-netWork having an input coupled to said bipolar 
transistor emitter and an output coupled to said ground node; 
a resistor having an input coupled to said bipolar transistor 
emitter and an output coupled to said third capacitor input ; 
and a biasing circuit having an input coupled to said DC 
poWer supply node and an output coupled to said bipolar 
transistor base, Wherein said third capacitor output is 
coupled to said RF output node. 

[0039] It is further preferable that the LC-netWork in the 
feedforWard-type predistorting circuit comprises an inductor 
and a capacitor connected in parallel. 

[0040] It is further preferable that said bipolar transistor in 
the feedforWard-type predistorting circuit is slightly forWard 
biased for non-linearities generation through the DC poWer 
supply node of the feedforWard-type predistorting circuit. 

[0041] It is further preferable that said feedforWard-type 
predistorting circuit has an insertion loss characteristic 
Which decreases With the increase in input poWer. 

[0042] It is further preferable that said feedforWard-type 
predistorting circuit has an insertion phase characteristic 
Which decreases With the increase in input poWer. 

[0043] It is further preferable that the biasing circuit in the 
feedforWard-type predistorting circuit is a tunable biasing 
circuit for adjusting the characteristics of the active feed 
forWard-type predistorter electronically. 

[0044] It is further preferable that said tunable biasing 
circuit comprises: an input node; an output node; a ground 
node; a bipolar transistor having a collector, a base and an 
emitter; an inductor having an input and an output; a ?rst 
resistor having an input coupled to said input node and an 
output coupled to said base of said bipolar transistor; a 
second resistor having an input coupled to said bipolar 
transistor emitter and an output coupled to said inductor 
input; and a capacitor having an input coupled to said second 
resistor output and an output coupled to said ground node, 
Wherein said bipolar transistor collector is coupled to said 
second DC poWer supply node in the active feedforWard 
type predistorter, and said inductor output is coupled to said 
output node. 














