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A New Predistorter Using Low Frequency Intermodulation
Signals Injection of a Harmonic Generator
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SUMMARY  In this paper, a predistorter using low frequency
intermodulation (IM) signals is proposed. The harmonic genera-
tor of the proposed predistorter that consists of a hybrid coupler
and four diodes biased separately extracts a second order low fre-
quency IM signal. And with multiplication of second order IM
signals, fourth order IM signal is obtained. A vector modula-
tor, modulate fundamental signal with low frequency IM signals,
generates predistortion IM signals and controls amplitude/phase
of them with modulation factors. As a result, this predistorter
is suppressed individual order intermodulation distortion signals
of power amplifier effectively. The suggested predistorter has
been manufactured to operate in Korea PCS base-station trans-
mitting band (1840-1870 MHz). The test results show that the
third order IM is cancelled more than 20dB and the fifth order
IM is cancelled about 10dB for CW two-tone signals. Also, it’s
improved the adjacent channel power ratio (ACPR) more than
10dB for CDMA (IS-95) signals.

key words: predistorter, linearizer, vector modulator, power
amplifier, harmonic generator

1. Introduction

At present, it may be inconvenient to live without mo-
bile communication systems. In the past, the voice
quality of communications was the only essential is-
sue. However, it becomes that most people regard the
transmission of a lot of data as an important thing in
communication. Because of this circumstance, more
complex modulation and demodulation methods, and
broadband channel bandwidth are required for mobile
communication systems. When signals are amplified
in the power amplifier, unwanted harmonics and inter-
modulation distortion signals in addition to amplified
signals are generated simultaneously. These generated
IM signals increase bit error rate of data and interfere
adjacent channel signals and decrease the efficiency of
power amplifier [1]-[6].

In the third generation (3G) of mobile radio stan-
dards, very high linear transmitter that can support
high crest factor signal is demanded than ever. So to
power amplifier designer, high linearity and high effi-
ciency are critical issue. In fact, as the power amplifier
operates close to saturation region where both high ef-
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ficiency and high output power emission are achieved,
the degradation of linearity becomes significant. Com-
promise between power efficiency and linearity must be
considered. Or linearization technique to recuperate
nonlinearity of power amplifier is only solution. In this
paper, a new predistorter that creates inverse trans-
fer characteristics of power amplifier is proposed for
linearization of an BRI power amplifier. The proposed
predistorter consisted of two part. First, the harmonic
generator extracts low frequency IM signals with four
diodes and then AM modulator is modulated original
signal with extracted IM signals. Second, vector mod-
ulator is combined I and Q modulation signal. It's a
generated IM signals. Then the generated modulation
signals are controlled by individual order of IM so that
drawbacks of a conventional predistorter, such as nar-
row bandwidth and low improvements of IMs, are over-
come and guaranteed a wide dynamic range [1]. It sim-
ply involves the creation of individual order distortion
that is precisely complementary to the distortion char-
acteristic of the RF amplifier in order to ensure that the
resulting system has little or no input-output distortion
[2-16].

2. Operation of the Circuits

The harmonic generator of the proposed predistorter
has a simple structure form. The harmonic genera-
tor consists of a hybrid coupler and four diodes with
similar characteristics, which is operated on different
operation points by biasing separately and generates
low frequency intermodulation signals of input signal
without any other devices.

Nonlinear transfer characteristic of harmonic gen-
erator is expressed as power series.

V, = kyv; + kov? + ksvd + kgul + -+ (1)

where v; is input and v, is output signal.
If input signals are two-tones, it is expressed as
follow

V; = A(coswit + coswat) (2)

Unlike other predistorters, desired signals obtained
from the harmonic generator are just the second order
low frequency intermodulation signals. It's explained
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Fig.1 A detailed circuit of the harmonic generator.
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Fig.2 A simulation result of harmonic generator after diode
bias voltage controlling,.

below an expression.

Hy = kyv?

1 ;
ko A% + 5162.42 [cos 2wyt + cos 2wat
+ 2 cos(wy + wa )t + 2cos(wy — w )] (3)

The desired signal (ws —w1) is one element of sec-
ond order harmonics (Hs) as shown Egs. (1), (2) and
(3). Figure 1 shows a detailed circuit of harmonic gen-
erator proposed in this paper. The harmonic generator
has four bias voltage controllers (Vi, V5, V3, Vy) that are
random controlled to bias diodes and four diodes that
are biased separately to generate only desired second
order IM term.

Also, harmonic generator output port is matched
with 50 ohmn resistor terminated quarter-wavelength
open stub, so that the main signal is null and only
low frequency second order intermodulation signal is
passed.

