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Abstract - In this paper, we correlate the two-tone test
data, third order inter-modulation distortion ratio (IM3R)
with the ACPR from multi-tone test for broadband signals
at 1.95 GHz and 2.4 GHzi We also up-convert these
broadband signals to millimeter-wave frequency to verify
the correlation equation for 44-GHz power amplifiers.
These measurement results show good agreement, within
± I dB, between two-tone and multi-tone tests up to the P1dB
point. It is observed that, as the input power increased, the
multi-tone ACPR has a similar trend as the ACPR for
broadband signals, like WCDMA and 16-QAM in
microwave and millimeter-wave frequency band.

Inde-x Terms - Communication system nonlinearities,
ACPR, IM3R, Millimeter-wave.

1. INTRODUCTION

With the fast development of cellular and personal
wireless communication system, such as IS-95 CDMA,
WCDMA, IEEE 802.1 Ig, and etc., microwave frequency
band have become crowded with various applications.
Therefore the need to enhance spectral efficiency is an
urgent issue. To utilize the limited bandwidth effectively,
modern digital communication systems tend to use
complex digital modulation schemes which have
stringent linearity specifications of the power amplifier to
reduce the spectral re-growth.
ACPR measurements represent the industry standard in

linearity of power amplifiers. Due to the expensive cost
and complex excitation of the digital-modulated signals,
investigations and calculations of linearity have been
made to get results closer to the system's final operation
regime with two-tone test. The most popular way is
finding a relationship between third order inter-
modulation distortion ratio (IM3R) and ACPR. It has
been found that ACPR and IM3R have correlation under
2 GHz with bandwidth of 1.2288 MHz [1]. Other works
involve with the relationship between two-tone test IM3R
and multi-tone test ACPR to approach the digital
modulated signals [2]-[4]. Also, another equation for
CDMA signal has been shown in narrower bandwidth
under 2 GHz [5] [6].

In this paper, we verified that the correlated equation
between multi-tone ACPR and measured IM3R still can
be used in broadband signal, such as 3.84 MHz main
channel bandwidth for WCDMA and 16 MHz main
channel bandwidth centered for IEEE 802.1 Ig.
Furthermore the correlated equation can be applied in

millimeter-wave frequency band. By using two-tone test
and correlated equation, the ACPR of the millimeter-
wave power amplifier can be calculated simply without
generating digital modulation signal in millimeter-wave.

II. DISCRIPTION

For characterization of nonlinear system or devices
such as power amplifier, multi-tone carriers generated
from sinewaves, typically with constant tone spacing is
an adequate extension of the use of two-tone signals for
estimating the nonlinear distortion products. Therefore,
we start our analysis by exciting multi-tone carrier signal.
And, the correlated equation between multi-tone ACPR

and measured IM3R obtained from a conventional two-
tone test (lM3R2tone) was derived in [2]. This paper
assumed that the nonlinear system is a memoryless third
order microwave circuit. The final equation is shown as

ACPRmtiltiione = IM3R2-,,,, +10 log l -6

(I)
Here, n represents the number of multitone carriers in

main power band, and A and B which are both fumction of
n represent the modified terms defined in [2].

111. BROADBAND SIGNAL ACPR IN LOW FREQURNCY

In order to be sure of the correlated equation still can
be used to replace measured ACPR from multi-tone
signal with measured IM3R in broadband signal; we
started the measurement test with 3.84 MHz main
channel bandwidth centered at 1.95 GHz for WCDMA
and with 16 MHz main channel bandwidth centered at
2.4 GHz for 16-QAM digital modulation signal.
The two-tone signal and multi-tone carriers were

generated by Agilent E4438C ESG Vector Signal
Generator. The device under test (DUT) is MAXIM
power amplifier evaluation kit MAX2247.The
measurement setup is shown in Fig. 1.
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Fig. 1. Multitone intermodulation distortion spec
measurement setup in low frequency.

First, we chose the two-tone frequency spacing eq
to 100 kHz (the square marked one) to measure the II\
Next, we restricted multi-tone sine wave compoi
placement to a 60 kHz grid in 3.84 MHz to approxir
WCDMA signal and 250 kHz grid in 16 MHz to ei
the digital modulated signal 16-QAM. This restric
cause the number of multi-tone to six: n = 3, 5, 9, 17.
65 (64 for Agilent E4438C maximum tone number).
As we started the multi-tone test increasing from n

to n = 64, we found that the accuracy of the equatio
calculated ACPR to measured ACPR is also increas
which agrees with data from [2]. Therefore, we take
64-tones as an illustration.

