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Abstract—This paper describes a novel technique to com- phased-array antenna system will have hundred of elements
pensate for the intermodulation (IM) distortion components composed of high-power amplifiers and antennas to achieve
of high-power amplifiers in an active phased-array antenna pigh frequency efficiency. The monolithic-microwave inte-

system. This technique uses IM phase control to break the strong L . L
association between carriers and IM components, and can make grated-circuit (MMIC) technique can make numerous circuits

the radiation patterns of carriers and IM components different ~ Of the same quality and is suited to producing the predistortion
on active phased-array antenna systems. As a result, carrier linearizer for an active phased-array antenna system. However,

power to IM power ratio (C/IM) is increased in the carrier-beam  conventional predistortion linearizers operate poorly in the

direction. A newly developed IM controller can increase the C/IM a1 saturated region, which offers high power efficiency. It is
of near-saturated solid-state power amplifiers and, therefore, . . . . . .
achieve high power efficiency. This paper shows experimental important to realize distortion compensation techniques that

results confirming this technique using a six-element linear array. allow high-power amplifiers to operate in the near-saturated
Index Terms—intermodulation (IM) distortion, monolithic region.

microwave integrated circuits (MMICs), phased array, power 10 address this problem, we proposed an IM controller that
amplifiers, satellite communication on-board systems. can control the IM of a near-saturated high-power amplifier, and

an IM control technique for use with a balanced high-power am-

plifier array [4]—-[6]. This paper describes an IM control tech-

nigue in an active phased-array antenna system. The principle
N MOBILE satellite communication systems, there isf the technique is described as well as the developed IM con-
a demand for increased capacity due to the advent tpbller. The experimental results obtained by applying IM con-

broad-band communication services to supply voice comrel to a six-element linear array antenna are reported. It was

munication, E-mail, World Wide Web content, movies, etgested to create an IM radiation pattern that is different from a

However, if mobile satellite communication systems are fearrier radiation pattern.

support smaller earth stations, such as handy phones, the

satellites must have high levels of effective isotropic radiated

power (EIRP). One of the most interesting approaches to [. IM CONTROL TECHNIQUE

achieve high EIRP is an active phased-array antenna syste . .

[1]. Such agsystem requires high—;?ower amplifiyers that can}(/)fferrove call our propqsed tech_mque the IM control technique. It

kilowatt-class RF power. Since mobile satellite communicati pntrols IM phase in an active phased-array antenna system.

systems use multicarrier transmission, high carrier power ﬁvlnfih?lwls trt]i(\a/ corr:cep(tj ofrrthe lnl\t/l r(:r?ntrol tterf]hc\'/ﬂuﬁ' Inrr;ar
intermodulation (C/IM) power ratios is required. HoweverPOnventonalactive pnased-array antenna system, when carriers

amplifiers must tradeoff power efficiency against intermodula‘li-re Eombtljned ln-ph?fr]e, trt'e M comp(_)nt_entsba:\,ev also comblnedd
tion (IM) distortion components. Thus, on-board high-pow -phase because ot the strong assoclalion between carriers an

amplifiers must be used at low power efficiency to minimize | components. Accordingly, carier-beam direction and IM

components. This is a serious problem because satellites h gam direction are almost the same, as shown in Fig. 1(a). On
i S other hand, in the proposed active phased-array antenna

poor heat dissipation. Many compensation techniques ha ¢ h . bined in-oh the IM
been developed that try to reduce the nonlinear distortion of¥orem, When carriers are comoined in-pnase, the com-
nents are not combined in-phase due to the IM controllers.

high-power amplifier. Predistortion linearizers have been us th . diati it d IM radiati it
for satellite high-power amplifiers because of their simplicit ence, the carrer radiation pattern an radiation pattern are
ifferent, as shown in Fig. 1(b). As a result, C/IM is increased

light weight, and low power consumption [2], [3]. Future acti . T
'ghtweig W pow umption {2], [3]. Futu IValong the carrier-beam direction.

. INTRODUCTION

Manuscript received April 4, 2002; revised August 27, 2002. This wor’lé L
was supported in part by the NTT Network Innovation Laboratories, NTR- Principle of IM Controller
Corporation. . . .

