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Analysis of an Adaptive Predistorter Utilizing a Complex Convolution

WU Shu-yue TIAN Xin-guang ZHANG Er-yang
College of Electronic Science and Engineering National Univ. of Defense Technology ~Changsha 410073  China

Abstract Linearization of power amplifiers has become an important issue with the advent of linear modulation methods in mobile
communication. The predistortion is the most commonly used technique for linearizing an amplifier in order to improve the linearity de-
gree of amplifiers and reduce the out — of — band emission of the transmitter. An adaptive predistorter for linearizing a power amplifier in
a mobile transmitter is studied utilizing a complex spectral convolution. Analytical and simulation results show that a complex convolution
method which requires no additional local oscillator or phase reference can be used to measure the out — of — band power and utilized the
scalar quantity to update the predistorter s coefficients in order to minimize the out — of — band power.
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Fig.1 System block diagram
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Fig.2 Detailed diagram of adaptive predistorter
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Fig.3 Two equivalent forms of the quadrature structure
a Real bandpass form. b Complex envelope form.
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Fig.4 System model real bandpass form
5
K, x, t =K x, t +jKy, x, t =F x,t G x4t
=F x,t - Gyt L F xyt 17 = 04 3, t + 520 L+ 12
771 = alﬁl 13
N3 = 6(331 + 0(133' | aq |2 14
N5 = a5ﬁ1 + 0[3B3 | aq |2 + 2a1,8g72 (11(1396 + 0(1‘85 | aj |4 15
V(l t - V"l t K"l x"L t 16
2.3
v, WSS 4
5 T/,,, i
NI},,L I =11 cos wyt — q t - sin wyl 17
AI},,I t it qgt it R; *
it gt R, t
R, = =F 11t i1 t-T Ry, =Eit-qt-r 18
T/m t vt q 1
Rz =R, 7 R, t =-R, t 19
19
R, =R, -7 R,z =-R, -7 20

iq



48 2001 3
18 19 20 V., ot R, t
T{m T = R; v cos wyt - R, 7 sin wyt 21
V, t
Rmré%EthV,it—r 22
5 22 19
Rm T = Rii T _jRiq T 23
23 21 23
T/m t ﬁm T Vm t Rm T
R, =Re R, t « e 24
WSS
V, t
Rar:%EVqu:t—r 25
13 17
Vot =Vot - mampl Vot Pegst Vo T4 26
Vo t—t =Vot—7 - 9 #0935 1 Vyt—t Paygs 1V, -t I*+ 27
th:V1=i1+qu th—f =V2=i2+jq2 i]zit izzit—‘[
2R, © =mqp E ViV + s E ViV, V)2
+ s E VIV VS 3 4 g s E VAV VS 4 E VRV, VS 2
+ s E VRVIVE V3 4+ g sE VROV Y
+ s psE VSV RV, VS wogsys EOVE OV RV 1, 28
0
E X1Xy X = Z AUA[m ;{"L L Alk = F XX} 29
V, ¢ 5
R,t = Iq1?+8%Z qns R, 0 +4872 n95 Ry 0 +161 3 I’R3, 0
+192%2 7395 R, 0 +5761 95 I°R;, 0 - R, <
+ 81 3 17+ 1922 m3p5 R, 0 + 11521 95 1°R5, 0 - R, © R, <
+ 19219512« Ry)> ¢ R, < 30
Rm T H‘Sm j RI:L T HSI:L _f Rm T Sm f Vm 4
R, 31 V, 1
Se f = Il 12+8%Z yps R, 0 +487%2 nmins R, 0 +161 73 I°R3, 0
+192%2 79375 R, 0 +576 1 95 I°R}, 0 S, f
+ 81 17+ 19272 n3p5 R, 0 + 11521 95 I’R%, 0 S, —f %S, f xS, f
+ 192|775|2 Sr: _f%Sr: _f%smf% Smf*smf 31



49

Py=1y +4mR, 0 +249sR% 0 12 P3 =81 793+ 1295R, 0 1 Ps =192 y5 | 32

Sm3 f = Sr;(z - f * Sm f * Sm f 33
SmS f = Sr;(z - f * Sr;(z - f * Sm f * Sm f * Sm f 34
31
Sa f = P|Sm f + P3Sm,3 f + SmS f 35
PISm f P3Sm3 f PSSmS f 3 5
13 ~ 15 32 ~ 34 3 5 ay  as
__BER%
]
I i’rd(ijl
V() | 5 A 2D,
—— 1 o
IE2N |
i
l |
e e 1
——————— T bl
|r wrF J-fRuE—
| Vo(t) l
L f\
! I s
: o V{2 ]
HFF
- 4 Ldohs M)
RER
5 PD/PA

Fig.5 System model with composite  PD/PA  nonlinearities

5 Vop 1
Vg t HPF m,
m, m, M, M, M,
V, t Vg t WSS
5
Vp t =K it +q 1 Vgt =Ky it +q° 1 36
i = pit+4q; K, K, 5 13
Vp t =1Vt PP IPs1V,t P+Ps1V,t I°+ 37
b =Vt P+l Vot 1P4gsl Vot I* + 38
Vop £ 39 Vo 1
Sw f 40
R, © = 4piR:, 0 +32p;psR, 0 + 64p3R;, 0 + 192p,psR}, 0

+768pspsR3, 0 +2304p2RS 0+ 4p? + 64p,psR, O

+256p3R2, 0 + 576ppsR2, 0 + 4608p3psR3, 0

+20736p3R%, O | R, © 1>+ 64p3 +2304pspsR, O +20736piR% 0 R, = I|*

+ 2304p: R, = I° 39



50
Sm f * ST:L _f p% pg
Voq 4 Vup 4 q; Pi
Vap t Vaq t 31 S, f
M,
S, f = 4piR;, 0 +32p;psR}, 0 + 64p3R,, 0 + 192p,psR;, 0
+ 768p3p5R§n 0 + 2304p§R(,’,, 0 0 f + 4p% +64ppsR, O
+256piR% 0 + 576p,psR3, 0 + 4608pspsR3, 0
+20736p3R;, 0 S, f *S. —f + 64p3 +2304p3psR, O
+ 20736P§R%n O Sm f * Sm f * SI:I - f * SI:I - f
+ 2304P§ Smf *Smf *Sm _f *Sﬂxt _f *Sl:l _f *Sl;l _f 40
3
3.1
Hooke-Jeeves 4 «a as
a
Hooke-Jeeves
Hooke  Jeeves
F «x X = X X X, o P
xh+l — xk + A F xk+l < F xk Sk — xk+1
Sk xk+2
xk+2 — xk+1 + sl. 41
- 2 T T T
=
2
S -4 .
i
=
g =6 1
iz
A
#-8f 1
- 10 . L L
- 20 ~ 15 - 10 -5 0
HMAESHHE /dBm
6 AB  60MHz AM-AM
Fig.6  AM-AM characteristics of a class AB 60 MHz amplifier
3.2

Matlab



51

5SW 0 ~ 800 MHz
60 MHz AM—AM 6
7 a 7 b
-62 dB
D v 4] v v
- 20 -2
% - 4 % - 40
# i
® ™
£ - § -
=,
¥ _» Z g
- 100 - 100 —
B12.9 EBI12.95 813 E&13.05 813.1 813.15 812.9 £12,95 813 813.05 813.1 813.15
[a) B /MH:z {b) #i /MHz
a b
7
Fig.7 Amplifier' s output relative spectrum
a  without predistortion b with predistortion.
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