Calculating the two intermediate values with n = 64
equation (1) gives:

ACPRmiititione = IM3R2 tone -1.17652

Use equation (2) to calculate the multi-tone A(
with measured 1M3R2-tone from two-tone test and mea
the ACPR generated from multi-tone, and modul
signal, then we can have the following comparison res
which are shown in Fig. 2. Note that we herein measi
ACPR by the ratio of upper bond adjacent channel
main power channel.
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Fig. 2. Verification between measured and calculated ACPR
for broadband signal with 64 tones in low frequency.(a)
WCDMA (b) 16-QAM.

n in From the above figure, we found that there is a
sing, deviation less than ± IdB under the P1dB point between
the measured ACPR and calculated ACPR from equation (2)

for broadband signal. As gain falls to the P1dB point and
( in near the saturation region, the calculated results have a

little difference with the measured results. This is because
(2) near I dB gain compression point, the assumption of
(2) equation (2) does not agree with the real situation
CPR because of the higher order nonlinear distortions need to

Lsure be considered.
ated
sults
ured IV. IMPLEMENTATION AND MEASUREMENT IN
and MILLIMETER WAVE FREQUENCY

The millimeter-wave measured instruments and
devices list as follow: we used Agilent E8247C PSG as a

32 local oscillator (LO), Agilent E4438C ESG as a baseband
to intermediate frequency (IF) vector signal generator,

30 Wisewave Module FDS-2F210812-01 as a sub-harmonic
2 pumped mixer, Wisewave Power Module AHP-
28 42042530-01 as a driver amplifier to drive the power
27 amplifier we need, QuinStar Power Module QGW-
26 ' 38481728-JO as a device under test (DUT), and Agilent
25 i E4448A PSA as the spectrum analyzer. The millimeter
24 I)

wave multi-tone spectrum measurement setup is shown in
23 Fig. 3.
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Fig. 3. Multi-tone inter-modulation spectrum measurement
setup in millimeter wave frequencies
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We set the millimeter-wave center frequency at 44
GHz to be our test frequency. Hence, we chose LO at 24
GHz, IF at 4 GHz and used sub-harmonic mixer to mix
the IF signal to 44GHz. Because of the conversion loss in
sub-harmonic mixer and cable loss at such high
frequency, we need a driver amplifier with high gain and
power to drive the DUT (PA) we need.
The measurement ACPR from multi-tone carrier with

64 tones and the calculated ACPR used the same
equation (2) for broadband signal 3.84 MHz (WCDMA)
and 16 MHz (16-QAM) are shown in Fig. 4(a) and Fig.
4(b), respectively.
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Fig. 4. Comparison between measured and calculated ACPR
for broadband signal with 64 tones at 44 GHz millimeter wave
frequency. (a) WCDMA (b) 16-QAM

Comparing the measurement results in low frequency
(Fig. 2) and in millimeter wave frequency (Fig. 4), we
found that the precise region also up to the P1dB point
with the tolerance around ±1dB due to measurement
deviation in millimeter-wave frequency.
We also found that as the signal bandwidth get wider

(Fig. 4(a) and Fig. 4(b)), the difference in the linear
region (below 1dB compression point) between
calculated results and measured results will become
larger.

From Fig. 2 and Fig. 4, we showed that the ACPR of
the digital modulation signal, such as WCDMA, 16-
QAM has the similar trend with the multi-tone carrier
inter-modulation component in low frequency and in
millimeter wave frequency, but it is overestimated by
approximately 5 dB near the P1dB point. This comparison
result has good agreement with narrower band signal data
from [2].

VI. CONCLUSION

In conclusion, this paper we verified the relationship
between IM3R and multi-tone ACPR can be used for
broadband signal up to 16 MHz power channel
bandwidth at 44 GHz millimeter wave frequencies. And
as the power channel bandwidth goes wider; the
difference between IM3R and ACPR from multi-tone
will becomes larger. We also showed that the correlation
between multi-tone ACPR and ACPR of broadband
signal in microwave and millimeter wave frequencies has
similar trend but is still overestimated.
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