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Abstract — This paper presents a new predistortion
methods which injects the 2™ order low frequency
intermodulation signal of RF signal into the input bias
line of the amplifier. We show this technique can
suppress the 3@ IM and the 5% IM apparently by
adjusting 2 factors, phase and amplitude, through
mathematical analysis, and then confirm it with
simulation. And we design digital cellular amplifier to
show wvariation of the optimal performance without
additional circuits or controls for the operating range.
When the input signal CDMA IS-95 1FA was applied,
measured ACPR improvements were 25dBc, 22.5dBc,
and 6dBc at 0.855MHz, 1.25MHz, and 2.25MHz offset
respectively. Also, when applving the CDMA 1S-95
3FA, the measured ACPR improvement showed 16dBc
at 0.885MHz offset.

L. Introduction

In recent years, the mobile communication systems
have used modulation methods like CDMA, QAM,
QPSK etc to use the frequency resource efficiently.
However, these methods have high peak to average
power ratio and fluctuant envelop of RF signal. Also the
power amplifier is operated to extract maximum output
in the saturation region. In that region, the nonlinear
characteristics such as distortions of amplitude and
phase are very serious. These distortions give rise to
interferences in adjacent channels. Therefore, it is
needed to compensate the nonlinear characteristics by a
linearization technique [1]-[3]. Predistortion is a
linearization technique which lays a circuit with inverse
distortion characteristic at front of the power amplifier
to cancel the distortion signals of the power amplifier.
Predistortion have many advantages such as a broad
bandwidth, wide operation range, light weight and

smaller size, but not good linearizing effects than
feedforward technique. Recently, several papers using
harmonic injection or the 2™ low frequency inter
modulation signal have been reported [4]-[6].

In this paper, we can implement a predistortion
linearizer using 2™ order low frequency intermodulation
signal injection. After detecting the 2™ low frequency
inter modulation signal from input signals, it is injected
into the input bias line of the power amplifier. In result,
we can carnicel the distortion components IM3 and IM3
at the same time by generating the inverse distortion
characteristic of the power amplifier itself.

II. THEORY

Figure 1 shows the proposed linearizer block diagram.

The linearizer consists of a power divider, the 2*! low
frequency inter modulation signal detector, a variable
gain amplifier (VGA), a transformer, an input bias line,
a phase shifter, delay line and an amplifier. The input
gignal is split into the power amplifier path and
LFIM, signal detector path by the power divider. The
signal of the power amplifier path goes toward the
variable phase shifter. And then, it is amplified and
generates the intermodulation components by the
nonlinearity of the amplifier. The signal of the detector
path goes to the circuit of the LFIM, signal detector.
And then the amplitude of detected signal is change by
the VGA. The LFIM, signal goes to the bias line
through the transformer. As shown in figure 1,
intermodulation components are generated by the
nonlinearity of the amplifier and injection of detected
gignal. Making the same amplitude and out-of phase of
these signals, we can linearize the 3™ intermodulation
distortion component of transistor.
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We assume that the nonlinearity of the amplifier can
be expressed in terms of a power series like (1), which
is truncated beyond the 3™ order term.

Vour )= 8173 () + 8275, () + 239, (1) ey

Where g,8; and g; are the coefficients of the
nonlinear amplifier. Here, we apply the 2-tone input
signal, viﬂ(f)= acosanf+acosm;f . Injection of the
LFIM; signal into the bias line affects input bias so
that the output gain has the variation. As a result, we
can consider a signal modulation like an AM
modulation. So, the input signal, v;n(t) , may be
expressed as

v;n(l‘)= 1+beos(a;2 —wl)t}
x ajcos wlr—621)+ cos(mgr—ﬂgl)} 2)

Where « is the amplitude of input signal, &, is the
phase component of signal, and & is the LFIM,
amplitude and it can be controlled by the voltage zain
amplifier. Substituting (2) nto (1), and considering only
the 3™ intermodulation distortion components at the low
frequency side band, by assuming that g >» g7 and
a >> b. The large correlative terms are as

0.756G;4” cos(Ca t — w1 +6,,) 3)

0.5G ab cos(2m1 - aJQf) (4)

(3) is a component generated by the main signal, (4) is
the one generated by the LFIM, signal injection. If
b=1.5Gya’ /G| , 6 =180° or -180° , the IM3
component can be suppressed And, the IMS5
components are generated by the mjection of the
LFIM, signal. The dominant term is given by

1.125g;’b cos(3e t — 2a,7) (5)

By proper control of the LFIM,;, the IMS
components, which are generated by amplifier itself,
can reduced. Namely, we can cancel the IM3 and IM5
components with the appropriate choice of amplifier by
the injection of the LFIM, only.

Figure 2 shows the simulation circuit using the ADS
of Agilent. Here the power amplifier and the detector of
the LFIM, signal are represented as symbols. Their
detail circuits are shown in figure 1. And simulation
results are also show in figure 3. Where center
frequency is 880MHz and 2-tone spacing is 1MHz.
Improvements of IM3 and IM5 characteristics are
36dBc and 17dBc, respectively.

