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Design of Partial Predistortion Balanced
Power Amplifier

Jeong Hee Young

Department of Information and Communication Engineering

Chonbuk National University

Abstract

In this thesis, a method and apparatus for reducing distortion in the
output port of a balanced power amplifier samples the error signal of the
main power amplifier (MA) output. A circuit that can provide these features
measures the difference between the output from one of the balanced
power amplifiers and a sample of the amplifier input. This difference signal,
which represents the amplifier distortion, can then be combined at the
input to another portion of the balanced power amplifier. The amplitude
and phase of the difference signal can be adjusted such that the distortion
produced from the respective portions of the balanced power amplifier are
cancelled when the respective outputs are combined to produce the
balanced power amplifier output. The proposed technique uses one portion
of the balanced power amplifier to amplify the difference signal to the
desired level and thereby does not require an error amplifier. Also,
because the difference signal is injected into the input signal in front of the
predistortion main power amplifier (PDMA), this technique does not require

additional couplers following the MA output. For a forward link 4-FA

Vi



WCDMA signal, measured ACPR improvements were 23.01dB at 12.5MHz

offset from center frequency for the output power 40dBm.
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Figure 4.3 Operation principle of the carrier cancellation loop.
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Figure 4.4 Operation principle of balanced power amplifier loop.
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2 s
P_|Z, Zo _|| Zo |41 (5.2)
P |z, z, ||z,

ZO ZO /\/E ZO
Input 1 A Output 2
Z,| «+— % —» (Z,
Z, | Z,
Isolation 4 \f Output 3

Z, 12
% 5.1 90° sfolBE E 3 =E.
Figure 5.1 90° hybrid circuit.

2 =woAE 90° stolBEE 3| EEA] Anaren AFS] 3dB, 90°

Fe

Surface Mount €<l S03B2150N3¢] mdle x}&35+9ch E3t

5.1¢ 747t o] 59 B54E hehdt.

¥ 5.1 3dB stolBg]|= A37] (S03B2150N3) o] AFak
Table 5.1 The specifications of 3dB hybrid coupler (SO3B2150N3).

Specification Bandwidth Units
Frequency 2.0~ 2.3 GHz
Isolation 20 DB min.
Insertion Loss 0.15 DB max.
VSWR 1.25 Max : 1
Amplitude Balance +0.20 DB max.
Phase Balance 4 Degrees max.
Power Handling 300 Avg. CW Watts
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Figure 5.2 Operation characteristics of SO3B2150N3.
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Figure 5.3 Equivalent model of a varactor diode.
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() 7M1 g x~z2 Foad A7) %

(a) Coupler terminated with variable reactance
(b) dAsd gddx g2 TdH = Al 9%
(b) Phase of reflected signal for normalized reactance function
29 5.4 7HA 914 HET] o AFgE A7)

Figure 5.4 Coupler used in a variable phase shifter.
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Figure 5.5 Reflection coefficient calculation in variable phase
shifter.

O™ 55@elA gaEls gL AR E AFEstY] AT S RE
= Bl

-36 -



_y IO+ Y, mnf, 7, (wC()+7, tand )
7Y, + jjwC())tan 6, Y, —wC(v)tan,

Y (wC()+Y, tan0),) (5.4
= W)+ j e )
Y, —wC(v)tan@,
1714 WAL AlgrE ok} gk,
; Y,-JjB Py
F=€J¢=(YP J-B)=(1_J£) (5.5)
ptJB  (1+jB)
—-_ B
&, B=-
Tp
2G5 oRNE g 4 5.6)F T F AT
¢=-2tan"'(B) (5.6)

I75.5(b) oA ¥ mkel o] 0°F-E 360°7+4] /RIS A717]
e X & +oiH 05 A —o7tx] Wasjott du, gAEA
o} 37 Sadste] WEeS x=09 o Horr @k aHER
ol HstE A7I7] QEliAE tole e SR BTt A
o} Ay Fxlo] HEE ok HrE o] 7> A He| o)A

+ ek

ol &

T

AC)
1=

I>

ok
™

Al

s

-37 -



2) AAl A&d 7 A4 1

a% 5.6¥% 19 5.7 19

1 ¥ 5.2% B = AA AMEE A
He7| o sl W SHH 5

olt}, AFgH uldE tho]|2 == Sony

R

oX

AFe]l 1T3620]t}.