T. Kaho, T. Nakagawa, and K. Araki are with the NTT Network Innovation _TO Improve C/IM, each IM component Ina hlgh-power am-
Laboratories, NTT Corporation, Yokosuka 239-0847, Japan (e-maplifier must be controlled. The required functions for the IM

kaho@ wslab.ntt.o.jp). , controller are IM phase control and amplitude control. To re-
K. Horikawa is with the Radio Network Development Departmentalize the proposed IM control techniaue. we selected a predis-

NTT DoCoMo Inc., Yokosuka 234-8536, Japan. . proposed IM lque, w predi
Digital Object Identifier 10.1109/TMTT.2002.805136 tortion-type linearizer in the RF frequency band to control the

0018-9480/02$17.00 © 2002 IEEE



2988 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 12, DECEMBER 2002

HPA  Antenna  Radiation pattern divided among the linear and nonlinear paths. In the nonlinear
M Carrier path, carrier phase is shifted by the VPS, while carrier amplitude
is controlled by the VGA1L. The carriers in the nonlinear path
are then converted into second-order harmohids,q s by the
frequency doubler as follows:

XX

BFN .
Manay = oA { sin (w1t + go1 + A9Y™)

+ sin (wzt + 2o + A¢>¥PS) }2 (2)

wherea is the conversion factor of the frequency doublérijs
the amplitude of each carrier, and; and ¢, are the phases
of the respective signals at the output point of the frequency

@) doubler; they depend on the electrical length of the path. Equa-

HPA  Antenna Radiation pattern tion (2) contains dc, the mixing products in the low-frequency
] M Carrier band, and the mixing products in the second-order harmonic fre-
1 IMC |— . .
guency band. The dc and mixing product in the low-frequency

band are filtered out by VGAZ2. Additionally, VGAZ2 can control
the amplitude ofiM»,q5 by using VGA2 control voltagd/.
Thus,IMayay is expressed aB\/[;ndf as follows:

BFN: Beam forming network

— IMC

e BFN

IMIQde :AH{ CcoSs (2w1t + 2¢21 + ZA(ZS}YPS)

— IMC

+ cos (2wat + 2¢2; + 2405 °)
oM + 2cos ((w1 + wa)t + a1 + P22

IMC: Intermodulation distortion controller
(b)

Fig. 1. Concept of the IM control technique in active phased-array antenna
system. (a) Conventional active phased-array antenna system. (b) Proposed ) . . ) . .
active phased-array antenna system. In practice, input signal leakage is contained in the output

spectra of the frequency doubler. However, this component is
IM phase. Itis suitable for an on-board high-power amplifier bea-ISO filtered .OUt'
N . . .~ The amplitude modulator causes IM components to be gen-
cause itis simple, light weight, and has low power consumption, .
: o . efated in the fundamental frequency band
We proposed an even-order distortion implemented IM distor-
tion controller (EODIC)..It has been evaluated as a linearizer AMow =Ciin(K + 0 - IM,anf)
[7], and shown to offer high IM control performance [8].
The block diagram and functions of the EODIC for a
two-tone carrier input are shown in Fig. 2. The EODIC consistsh
L . : ereAM
of a two-way power divider, a variable phase shifter (VP . . . . .
. . . ... the input carriers of amplitude modulator via the linear path,
(see Fig. 2), a frequency doubler, two variable-gain ampl'f'elrsafactorofC- which indicates the insertion loss for the input
(i.e., VGAL and VGA2 in Fig. 2), an amplitude modulator, and Lins P

e . arriersC;,,, (3 is a modulation factor that depends on the ampli-
an output buffer amplifier. Since the spectra are converted {0 / -
: . . tudes and phases 6f;, andIMZde and on the characteristics
the second harmonic frequency bartd({) in the nonlinear

path, the residual carriers in the fundamental frequency ba(|?1f01he amplitude modulator, such as bias voltages. out

: consists of two terms. The first term indicates the character-
gr\e/ptgm\?vﬁgﬁ -rl;:i]r?irﬁggs!ct:hzogf}freo!?gzihpeh?:\(:rig];slﬁd:?;ebl)i/neisrtics of the carriers, while the second term indicates those of
ath 'Iihis makes the EODIC a suitable tool for im Iementin%e odd-order distortion component. The third-order distortion
bath. . P c%mponents in the fundamental frequency band of the second

the IM control technique.

