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Abstract—\We report on the first implementation and perfor- and centralize most of the millimeter-wave components into
mance investigation of a 60-GHz-band optoelectronic image re- 3 CS such as local oscillators (LOs), mixers, and other signal
jection mixing scheme based on a broad-band integrated optical ,,cegsing functionalities. The simplification also leads to the
single-sideband modulator. We have confirmed a few advantageous . . . .
features over electrical image rejection mixers, arising from its na- implementation ,Of highly transparent BSs, Wh'Ch are robu;t
ture of being free from electrical phase control of millimeter-wave t0 the changes in the frequency and modulation formats. This
signals. We obtained at the IF frequency of 800 MHz rejection ra- feature is attractive especially in the millimeter-wave band,
tios of >40 dB for the image signal and of>20 dB for the local 0s- where a variety of wireless services will be brought into its
cillator (LO) signal in the LO frequency range of 55-65 GHz. The icensed band of several gigahertz in the near future. Indeed,

LO bandwidth can be extended further. The IF bandwidth with an . .
image rejection ratio of >20 dB was also confirmed to be as broad an extremely wide unlicensed band of 59-66 GHz has already

as 550 MHz, which is limited not by the configuration but by the b€en released in Japan [4]. Together with the reduction in
bandwidth ofthe9_0°hybrid used in this experiment. Furthermore, numbers and costs of optical components, therefore, such
fiber-optic transmission of a 155.52-Mb/s-DPSK 59.8-GHz optical BS simplification may accelerate the move to advanced mil-
millimeter-wave signal was successfully demonstrated for a 20-km limeter-wave photonic systems.

standard single-mode fiber. A bit error rate of <10~° was achieved o . t will be to deal with . dulation f
at the received optical power of—18 dBm with a negligible disper- ne requirement wiltbe to deal With various moduiaton ior=

sion penalty. mats and/or subcarrier multiplexing in such millimeter-wave

Index Terms—Fiber-optic millimeter-wave link, image rejection photonic systems, where millimeter-wave radio frequency (RF)

mixer, millimeter-wave mixer, optical single-sideband modulator, signals should be generated by upconversion of electrically pro-
optoelectronic mixing. cessed signals of intermediate frequencies (IF). LOs and image

components generated in the process of upconversion should
be removed before the RF signal is emitted into the air from
the viewpoint of efficient use of frequency resources. Such a
HE millimeter-wave band has attracted considerabgignal rejection functionality is enabled by either of the fol-
attention recently for its possible application to futuréowing conventional methods: 1) the electrical filtering in BS
broad-band multimedia access systems employing the picoeglICS or 2) the use of a millimeter-wave band image rejec-
configuration. Since a large number of base stations are neetled mixer in CS. Although the former eliminates the unnec-
therein, the simplification of antenna base stations (BSs) is oggsary signals with a high rejection ratio, the RF frequency will
of the key issues addressed for the cost reduction of systbmfixed through the use of filters and the system transparency
construction and maintenance. The schemes of fiber-opicdegraded. Whereas the latter allows a variation in the RF
millimeter-wave links [1]-[3] offer possible solutions for thefrequency, millimeter-wave image rejection mixers (IRMs) of
BS simplification; one can generate a millimeter-wave signhigh rejection ratios are still under development, most likely
at a central station (CS), transmit it to BSs via optical fiberslue to the difficulty existing in the precise control of phases
and amplitudes of millimeter-wave signals. Therefore, devel-
opment of an image rejection mixing technique not only of a
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Fig.1. Schematic of the OE-IRM configuration: (a) and (b) indicate the points : Py Ay
corresponding to the optical spectra shown in Fig. 2. H
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this: 1) no electrical signal processing in the millimeter-band is |- 4 ' \ L Af,
needed and 2) the mixed output is an optical signal and ready to fL_o_SﬁF hoZy fo fo
. . . - . . . IF
be launched into a transmission fiber, which is suitable for the 2 2 2
fiber-optic millimeter-wave links. However, their modulation (b)