3dB
‘g“ HYBRID ‘g‘% 0V BIAS
RFIN o | | : o)

A VARACTOR DIODES
(+) o— YN Y O (+) BIAS
VOLTAGE

¥ VARACTOR DIODES

1% 5.6 90° ol HE|=E o] &3 HkALE VPH 94 W3k 3=,
Figure 5.6 Reflection type variable phase shifter circuit using 90°
hybrid.
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Figure 5.7 Variable phase shifter measurement.
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¥5.2 7PA gA W3y 54 Ay

Table 5.2 Variable phase shifter measurement.

Control Voltage [V] So1[degl Sp1[dB]
0 0 -0.7

0.5 5.7 -0.7
1.0 10.6 -0.7
1.5 15.6 -0.8
2.0 20.7 —0.8
2.5 25.9 -0.9
3.0 32.4 -0.9
3.5 36.9 —-1.0
4.0 43.4 -1.0
4.5 49.8 -1.1
5.0 56.9 -1.1
5.5 63.5 -1.2
6.0 72.3 —-1.3
6.5 81.1 —-1.3
7.0 90 -1.4
7.5 99.1 -1.4
8.0 109.9 -1.4
8.5 121.1 -1.4
9.0 133.2 —-1.4
10.0 155.4 -1.3
11.0 175.7 —-1.2
12.0 194.1 —-1.0
13.0 207.3 -0.9
14.0 218.6 -0.8
15.0 227.6 -0.8
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Figuer 5.8 The equivalent circuit of reflection type attenuator.
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Figure 5.9 Magnitude variation of reflection coefficient for

junction resistance in PIN diode.
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Figure 5.10 Phase variation of reflection coefficient for the

variable resistance in PIN diode.

a9 599 19 5102 MathcadZS o] g3t FA Fuk4 2.14
GHz °l4 Z,=50 Q, Ly=1.748 nH, ;=0.2034 pF, R=3.342 Q 4 o,
PIN thole =9l A3t A3 w®igle] mE WAL A5 2% 9 914
w3sle] AlEd ol Ayoltl, R=50 QoM Htho 77t doju,
R7F 0 Q IAHIAY = 50 Rt A F ghs 7 o qirbge]
Wotx] gha=o] aste e & F Ak =g AlEHA A

R7F 50 @ & Wt 10 @ W 94AE Ay, T T o

-43 -



ADy, 100 =95.5%011, ADy 0, =66.58°U= BTl it
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Figure 5.11 Reflection type low phase shift attenuator.
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Figure 5.12 Measurement results of low phase shift attenuator.
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3 5.3 AzE A 9 7H A7 54 A

Table 5.3 Measurement results of manufactured low phase shift attenuator.

Control Voltage [V] Sz1 [deg] Sz1[dB]
0 0 -0.8
0.46 —0.085 -1
1.02 —0.081 -2
1.91 —0.336 -4
2.78 —0.442 -6
3.58 —0.487 -8
4.35 —-0.523 -10
5.02 -0.628 -12
5.63 —0.690 —-14
6.15 -0.769 -16
6.60 —0.705 —18
6.97 —0.814 -20
7.29 -0.970 —22
7.56 —-0.951 —24
7.7 —0.987 —26
7.93 —1.060 —28
8.09 —-1.321 -30
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Figure 5.13 Wilkinson power divider.

- 48 -



Ao ekste fd BE dvdAEs 54 Jduds z o i)
A AgtEQdoiar sttbd 19 5140049 go] 28 whabe] dt &
25 Ze IR g A o glew, A9 FA71 - (even), 7l
(odd) = o7] Rz 3% + Qv ¢ EEel 7] REs O
5137 2 2 ©x 57 RdE W
& AZE ARSIt 7R E | Y=

xdshd A (5.1 ¢ 2 (B.12)=E F3e 4 Q).