The principle of the EODIC has already been explained mat " IM3iunas are given as follows:

ematically in [6]. This paper presents a brief description. When " . VPS
two-tone carriers having frequencies andw- are input to the  IM3gunay =4 {35m (wit + 31 +24¢77)
EODIC, the input carrier§’s;.n. are described as . 7

P 2tone +3sin (wat + 32 + 280" 7S)

+sin ((2w1 — wo)t + ¢33 + 2A</>VPS)

+ AGYTS + AgTS) } ®)

=K - Clin + /H : Cvlin . IM/anf (4)

out 1S the output of the amplitude modulatary;, is

CQtone = Asin(wlt + ¢1) + A sin(wgt + ¢2) (1)

. . . + si (2 —wi)t + ¢aa + 2A VPS) )
whereA is the amplitude of each carrier amg and¢, are the sin (202 — @)t + das ¢
initial phases of the respective carriers. The input carriers are (5)
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Fig. 2. Block diagram of the developed IM controller EODIC.
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Fig. 3. Microphotograph of an EODIC. The chip size is %.8.2 mm, and power consumption is approximately 300 mW.

The amplitude ofM3y,nqr, A" can be controlled by the biasEODIC, the input power of the amplitude modulator should
voltages of VGA1l and VGA2, the frequency doubler, antle large. When the input power of the EODIC was increased
the amplitude modulator in the EODI@3,,,(1 < m < 4), to generate sufficient IMs, the EODIC’s VPS generated un-
which indicates signal phase, depends on the electricecessary and uncontrollable IMs when the input power was
lengths of the divider, linear path, nonlinear path and artarge, and the EODICs output buffer amplifier was saturated.
plitude modulator and, thus, cannot be controlled by thenherefore, the previous EODIC could not control the saturated
VPS. The wireless communication system considered hérigh-power amplifier. The new EODIC MMIC has three-stage
is narrow-band and, in this case, it can be assumed famnplifiers such as VGAL to increase the gain, and does not have
the phase shift thatAg)PS = A@yPS. This assumed an output buffer amplifier. This change allows the new EODIC
ApYFPS = ApyPS = A¢VPS and also thatpss = ¢3; and to control the IMs of a near-saturated high-power amplifier.
h34 = P3o. Fig. 4 shows the measured phase control performance of a
Therefore, when the VPS can control the phase frénto0 near-saturated high-power amplifier with the EODIC. The third-
180, the phase ofM3¢,,q¢ can be controlled fromTo 360.  order intermodulation (IM3) phase could be controlled through
In conventional linearizers, carriers in the linear path are @50 by using the VPS. The carrier phase varied abba?”
fected by the carrier leakage from the nonlinear path. In thy the VPS control voltage. This can be explained by the fact
EODIC, carrier leakage can be filtered out. However, there aleat the amplitude of an IM whose frequency is the same as the
mixing products at the same frequencies as the carriers [ficstrrier [first and second terms in (5) cannot be negligible in the
and second terms in (5)]. Since this has a much smaller impaetr-saturated region. The measured result of the carrier indi-
than carrier leakage, the EODIC offers superior distortion conated that it is a combined vector of the carrier and the generated
trol performance. IM component at the same frequency, see Fig. 4(c)]. However,
in actual situation, the effect of the IM may be small to the car-
B. Developed IM Controller MMIC rier because the power level is smaller than the carrier’s level.
We developed an EODIC on a GaAs chip. Fig. 3 shows the
microphotograph of the EODIC. The Chlp size is ¥.9.2 mm I1l. EXPERIMENTAL RESULTS
and the power consumption is approximately 300 mW. The . .
EODIC was redesigned to control IMs of a near-saturatéy EXperimental Setup of the Linear Array
high-power amplifier. The performance of the previous EODIC The proposed IM control technique was demonstrated experi-
was inadequate for producing sufficient IMs [8]. In the previoumentally using a six-element linear array comprising 10-W class
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Fig. 5. Block diagram of six-element linear array.

ment linear array.

attenuator

(b)

IM phase control performance of an EODIC. (a) Measured IM phase control performance of an EODIC. (b) Experimental setup. (c) Explanation for

Photograph of the six-element linear array.