formats have been so far fixed mostly to the amplitude or phasig. 2. Optical spectra of a dual-mode LO signal of (a) MZM output and (b)
modulation of double sideband. Previously, we have introduc@é-'RM output. Th_e horizontal axis shovys th_e Qifferential optical freql_Jency
the concept of optoelectronic image and carrier rejections irffir: g"sn;_tg(éer'?ellﬂthf_rggﬂfgg{%fjtgsIésé'sr;‘:i'gzgei;htehzuggfssed signal
optoelectronic mixing [7]. Its expected performance woul
even exceed that of an electrical IRM since it needs no phase or
amplitude control of a millimeter-wave signal. The following idical spectrum. The optical carrier At and the even-order side-
a summary of our work on the optoelectronic IRM (OE-IRM)bands are suppressed and indicated by the asterisks in the figure.
First, the proposal and preliminary experiment were carridd€ first- and third-order sidebands are generate¢fg-tfi.o /2
out on a primitive OE-IRM with an acoustooptic modulatoANdfo=+3fLo/2, respectively, which are shown by B, C, and
utilized, resulting in both image rejection (IR) and LO rejectiod’- The latter two are negligibly smallin the case of a low modu-
(LR) ratios of more than 36 dB, whereas the IF bandwidth wégtion index. Note that the DSB-SC method needs only an elec-
extremely narrow. It was followed by the OE-IRM proposalric LO signal of fL.o/2, as shown in Fig. 1. Other dual-mode
based on the polarization-mode dispersion (PMD) filteringPtical sources [13]-[15] are also acceptable in this OE-IRM
method. A 20-dB IR ratio was derived over an IF band-@00 configuration, leading to the reduction of the driving frequency
MHz around the IF center frequency of 2 GHz. Third, we sudd any case.
cessfully demonstrated the fiber-optic transmission of 155.520ne of the two modes is separated by a wavelength divi-
Mb/s ASK and DPSK optical millimeter-wave signals over aion multiplexing (WDM) splitter, which in this case consists
20-km standard single-mode fiber (SMF) [8], [19]. Howeverf an optical circulator and a fiber Bragg grating (FBG) whose
there are drawbacks left in the PMD filtering method; a delicateflection band is adjusted so that tlig¢ + f1.0/2 mode [B
control of polarization states is inevitable and the IF bandwidth Fig. 2(a)], is included in it. Then the reflected mode is led
is still narrower compared to typical electrical IRMs. into an OSSBM device, to which an electric IF signal is ap-
In this paper, we report on the implementation and perfoptied and whose detailed operation principles are available in
mance investigation of an improved OE-IRM scheme. The inf8]. The OSSBM output light, which we define as the optical IF
provement was brought by a use of an integrated optical singéégnal hereafter, contains the optical upper-sideband (OUSB) at
sideband modulator (OSSBM) [9], [10], with which the abovg, + fL.o/2 + fir [shown byH in Fig. 2(b)] and some higher
problems of the PMD-based method were solved almost coorder components. The original mode fat+ f1.o/2 and op-
pletely. In addition, we found out that the present scheme is gigal lower sideband (OLSB) afy + fLo/2 — fir are sup-
perior to electrical IRMs; a fairly high IR ratio can be providegressed sufficiently, which are defined as G and F in Fig. 2(b),
over a substantially wide LO frequency range. Furthermore respectively. We should note that the third-order lower sideband
successful demonstration was performed in a transmission akfy + fr.o0/2 — 3 fir [shown by E in Fig. 2(b)] is not negli-
periment using a fiber-optic millimeter-wave downlink with thegible in the case of a high modulation index. By combining the
new OE-IRM scheme employed. FBG transmitted light and the optical IF signal, we obtain the
OE-IRM output signal, and its spectrum is schematically shown
IIl. PRINCIPLE OF THEOE-IRM BASED ON THEBROAD-BAND  IN Fig. 2(b). Note that the signal is of optical single-sideband,
INTEGRATED OSSBM providing the robustness to the chromatic dispersion penalty