A simulation of harmonic generator has been per-
formed with ADS2001 software of Agilent Technolo-
gies. Figure 2 shows the simulation result of a har-
monic generator after diode bias for two-tone signals.
And Fig. 3 shows low frequency second order intermod-
ulation signal measurement results in case of CW two-
tone, CDMA 1FA, and CDMA 2FA. At Fig. 2, Fig.3
the simulation and measured conditions are followed
that harmonic generator input power is 0dBm, two-
tone frequencies are 1854.5 MHz, 1855.5 MHz, and four
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Fig.3 (a) Low frequency intermodulation signal at two-tone
signals. (b) Low frequency intermodulation signal at CDMA 1FA
signal. (¢} Low frequency intermodulation signal at CDMA 2FA
signal.

bias voltages are almost similar to simulation condition.
Also, diode model is used to provide ADS2001 software.
Consequently at two-tones condition, measured results
are almost similar to simulation condition. These are
expressed validity of the above harmonic generator.
The level of low frequency intermodulation signal
(ws —wq ) generated from the harmonic generator is big
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Fig.4 Acschematic of the proposed linearzation power
amplifiar.

enough to modalate with fundamental signal in the AM
modulator and the varviable gain amplifiers (VG As) that
contral modulation factor are nsed in onder to' cancel
the third order intermodulation of power amplifier.
Figure 4 shows a schematic of the proposed pre-
distortion power amplifier. The IM generator uses the
structure of vector modulator composed of in-phase and
guadrature-components. The VGAs are controlled in-
phase and quadrature low frequency M signal, Finally
the structure of vector modulator is generated predis-
torted signals. This predistorter controls the amplitude
and phase of intermodulaton distortion components at
the same time: 1t provides faster adjustment of phase
and amplitude than that provided with conventional
caontrollers consisting of variable phase shifter and vari-
able attenuator. The automatic level control [ALC)
cirenit at the input port stabilizes the deviee making
constant IM signal in spite of sensitivity of incoming
power level. The fourth order intermodulation signal
(Zws = 2wy) wlso can be gencrated by multiplication
the low frequency second order intermodulation sfgnal
obtained from the harmonie generator. This signal is
added with second order IM signal (we — oy ) and mod-
ulation factor s also controlled to cancel the fifih order
intemodilation of power amplifier using in-phase and
quadratine structure. The signal (W — wy ). generated
from the harmonic generator nnder proper bias condi-
tioms, and multiplied signal (2w — 20 ) are modulated
with a main stgnal in the AM modulator and the vee-
tor modulator output is generated the predistorted TV
signals and then the four VGAs are used to control
the predistorted thivd and fifth TV sienals individoally,
The 1 and  components in vector modulator are ex-
pressed as follow,
In-Phase Signal

W = A(l 4 B eosuwt + O cos2w,t)

s eomswed 4 coswest)

Af
= Acogivgt 4 2-1:05,'(.;.;, bty 1

b cos(wer — wm )t + A coswiat

a

1T
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Phasa
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Fig.5 Amplitunde and phase variation of modulated signal

A AR
+ —— cos{w. + Wy ) =+ =5 cosl i — i )L

+ :'_2:'1.‘.4}.‘:11.1.1.',1 + Lty Jb+ ‘?Lm[“‘r'l = Jw )t
Al AC
+ g o08{waz + 2w} + —— cos{iea — S It
(4)

Quadrature Phase Signal

Vi = All + Beoswmt + O cos2umt)

=[5l wer - Attt

Asinwat + %’-’-ﬂin{wl-l +wat
AB

+ sinfwey = wiy ) + Asinwaf

3 ADB .
“ %GH i + Winlt 4 :]E;- Sin (Wl = o )

A Ac! :
+ -{.-z— sinfwiy + 2w Jt + - sinfwer — 2 )t
3 % *ii-u{"-'-"rﬂ ¥ :-?"'-""rrl.]t + %Hiﬂ(@'ﬂj T 2'\'-1'-'111:'#
{5)
where 4, wiywe are amplitudeand fréquencies of CW
two-fones

Bowy, are mnplitude and  fréeguency of low e

gquency second order IM signal,

" ig amplitude of low frequency fourth order Ih

sigrnial,

The low frequency IM zignals generated in pro-
posed barmeonic generator are Frequency-transfereed to
predistortion IM3 and ING signals of power amplifier,
The predistorted signals are consisted of Tand € com-
ponents.  So, when we are only changed amplitude
of low frequency IM signal, the 1 and Q components
are changed amplitude and phase simultaneously. The
moddulation factors adjustment of low frequency IM
signals controls the phase and amplitude of the pre-
distorted IM3 and M5 components.  Figure 5 shows
that when the low frequency second order IM signal is
changed amplitude with modulation factar, the predis
torted signals are changed amplitude and phase simul-
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taneously.
3. The Results of Experiment