0.8 A\ (in 2.5 GHz). Fig. 6 shows a photograph of the six-ele-

Fig. 7 shows the experimental setup of the six-element linear
solid-state power amplifiers (SSPAS) in theband. The exper- array. The linear array was set on a turntable in a radio anechoic
imental block diagram is shown in Fig. 5. In this linear arragghamber. The transmitting antenna was the same type as the re-
one EODIC was placed in front of each SSPA. The phase shiftegjving antenna. Carrier and IM receiving power were moni-
buffer amplifier, and attenuator were used to equalize electri¢dated using a spectrum analyzer. The distance from the front
length and loss. A 20-dB directional coupler was located bef the six-element linear antenna to the receiving antenna was
tween each SSPA and the transmitting antenna to monitor #ygproximately 6 m for far-field measurement. Radiation pat-
output spectra. Helical antennas were used as the transmittieigns were measured from90° to 9C° in azimuth by driving
antennas. The antennas were regularly spaced at intervalshefturntable.
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Fig. 8. Measured radiation pattern without an EODIC. (a) Carrier and IM3.
(b) (b) IM5 and IM7.

Fig. 7. Far-field experiment in a radio anechoic chamber. (a) Active phased
array on the turntable. (b) Experimental setup for far-field measurement. )
drain voltages of the EODIC’s frequency doublers were set as

TABLE | 0V, the EODICs did not generate IM components. We then
MEASURED FREQUENCY OFCARRIERS AND IM COMPONENTS treated the condition as “Without EODIC.” We measured the
radiation patterns at approximately a 1-dB gain compression
point (P1 decibel) that had a 21-dB C/IM ratio.

Lower side frequency Upper side frequency
Fig. 9 shows the measured radiation patterns with an EODIC
Carrier 2.517 GHz 2.518 GHz for the carrier and IM3 [see Fig. 9(a)] and IM5 and IM7 [see
IM3 2.516 GHz 2.519 GHz Fig. 9(b)]. The bias voltages of the VPS, VGA1, and amplitude
M5 2.515 GHz 2.520 GHz modulator were adjusted manually by monitoring the output
M7 2.514 GHz 2.521 GHz spectra with a vector signal analyzer. The EODICs were con-

trolled so that C/IM3 was more than 21 dB at the carrier 3-dB
beamwidth. First, the bias voltage of each EODIC’s amplitude
B. Far-Field Measurement modulator was adjusted to control the IM3 components. Also,
In this experiment, two-tone carriers were used to measure thg bias voltages of EODICs’ phase shifters were adjusted to
radiation pattern of the carriers, IM3s, fifth-order intermoduld@ndomize the IM3 phases. The carrier input power level was ad-
tions (IM5s), and seventh-order intermodulations (IM7s). THested so that the carrier receiving power was the same as those
measured carrier frequencies and IM components’ frequeniifhout an EODIC.
are shown in Table I. In Fig. 8, without an EODIC, the carrier-beam direction and
Fig. 8 shows the measured radiation pattern of “Withol3 beam directions were“On azimuth. The IM5 and IM7
EODIC” for the carrier and IM3 [see Fig. 8(a)] and IM5 anddeam direction were0 Their radiation patterns showed a re-
IM7 [see Fig. 8(b)]. The vertical axis is the receiving powemarkable degree of correspondence and evidence of the strong
relative to the carrier receiving power without EODIC &ti® association between the carrier and IM components.
azimuth. The data shown in this figure were summations of theOn the other hand, with EODIC carrier-beam direction was
receiving powers in the lower and upper side frequency ban@fs but the IM3 components were distributed as shown in Fig. 9.
(see Table I). The carrier amplitude and phase were adjusttere were three beams-aB7°, 3°, and+33". The IM5 radia-
to be uniform in front of the transmitting antennas. Since thn pattern was also distributed. It was similar to that of the IM3
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Fig. 9. Measured radiation pattern with an EODIC. (a) Carrier and IM3. We measured carrier ,and IM3 recelvm,g power ver;us carrer
(b) IM5 and IM7. input power for the carrier 3-dB beamwidth. We adjusted the
EODIC to minimize the IM3s receiving power at a near-satu-
rated region of an SSPA. The bias voltages of the EODIC’s VPS,

component. The radiation patterns of the IM3 and IM5 look GAL, and amplitude modulator were adjusted manually. The
different from that of the carrier. The distribution effect of th%ias voltages were then fixed during the measurement.