Fig. 1(a) shows a schematic of the present OE-IRM config 16]. Photodetection of the OE-IRM output leads to sufficient
e - . el eneration of the upper sideband (USB) signa ,
ration! A dual-mode optical LO signhal source is necessary a bp ( ) signafias + Jir

L . ) ile the lower sideband (LSB) signal Ato — fir and the LO
itis provided here by a Mach—Zehnder modulator driven by the H he third- :
method of double sideband modulation with the suppressed %ig_na atfro are suppressed. Here, the third-order sideband at

. . ) i r.o — 3frr can be a dominant spurious component for an IF
rier (DSB-SC) [12]. Fig. 2(a) shows its schematically drawn o Signal input of higher power. We define hereafter the IR ratio,

1A similar configuration has been proposed for different purposes from ou?"gfe LR ratio, and the thirdiorder _Sideband rejection (TR) ratio
for instance, see [11]. as the RF power suppression ratio of the LSB, the LO, and the
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third-order sideband components to the USB component, re- DPSK Mod. e Central

spectively. (800 MHz) 7. Station
The LO and IF frequency responses predicted for this 1

OE-IRM scheme are described below. The LO bandwidth Pilse Pattem '

depends in principle on the WDM filter characteristics and the 155.52 Mbs Bias

spectral bandwidth of the OSSBM operation. The latter is less
serious than the former and its broad-band nature is described *
in more detail in [17]. As for the former, one mode of the

DSB-SC optical LO signal, which is allocated &t + fr.o/2

fof2=29.5GHz

[B in Fig. 2(a)], should stay W|t_h|n the_FBG reflectlon band. T

Therefore, the LO frequency is restricted in the range of , @ .

2, ~ fo) = 8f < fio < 2(f — fo) + 6, provided that the —EHro e
fluctuation in fo and f; is much less tha#df, i.e., a few GHz, Amp. P Att. BPF

and that the FBG reflection band ranges frgin— 6f/2 to

f1i+6f/2. Here,f; andé f are the center optical frequency and N DPSK
the bandwidth of FBG reflection, respectively. Such stability Waveguide 'g-? Demod. L";'F
mp.
5

is available through the recent techniques for wavelength
control and leads to the LO signal bandwidth of aro@adf,
i.e., twice as broad as the FBG reflection bandwidth. This is _
an attractive feature of the present OE-IRM scheme, whil&" 3 Experimental setup.
electrical IRMs, for which a precise phase control is unavoid-
able, cannot provide such broad-band performance. On thith a phase difference of 90The half-wavelength voltages
other hand, the IF bandwidth is limited by the characteristi¢¥,.) of the OSSBM device are 6.0 V for RFA and 6.3 V for
of the IF signal injected into the OSSBM device, that iSRFB at 100 MHz .V of the MZM device is 5.0 V at 29.5 GHz.
the amplitude and phase imbalance between ttieh9Brid To optimize the polarization states, we inserted optical polar-
outputs. However, one can expect bandwidths of 1-4 octavgation controllers at the OSSBM input and the FBG output.
even if one uses a commercially availablé B@brid. Thisis an Erbium-doped amplifiers (EDFAs) were placed at the output
expected improvement from our previous scheme, where therts of the MZM device and OE-IRM so as to compensate for
IF bandwidth with a 20-dB IR ratio is restricted to only 20% othe optical losses of MZM and OSSBM, which are typically
the IF frequency [8], [19]. 25.2 and 19.9 dB, respectively. The optical powers at the input