19 5.14 Wilkinson A8 $A47]¢ $, 7] & o7] 24,

Figure 5.14 Even and odd mode of Wilkinson power combiner.
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% 5.15 WEE Wilkinson A8 4719 §-, 7] BE o7 nd,

Figure 5.15 Even and odd mode of Converted Wilkinson power combiner.
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Table 5.4 Measurement result of Wilkinson power divider.

Port So1 [dBI S [11]
Port 1 -3.25 -16.3
Port 2 —-3.25 —-16.5
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Figure 5.17 Loop suppression and gain/phase matching requirements.
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3% 6.1 AjkE PPBAS &4 Ad¥ #H¥e] g 7l 4 ACPR 54
Table 6.1 ACPR characteristics of the proposed PPBA before improvement.

ACPR characteristics before improvement

[dBm]
Pout [dBM] RBW=30kHz, VBW=100Hz
2.1425GHz + 10MHz - 15MHz +20MHz
43 11.37 -14.25 -14.83 -22.63
42 9.97 -16.13 -17.17 -24.68
41 9.13 -19.44 -20.35 -26.58
40 7.74 -21.32 -21.75 -27.94
39 7.08 -23.12 -23.52 -29.79
38 5.98 -24.50 -24.09 -31.08
37 5.10 -26.06 -25.32 -33.31
36 4.85 -27.44 -26.12 -34.82
35 3.22 -29.31 -27.83 -37.30
34 2.32 -30.99 -29.26 -30.88
33 0.90 -33.50 -32.00 -40.87
32 0.84 -35.86 -34.04 -43.06
31 -0.91 -38.06 -36.27 -45.02
30 -1.02 -41.10 -39.18 -45.82
29 -2.61 4351 -41.47 -46.15
28 -4.01 -44.44 -43.48 4711
27 471 -45.36 -44.33 -46.63
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Table 6.2 ACPR characteristics of the proposed PPBA after improvement.

ACPR characteristics after improvement

[dBm]
Pout [dBM] RBW=30kHz, VBW=100Hz
2.1425GHz + 10MHz - 15MHz +20MHz
43 11.50 -31.80 -31.86 -35.44
42 10.38 -37.87 -37.77 -39.05
41 9.54 41.42 -40.48 -41.38
40 7.90 44.17 -43.81 -43.83
39 7.34 -43.97 4371 -43.84
38 6.03 -44.89 -45.36 -44.40
37 5.40 -44.99 -45.37 -44.45
36 5.25 4557 -45.66 -45.28
35 3.67 -45.89 -46.22 4573
34 2.74 -46.39 -47.00 -46.49
33 1.16 -46.08 -46.42 -46.38
32 0.73 -46.30 -47.07 -46.93
31 -0.52 -46.76 -46.69 -46.59
30 -1.89 -46.93 -46.71 -47.15
29 273 -46.46 -47.22 -46.88
28 -3.59 -46.72 -47.42 -46.76
27 -4.46 -47.26 -47.00 -47.42
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3% 6.3 At PPBAC w4 A¥ e w}& ACPR 7/|A%
Table 6.3 ACPR improvements of the proposed PPBA.

WCDMA 4FA improvements
[dB]
Pout [dBmM] RBW=30kHz, VBW=100Hz
+ 10MHz - 15MHz +20MHz
43 17.68 17.16 12.94
42 22.15 21.01 14.78
41 22.39 20.54 15.21
40 23.01 22.22 16.05
39 21.11 20.45 14.31
38 20.44 21.32 13.37
37 19.23 20.35 11.44
36 18.53 19.94 10.86
35 17.03 18.84 8.88
34 15.82 18.16 7.03
33 12.84 14.68 5.77
32 10.33 12.92 3.76
31 9.09 10.81 1.96
30 4.96 6.66 0.46
29 2.83 5.63 0.61
28 2.70 4.36 0.07
27 2.15 2.92 1.04
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Figure 6.10 ACPR improvements at the dynamic power level.
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