IM7 radiation pattern was smaller than those of the IM3 and |, Figs. 11-13, the carrier and IM3 data used the averages

IM5 components. of the two carriers and two IM3 components, respectively. The
By comparing without and with an EODIC, both carriers hagarrow dashed lines and solid lines indicate the cases without
similar radiation patterns with the same receiVing power in t%d with an EODIC, respective|y_ The input power levels were
carrier-beam direction. However, the IM radiation patterns weggfferent with and without an EODIC because the EODIC has
different. With an EODIC, the IM3 and IM5 receiving powerinsertion loss that depends on bias voltages. We then used the
were less than those without an EODIC for the carrier-beggput backoff (IBO) level to compare the performance. The IBO
direction. However, IM7 receiving power was higher than thosghows the amount of backoff level from the input power that sat-
without an EODIC for the carrier-beam direction. Itis SUppOSQﬂ'ates the amp||f|e|' The low IBO level shows the h|gh input
that the frequency characteristic of the EODIC was differegbwer and near-saturated region of an amplifier. In the case
from that of the SSPA. without an EODIC, we defined the saturate power as the 2-dB
Fig. 10 shows the C/IM3 ratio versus azimuth-#%°-5°. gain compression point (P2 decibel point) when two-tone car-
Fig. 10(a) shows those without an EODIC, and Fig. 10(b) showigsrs are input to the SSPAs. In the case with an EODIC, we de-
those with an EODIC. The carrier receiving power and IM8ned 0 dB of the IBO level as the input power that could achieve
receiving power were used the summation of the two compthve same carrier receiving power of the saturate power without
nents in the lower and upper side frequency bands. In Fig. 10(a@), EODIC.
the C/IM3 ratio was an almost constant value of approximately Fig. 11 shows the measured carrier and IM3 receiving power
21 dB in—5°-5’. On the other hand, with an EODIC, the C/IM3versus the IBO level. It used the maximum power level within
ratio was from 26 to 31 dB, as shown in Fig. 10(b). By conthe carrier 3-dB beamwidth. In Fig. 11, with an EODIC, the
paring these figures, within the 3-dB beamwidth of the cacarrier was linearized at a low IBO level, then the 0-dB IBO
rier beam ¢4.3-4.3), the C/IM3 ratio with the EODIC was level was a P1 decibel point. Without an EODIC, the carrier was
5-10 dB higher than that obtained without an EODIC. C/IM8ecreased gradually at low IBO level. At the 5-dB IBO level, the
was improved by 5 dB from 21 to 26 dB along the carrier-beadecrease was 0.5 dB, at the 2.5-dB IBO level it was a P1 decibel
direction. point, and at the 0-dB IBO level, it was a P2 decibel point. With
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i U carrier! Fig. 13 shows the measured C/IM3 ratio versus IBO level at
—_ ) S a 3-dB beamwidth of the carrier beam. It used the minimum
E 20 - Without EODIC \ ] C/IM3 level within the carrier 3-dB beamwidth. In Fig. 13, a
= | \ ] wide dashed line indicates the case of the SSPAs with an EODIC
5 ] WIthEODIC .. ] that was the ratio between the total amount of the carrier power
§_ -0 . Ry and that of the IM3 power of the six SSPAs. The ratio is equiv-
> - Without EODIC .+ alent to _the C/IM3 that is ob_tame_d when both carriers and IM3s
s Y N\ of the six SSPAs are combined in-phase. The amplitude of the
K - . carriers and the IMs of the six SSPAs’ output were monitored
o 50 - by a vector signal analyzer via the directional couplers located
L between the SSPA output and helical antenna (see Fig. 5). In
-60 t , . Fig. 13, the C/IM3 ratio of the SSPA with an EODIC (solid
20 15 10 5 0 line) was higher than that of the summation of the six SSPAS’
Input back off level [dB] output spectra (wide dashed line). Namely, the C/IM3 in the car-
rier-beam direction was higher than that of the summation of
Fig. 11. Measured carrier and IM3 receiving power versus IBO level. six SSPAs’ output spectra that were monitored via the direc-
0 tional couplers. This result shows the distribution effect of the
[ L r o proposed IM control technique. The C/IM3 ratio was increased
: With EODIC —» /3 3.5dB at the 2-dB IBO level. It is supposed that the distribution
T 300 b effect will be large when the number of elements become large.
= L i At the 0.8-dB IBO level, the C/IM3 ratio with an EODIC was
e r ] 8 dB higher than that without an EODIC, i.e., from 18 to 26 dB.
:g 20l b To achieve a C/IM3 ratio by more than 26 dB, the SSPAs
s L Without EODIC . without an EODIC have a low power-added efficiency of ap-
5 [ y i proximately 14%. By using an EODIC, the SSPAs have a power-
% 100 b added efficiency of approximately 36%. Therefore, the result
o shows that the power-added efficiency is increased from approx-
. imately 14% to 36% to achieve a C/IM3 ratio of 26 dB.
o™ b ; P e ]
15 10 5 0 IV. CONCLUSION