Here, we discuss some limiting factors of the OE-IRM peports of MZM and OSSBM are 6.0 ane2.6 dBm, respectively.
formance. The LR and IR ratios depend mainly on the opticAh optical attenuator was used at the FBG output to adjust the
carrier suppression and OLSB suppression ratios of the OSSBblver balance between the optical dual modes of OE-IRM
device, respectively, which are primarily affected by the folbutput so that a high modulation index was provided. We used
lowing factors: 1) accurate control in amplitudes, phases atwio kinds of IF signals in the experiments. One is a single
bias of the OSSBM inputs and 2) its optical extinction raticone signal coming from a synthesized signal generator and the
However, high modulation indices of the MZM and OSSBM desther is a 155.52-Mb/s-DPSK 800-MHz signal. One of these IF
vices lead also to considerable increase of the third-order sid@nals was divided into two by a 9@ybrid whose operation
bands. The former correspondsd@candD in Fig. 2(a) and the band ranges from 500 to 1000 MHz, and their amplitudes and
latter to£ in Fig. 2(b). For example, the LSB component is gerphases were trimmed before their injection into the OSSBM
erated through the optical beat between the higher order sidevice. An optical bandpass filter having a 1.0-nm bandwidth
band of the optical LO signal & + 3f1.0/2 [D in Fig. 2(b)] was utilized to remove the ASE noise originating from EDFAs.
and OUSB affy + fLo/2+ fir [H in Fig. 2(b)], causing a pos- The OE-IRM output light was launched into a 20-km SMF and
sible degradation in the IR ratio. To prevent the degradation, tiransmitted to a BS. The details of the fiber-optic transmission
MZM modulation index should be kept moderate or the highexperiment are described later. The following parameters are
sideband D in Fig. 2(b)] should be filtered out optically. Fur-typical hereafter;f; o is 59 GHz, the LO signal power at the
thermore, the OSSBM modulation index should be adjustedMiZM input is 6 dBm, fir is 800 MHz, and the IF signal power
order to suppress a third-order sidebandia — 3 fir. at the 90 hybrid input is 19 dBm, corresponding to the OSSBM
input signal amplitudes of 1.39 V at RFA and 1.53 V at RFB.
These values of RF power were chosen by taking their effects
on the IR and TR ratios into consideration.

We have characterized the basic OE-IRM performance by

We investigated the characteristics of the present OE-IRiing the single-tone IF signal. Fig. 4(a) and (b) shows the mea-
scheme and its application capability to fiber-optic milsured RF spectra at the PD output in the cases of back-to-back
limeter-wave links by using the experimental setup shown and 20-km SMF transmission, respectively. The IR and LR ra-
Fig. 3. The OSSBM device is made of an x-cut LiNpEystal, tios are 46 and 28 dB, respectively, under the back-to-back con-
whose detailed structure is described in [18]. There are two REion. We also obtain a TR ratio of more than 36 dB, which orig-
input ports (RFA and RFB) to which IF signals were appliethates from the third-order harmonic component not of OSSBM

p
9 GHz  Terminal

[ll. PERFORMANCE CHARACTERIZATION AND FIBER-OPTIC
TRANSMISSION EXPERIMENT
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Fig. 4. RF spectra at the PD output without electrical amplification with

a single-tone IF signal injected. LO and IF frequencies are 59 GHz ap«ijg. 6. Dependence of rejection ratios on LO frequeficy.
800 MHz, respectively. (@) Under back-to-back conditions. (b) After 20-km
SMF transmission.