To show validity of the proposed predistorter, the power
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Fig.6 ACPR improvements for power variation in case of
CDMA 1FA.
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amplifier (STA1800-37 of Sewon Teletch), developed for
a base station or a repeater of Personal Communica-
tion Service (PCS) in Korea, is used. The gain and
1-dB compression point of power amplifier are 50dB
and 37 dBm, respectively. The Schottky diodes of har-
monic generator to generate low frequency intermodu-
lation signals are HSMS-282C and HSMS-2852 of HP.
The delay circuit is compensated by a coaxial delay line,
which is about 14ns in this experiment. In the CW two-
tone test. the IM3 component is cancelled more than
20 dB and IM5 component about 10dB for 7dB output
power variation. Additionally the cancellation of the
IM components is improved in the broad bandwidth
and the wide dynamic range of the power amplifier. In
the CDMA test, the spectral regrowth is improved more
than 10dB at the 1FA and multi-FA signals. The pro-
posed predistorter linearizer is limiting to improve IM3
and IM5 components only. Figure 6 shows the ACPR
improvements for power variation in case of the CDMA
1FA. Figure 7 shows the CW two-tone results. The test
frequencies are 1854.5 MHz, 1855.5 MHz with frequency
spacing is 1 MHz and output power is 37.17dBm. Fig-
ure 8 shows the CDMA one-tone results.

REF 41.4 aBm ATT 20 B A_view B_blank
MARKER | " |i785%886 | Gz
1.655886 GHiz -B.65| d
1
REF OFST ] \
41.4 08

A |
b

Ft il

RBW
30 kHz N 7
VER : f g
10 kHz g
SWP
50 ms
CENTER 1.B55000 GHz SPAN 5.00 MHz
(a)
REF 41.4 dBm ATT 20 dB8 A blank B view
10031 — S - S5 - g = _..._.-—-—| SE————
h

MARKER 1856886 | Gz

1.85588&_ Gz ] -20 .62 | dBm

REF OFST —
41 .4 4B \
5 3
ABW " , b
30 kHz iy, |
LI F&zf .
ri

WP
HOVmEL s P

CENTER 1.855000 GHz SPAN 5.00 MHz

(b)
Fig.8 (a) CDMA 1FA output (PA) @Po=35.13dBm. (b)
CDMA 1FA output (LPA) @Po0=35.13dBm.



KIM et al.: A NEW PREDISTORTER USING LOW FREQUENCY INTERMODULATION SIGNALS INJECTION

REF 36.0 dBn ATT 20 dB  A_view B_blank
108/
|
MARKER 185640 | G
1.8564D 6H3 4 51p.45| dB
fuhd Wl !‘ ey
REF OFST
41.4 dB
1 2 7 5]
ABK
30 kHz
VEW
10 kHz
SHP
S
CENTER 1.85500 GHz SPAN 10.00 MHz
(a)
REF 36.0 dBm ATT 20 dB A blank B_view
10d8/
i
MARKER 1.85640 | GH]
1.8564) GH{ 4 5 14.72 | dBn
hAA /i

REF OFST|
41.4 dB

o

RBW 1

30 ki : Bt
ra o
VBW
10 kHz
SWP
100

S
CENTER 1.85500 GHz
(b)
Fig.9 (a) CDMA 2FA output (PA) @Po=34.33dBm. (b)
CDMA 2FA output (LPA) @Po=33.83 dBm.

SPAN 10.00 MHz

The output power is 35.13 dBm and test frequency
is 1855 MHz. Figure 9 shows the CDMA 2FA results.
The test frequencies are 1853.77 MHz, 1856.23 MHz and
frequency bandwidth is 3.69 MHz. Figure 10 shows
the CDMA 4FA results. The test frequencies are
1838.81 MHz, 1841.27 MHz, 1843.73 MHz, 1846.19 MHz
and frequency bandwidth is 8.61 MHz. The test signal
generator is ESG4433B of Agilent Technologies. This
equipment was observed at center frequency something
like the carrier leakage.

4. Conclusions

In this paper, a new predistortor using simple and ef-
ficient. harmonic generator is suggested. The harmonic
generator extracts the second low frequency intermod-
ulation signals and modulates input signal with the
extracted IM signals in AM modulator. Hence, the
amplitude and phase of the IM components are easily
controlled simultaneously because the vector modulator
consists of in-phase and quadrature phase components,
and its performance reduce the effort of retuning the
attenuators and the phase shifters.
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Fig.10 (a) CDMA 4FA output (PA) @ Po=34.32dBm. (b)

CDMA 4FA output (LPA) @ Po=33.82 dBm.

In the experiments, good IM cancellation charac-
teristics are obtained for a wide dynamic range and
many kind of signals. If we attached adaptive controller
in the proposed predistortor, it is expected that the
proposed predistortion method may be applied to many
kind of power amplifiers. Because the low frequency IM
signals are easily obtained for multi-carrier signal, the
proposed linearizer is used to implement multi-carrier
linearizer. Also, when RFIC or MMIC design technolo-
gies are used, the compact size of the predistorter are
possible to implement.
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