Input back off level [dB] A novel technique to improve the C/IM distortion power

ratio has been tested. Its effectiveness has been demonstrated

Fig. 12. Power efficiency versus IBO level. . - . ; " )
In an experlment using a six-element linear array antenna with

45 i : — EODICs. By using EODICs, the measured IM3, IM5, and IM7
- With EODIC - distortion radiation patterns could be different from those of
40, (Receiving pattern) — the case without an EODIC. The carrier radiation pattern was
* g almost the same shape as that of the case without an EODIC.
35

- We also confirmed the good input to output performance to
A achieve high C/IM3, and confirmed the EODIC’s IM reduction

1

——————— - L~
) *\
N \

C/IM3 [dB]

30 With EODIC - performance and IM distribution effect. By using an EODIC

- R S and the IM control technique, the C/IM3 was improved by 8 dB,
251 "'u‘spectra) \ from 18 to 26 dB along the carrier-beam direction. To achieve

- ] 5 N a C/IM3 ratio of over 26 dB, the power-added efficiency was
20 Ygﬁ:ziﬁfozgem) * increased from approximately 14% to 36%. This technique
15 i L g? L N makes it possible to achieve an active phased-array antenna

system that offers high C/IM and high power efficiency, which
will ease the heat dissipation problem anticipated for future
Input back off level [dB] communication satellites.

12 10 8 6 4 2 0

Fig. 13. Measured C/IM3 versus IBO level.
ACKNOWLEDGMENT
an EODIC, the IM3 receiving power was less than that without The authors would like to thank Dr. H. Mizuno, NTT Net-
an EODIC from 11 to 0 dB of the IBO level. work Innovation Laboratories (hnow DoCoMo Inc.), Yokosuka,
Fig. 12 shows the total power efficiency versus IBO level afapan, for his support and encouragement. The authors would

the SSPA with and without an EODIC. The EODIC’s powealso thank H. Okazaki, NTT Electronics, Machida, Japan, Y.
consumption was considered in the data with an EODIC. Aplakasuga, NTT Network Innovation Laboratories, Yokosuka,
proaching the saturate power, both of the power efficienci@apan, Y. Imaizumi, NTT Network Innovation Laboratories, F.
were increased. They showed almost the same character. Kira, NTT Network Innovation Laboratories, Y. Suzuki, NTT



2994 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 12, DECEMBER 2002

Network Innovation Laboratories, S. Murakoshi, NTT Networ!
Innovation Laboratories, and N. Sakamoto, NTT Advance
Technology, Yokosuka, Japan, for their valuable support.

Tadao Nakagawa(M’91) received the B.E. and M.E.
degrees in material physics and the Dr.Eng. degree in
communication engineering from Osaka University,
Osaka, Japan, in 1986, 1988, and 1997, respectively.
In 1988, he joined the NTT Radio Communication
Systems Laboratories, Yokosuka, Japan, where
he was engaged in research and development of
MMICs and microwave synthesizers. From 1997
to 1999, he was an Associate Manager with the

REFERENCES

[1] T.Ohira, K. Ueno, K. Horikawa, and H. Ogawa, “Onboard active phas
array techniques for high-performance communication satellites,” STE Telecommunication Engineering Company
Proc. IEICE MWE'97 pp. 339-345. . Ltd., where he served as a Technical Consultant on