back-to-back condition for simplicity. Note that the IR ratio is

but of the IF signal of the synthesizer output. This is because tmere than 41 dB over the wide LO frequency range from 55 to
IF signal power was carefully suppressed so as to prevent 8®GHz, which is not limited by the configuration potential and
third-order nonlinearity of OSSBM. Hence, the TR ratio can bean be extended t5f at most. However, the present accept-
improved by appropriate filtering of the IF signal. We obtainedble bandwidth of LO frequency is approximately 16% of the
an IR ratio of 41 dB and an LR ratio of 23 dB even after theO frequency, which is still fairly large and superior to those
20-km transmission. The degradation in the IR ratio caused bfelectrical IRMs. The LR ratio is>23 dB over the same LO
the SMF transmission is not essential: the USB power was de=quency range.
creased by 12 dB because of the power loss induced in the trandA/e discuss the dependence of rejection ratios on power of
mission fiber (6 dB), while the LSB component fell below thé.O and IF signals. The measured IR ratio degraded as the LO
noise floor of the spectrum analyzer. On the other hand, the IsRjnhal power exceeded 10 dBm, which is due to the increase
ratio degradation can be ascribed to the residual carrier compbthe higher order components of the optical LO sigdalif
nent at another polarization state generated in the present deviég. 2(b)]. The LSB component is thus generated through the

The IR and LR ratios were measured as described in the fbkat note generation originating from the OSSBM outgit |
lowing with various frequencies for IF and LO signals. The den Fig. 2(b)] and the increasel? component. As for the mea-
pendence of IR and LR ratios gfgr is shown in Fig. 5. Even sured TR ratio and its dependence on the IF signal power, they
after the SMF transmission, an IR ratio®0 dB was derived are dominated by the spurious component of the IF signal at
over anfir range from 550 to 1100 MHz, which corresponds tpresent. However, it will be improved by appropriate IF filtering
an IF bandwidth of 550 MHz, which we believe is limited by thend is expected to be limited by the OSSBM third-order com-
90° hybrid characteristics. The bandwidth will be broadened kponent. Based on the estimation of the third-order spurious of
using either hybrids of the multi-octave bandwidth or a higheéhe OSSBM output, the limitation is given to be 45 dB at the IF
IF frequency. LR ratios of 21 and>18.6 dB were confirmed in signal power of 19 dBm.
the fir range from 300 to 1200 MHz after and before the SMF Finally, we performed a preliminary fiber-optic trans-
transmission, respectively. The LR ratio achieves its minimumission experiment of millimeter-wave signals using a
at fir = 1000 MHz. The reason for this behavior has not beeb55.52-Mb/s-DPSK 800-MHz IF signal. A 59.8-GHz RF
clarified yet. The LR degradation added through the fiber-optsignal obtained through the photodetection was amplified and
transmission is 6.2 dB at most. downconverted by a millimeter-wave mixer. In this experiment,

The dependence of IR and LR on the LO frequerfgy is the wireless transmission between the BS and the terminal was
shown in Fig. 6. The measurements were restricted under sigpped for the sake of simplicity. The baseband signal was



1990 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 10, OCTOBER 2001

10'3 T T T T T
o Back to back
(o * w.20 km SMF |
[V]
§ 10°® T
§ 106 4
i 407
= DPSK 155.52 Mb/s
@ 107 PRBS 2%°-1
L
10° T
10-11 -

1 1 " | ) [
-22 -20 -18 -16 -14 -12
Received Optical Power (dBm)

Fig. 7. BER characteristics and measured eye diagram atBE® ° (inset).

ACKNOWLEDGMENT

The authors would like to thank Dr. M. Izutsu, Communi-
cations Research Laboratory, Tokyo, Japan, for his helpful dis-
cussions and encouragement and Dr. K. Kubodera, Sumitomo
Osaka Cement, Osaka, Japan, for his kind support. The authors
would also thank Dr. S. Shiraishi, Sumitomo Electric Industries,
Chiba, Japan, and Dr. H. Hasebe, Sumitomo Electric Industries,
Chiba, Japan, for providing the FBG.

REFERENCES

[1] H. Ogawa, D. Polifko, and S. Banba, “Millimeter-wave fiber optics

IF frequency: 800 MHz; IF power: 19 dBm; LO frequency: 59 GHz; LO power: systems for personal radio communicatiofEEE Trans. Microwave

6 dBm.

regenerated by the amplification and the DPSK demodulation.

Theory Tech.vol. 40, pp. 2285-2293, Dec. 1992.