ITI. EXPERIMENTATL RESULTS

To show the validation of the proposed linearizing
method, the circuit has an MRF3581 of Motorola with
input bias just like figure 1 was fabricated. The

measured gain and P1dB are 12dB, 18dBm respectively.
The detector circuit consists of an ERASSM amplifier,
coupled parallel lines using open circuited lines,
inductor Ls, and capacitor Cs. The amplifier used for
extraction of LFIM, is the ERA-58M of Minicircuits.
The coupler with open stubs cuts off the main frequency
like a filter and series LC circuit the LFIM, signal
Controlling the phase of the power amplifier path and
the amplitude of variable gain amplifier at the gain
suppression point, we obtained data of the phase and the
amplitude with optimal output characteristics. Measured
results needed the constant phase and the amplitude
variation of 15dBm/7dBm. Then, we nvestigated the
slop variation of the LFIM, signal detector and matched
two slops appropriately. Consequently, an implemented
linearizer operated well for wide output range without
additional adaptive control circuits.

Figure 4 shows the improvements in characteristics
before and after the LFIM; signal injection at the
output power 12.5dBm, when the 2-tone input with
center frequency 880MHz and 1IMHz spacing is applied.
The improvements in IM3 and IMS3 are 36dBc and 9dBc,
respectively.

Figure 5 shows the total improvement characteristics
for the output power 3.3~13.3dBm. As shown in figure
5, IM3 and IMS are carcelled together for the wide
output range. Especially, the IM3 improvement shows
36dBc at the output 12.5dBm, and that of IM5 1s 18dBc
at output 11.7dBm. At the low output power ranges,
output signals are so pure that IM cancellation can be
shown somewhat poor.

Figure 6 shows an improvement characteristic when a
CDMA I5-95 signal with the center frequency 880MHz
and the output power, 13.4dBm, is applied to the
amplifier. The ACPR improvement characteristics show
25.1dBc, 22dBc, and 5dBc at 0.855MHz, 1.25MHz, and
2.25MHz, respectively.

Figure 7 shows improvement characteristics for the
output power range 4.1~14.3dBm. We measured ACPR
improvements at 0.885MHz, 1.25MHz, and 2.25MHz
offset from the center frequency, 880MHz. As this
figure shows, we can see excellent ACPR
mprovemerits for the wide output range.

Figure 8 show experimental results, when CDMA IS-
95 3FA with output 13.4dBm and center frequency
8380MHz are applied to the amplifier. In figure 8, the
ACPR improvement shows 16dBc.

IV. CONCLUSION

In this paper, we have discussed the proposed
predistortion method using the injection of the LFIM,
gignal. We have shown the possibility of canceling TM3
and M35 together and the improved performance in
theory, by simulation, and in practice. When CDMA
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1FA is applied to a fabricated linearizing amplifier, we
obtained the ACPR improvement 25.1dBc in case
output level 13.5dBm at 0.885MHz offset. And also, by
matched the slop of the required variable gain amplifier
and the slop of the LFIM, signal detector, we hawve
shown optimal improvement results without additional
circuits or control for the output range. The proposed
method was experimented at the low power. But it has
shown a very excellent ACPR cancellation performance.
Therefore, we need to apply for the higher power in the
next time.

REFERENCES

[1] Peter B, Kennington, High Linearity AF Design, Artsch
Housze, 2000,

[2] D. L. Tatterstall, “Feed Forward Amplifier Network with
Frequency Swept Pilot Tone” TS Patemt. nob,
130,663,1992,

[3] Yong-chae Jeong, “A design of Predistortion linsarizer by

individual order control of intermodulation distorfion

gignals,” Dissertation, Sogarg Uni, 1996,

Colin 3. Altchizon, Modeste Mbabele, M. Reza moazzam,

Djuradi Fudirnir, Fazal Ali, “Troprovement of Third-Order

Intermodulation Product of RF and Microwave Armplifiers

by injection.” IEEE trams. on Microwave Theory and Tech,

val, 49, no. 6, pp. 1148 ~ 1154, JTune 2001,

[5] Chun-Wah Ran, Kwolk-Keung, M. Cheng, “Theoretical

and Experimental Study of Amplifier Linearization Based

on Harmonic and Bazeband Bignal injection Technique™

IEEE trans, on Microwave Theory and Tech, vol, 50, no.7,

Tuly 2002,

Toungoo Yang, Young Yun Woo, Bummam Kim, “ New

Predistortion Linearizer Using Low-Frequency Ewen

Crder Intsrmodulation Components.” IEEE trams. om

Microweanve Theory and Tech, vol.50, no. 2, pp. 446 ~ 452,

Feb. 2002,

[4

[&

B, ... e

e T

Fig. 1 Proposed linearizer block diagram using the LFIM,
gignal injection into a biag line.
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Fig. 3 2Z-tone input simulation results using ADS without and
with LFIM, signal injection. (a) Without LFIM, signal
injection (b) With LFIM, signal injsction
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