[2] S.Torrents, J. Baucells, and J. Martinez, "An internally tued-band - wireless communications to the Seiko Epson Corporation, Nagano, Japan.
monolithic predistortion linearizer,” iRroc. 26th Eur. Microwave Conf.  since 1999, he has been a Senior Research Engineer with the NTT Network

1996, pp. 204-207. _ o _ Innovation Laboratories, Yokosuka, Japan, where he is currently involved in
[3] S. Narahashiand T. Nojima, “Non-linear distortion compensation teclhe design of millimeter-wave transceivers and multiband transceivers.

niques of power amplifiers for mobile communication systemsProc. Dr. Nakagawa is a member of the Institute of Electronics, Information and

IEICE MWE'97, pp. 87-92. Communication Engineers (IEICE), Japan. He was the recipient of the 1995

[4] T. Kaho, H. OkaZaki, K. HOrikaWa, K. Araki, and T. Ohira, “lmprOVe- Young Engineer Award presented by the IEICE.
ment technique in the C/I of a high-power amplifier array using inter-
modulation distortion controllers,” iRroc. RAWCON'99pp. 183-186.

[5] T. Kaho, H. Okazaki, Y. Nakasuga, K. Araki, and K. Horikawa, “In-
termodulation distortion control technique for an onboard high-powg
amplifier array,” inProc. AIAA-ICSSQvol. 144, 2001.

[6] T.Kaho, Y. Nakasuga, H. Okazaki, K. Araki, and K. Horikawa, “A dis-
tortion control technique for achieving high power efficiency in an HP#
array,” [EEE Trans. Microwave Theory Teclvol. 50, pp. 2505-2512,
Nov. 2002.

[7] K.Horikawa and H. Ogawa, “Even-order distortion enveloping metho
to linearizer saturated high power amplifiers,’Hroc. IEEE MTT-S Int.

Katsuhiko Araki received the B.E. and M.E.
degrees from the Tokyo Institute of Technology,
Tokyo, Japan, in 1979 and 1981, respectively.

In 1981, he joined the NTT Electrical Communi-
cations Laboratories, Yokosuka, Japan, where he was
engaged in research on GaAs monolithic microwave
circuits and the development of communication satel-
lite on-board transponders. He is currently a Senior

Microwave Symp. Dig1997, pp. 79-82. - Research Engineer, Supervisor with NTT Network
[8] T. Kaho, H. Okazaki, and T. Ohira, “A GaAs monolithic intermodula b Innovation Laboratories, Yokosuka, Japan.
tion controller for active phased array systems,Pioc. Asia—Pacific Mr. Araki is a member of the American Institute of

Microwave Conf.1998, pp. 603-606. Aeronautics and Astronautics (AIAA) and the Institute of Electronics, Informa-
tion and Communication Engineers (IEICE), Japan. He was the recipient of the
1988 IEEE Sinohara Prize.

Kohji Horikawa (M'93) received the B.S. degree
in electrical engineering from the Tokyo Institute of
Technology, Tokyo, Japan, in 1984.

In 1984, he joined the Yokosuka Electrical Com-
munication Laboratories, NTT Research and Devel-
opment Bureau, where he was engaged in research
and development of satellite on-board transponders.
From 1993 to 1997, he was involved with research
Laboratories), NTT Corporation, Yokosuka, Japan on optical/microwave interaction systems and pho-
where she has been engaged in research of satellf > tonic beam-forming networks for microwave active
on-board amplifier. T phased-array antennas. He is currently an Executive

Ms. Kaho is a member of the Institute of Elec-Engineer with the Radio Network Development Department, NTT DoCoMo
tronics, Information and Communication Engineerdnc., Yokosuka, Japan.

(IEICE), Japan. She was the recipient of the 1998 Japan Microwave Prize preMr. Horikawa is a member of the Institute of Electronics, Information and
sented at the Asia—Pacific Microwave Conference. Communication Engineers (IEICE), Japan.

Takana Kaho was born in Sapporo, Japan, in 1971.
She received the B.S. and M.S. degrees in physic
from the Tokyo Metropolitan University, Tokyo,
Japan, in 1994 and 1996, respectively.

In 1996, she joined NTT Wireless Communication
System Laboratories (now NTT Network Innovation




	MTT024
	Return to Contents