[2] T. Kuri, K. Kitayama, A. Stéhr, and Y. Ogawa, “Fiber-optic
millimeter-wave downlink system using 60 GHz-band external modu-
lation,” J. Lightwave Technalvol. 17, pp. 799-806, May 1999.

[3] G. H. Smith and D. Novak, “Broad-band millimeter-wave (38 GHz)

After. the r.IOise rejestipn by a 100-MHz lowpass filter, the fiber-wireless transmission system using electrical and optical SSB
obtained signal was injected into an error detector and an 0s- modulation to overcome dispersion effect$#EE Photon. Technol.
cilloscope. The bit error rates (BERs) and the eye pattern thus, Lett. vol- 10, pp. 141-143, 1998.

4] T. Tanuma, “Millimeter-wave utilization and management in Japan,” in

derived are shown in Fig. 7. Clear eye opening was obtained and " 314 Topical Millimeter Waves Symp. Tech. D2001, pp. 17-20.
a BER of <1072 was achieved at the received optical power [5] R. Hofstetter, H. Schmuck, and R. Heidemann, “Dispersion effects in
of —18 dBm. No floor was observed in the BER characteristics optical millimeter-wave systems using self-heterodyne method for trans-

port and generationJEEE Trans. Microwave Theory Techol. 43, pp.

plotted as a function of the received optical power. In addition, 22632269, Sept. 1995.
the optical power penalty after the 20-km SMF transmission is[6] J. Park, M. S. Shakouri, and K. Y. Lau, “Millimeter-wave electro-optical
as small as 0.2 dB, which indicates that the dispersion penalty upconverter for wireless digital communicationgfectron. Lett, vol.

31, pp. 1085-1086, 1995.

is ?Xtremel_y su-p.pressed. The. applicability of the OE-IRM [7] k. Nishikawa and M. Tsuchiya, “60 GHz optoelectronic mixing with
to fiber-optic millimeter-wave link was thus confirmed. We high image rejection ratioc36dB),” in Int. Microwave Photon. Topical

should note that its application to other modulation formats or

Meeting Tech. Dig.1999, F-9.5, pp. 235-238.
[8] Y. Ozeki, K. Nishikawa, M. Kishi, and M. Tsuchiya, “60 GHz optoelec-

subcarrier multiplexing is indispensable to clarify the features™ ™ yonicimage rejection mixer and its application to a 156 Mb/s fiber-optic

of the OE-IRM.

IV. CONCLUSION

MM-wave link,” IEEE Photon. Technol. Lettol. 13, pp. 361-363, Apr.
2001.

[9] M. lzutsu, S. Shikama, and T. Sueta, “Integrated optical SSB modu-
lator/frequency shifter,/IEEE J. Quantum Electronvol. QE-17, pp.
2225-2227, 1981.

[10] S. Shimotsu, S. Oikawa, T. Saitou, N. Mitsugi, K. Kubodera, T.
Kawanishi, and M. lzutsu, “Single side-band modulation performance

We have implemented a 60-GHz optoelectronic image  of a LINbO; integrated modulator consisting of four-phase modulator
rejection mixer with an OSSBM device utilized and inves- ~ Waveguides,1EEE Photon. Technol. Leftvol. 13, pp. 364-366, Apr.

tigated its basic performance and application capability 1911

2001.
P. Suwonpanich, K. Tsukamoto, and S. Komaki, “Proposal of

millimeter-wave radio-on-fiber systems. Fairly high image and radio-over-fiber systems using cascaded radio-to-optic direct conver-

LO rejection ratios of>40 and>20 dB, respectively, have

sion scheme,1EICE Trans. Commun.vol. E83-B, pp. 1766-1774,
2000.

been a}chieved successfully. !t has been clarified that the. Iﬁz] J. 3. OReilly, P. M. Lane, R. Heidemann, and R. Hofstetter, “Optical
bandwidth of a 40-dB IR ratio is rather narrow but the IR ratio generation of very narrow linewidth millimeter wave signaBlgctron.
of >20 dB is provided over a bandwidth of 550 MHz, which is Lett, vol. 28, pp. 2309-2311, 1992.

[13] D. Wake, C. R. Lima, and P. A. Davies, “Transmission of 60-GHz sig-

fairly broad considering the IF center frequency of 800 MHz. nals over 100 km of optical fiber using a dual-mode semiconductor laser

It is restricted by the bandwidth of the ©ybrid we used in

source,”lEEE Photon. Technol. Lettvol. 8, pp. 578-580, 1996.

this particular experiment, and can be extended. Furthermorg4 L. Noél, D. Wake, D. G. Moodie, D. D. Marcenac, L. D. Westbrook,

it has been confirmed that the LO bandwidth of R0 dB

and D. Nesset, “Novel techniques for high-capacity 60-GHz fiber-radio
transmission systemsl|EEE Trans. Microwave Theory Techvol. 45,

is as broad as 10 GHz, which would be enough to cover the  pp. 1416-1423, Aug. 1997. ) _
unlicensed millimeter-wave band, and is also expected to b@5! K. Sato, A. Hirano, N. Shimizu, T. Ohno, and H. Ishii, “Optical

millimeter-wave generation by dual-mode operation of semiconductor

broadened further. Notice that th_e last result is quite superior 1, qelocked lasersElectron. Lett, vol. 36, bp. 340-341, 2000.
to that of electrical IRMs. In addition, the 155.52-Mb/s-DPSK [16] U.Gliese, S. Ngrskov, and T. N. Nielsen, “Chromatic dispersion in fiber-
59.8-GHz optical millimeter-wave signal thus generated has optic microwave and millimeter-wave links|EEE Trans. Microwave

Theory Tech.vol. 44, pp. 1716-1724, Oct. 1996.

been transmitted successfully over a 20-km SMF with a BERl?] S. Shimotsu, M. lzutsu, T. Kawanishi, S. Oikawa, and M. Sasaki, “Wide-

of <10~? at the optical received power of 18 dBm and
scarce dispersion penaltk (.2 dB). We believe that the

band frequency conversion with LiNRQptical single-sideband mod-
ulator,” in OFC2001 Tech. Dig.2001, WK3.
K. Higuma, S. Oikawa, Y. Hashimoto, H. Nagata, and M. Izutsu, “X-cut

. . . . [18]
OSSBM-based OE-IRM is of fairly high performance and will lithium niobate optical single-sideband modulatdg|&ctron. Lett, vol.

be useful in future millimeter-wave fiber radio systems.

37, pp. 515-516, 2001.



OZEKI et al: 60-GHz OPTOELECTRONIC MIXING SCHEME OF HIGH IMAGE AND CARRIER REJECTION RATIOS

[19] Y. Ozeki, K. Nishikawa, M. Kishi, and M. Tsuchiya, “156 Mb/s DPSK
optical MM-wave transmission employing a 60 GHz optoelectroni;
image rejection mixer,” inint. Microwave Photon. Topical Meeting
Tech. Dig, 2000, WE1.4, pp. 137-140. |

i =

Yasuyuki Ozeki (S'99) was born in Mie, Japan, on
February 8, 1977. He received the B.S. and M.S. de
grees in electronic engineering from the University oﬁ
Tokyo, Tokyo, Japan, in 1999 and 2001, respectively®
and is currently working toward the Ph.D. degree at
the the University of Tokyo.

His research focuses on millimeter-wave pho-
tonics.

Mr. Ozeki is a member of the Institute of Elec-
tronics, Information and Communication Engineers
(IEICE), Japan.

Kaoru Higuma received the B.S. degree in physics
and the M.E. degree in applied optics from Wased:
University, Tokyo, Japan, in 1994 and 1996, respec
tively.

In 1996, he joined Sumitomo Osaka Cement
Chiba, Japan, where he has been engaged in tl
research and development of optical LiNbO
modulators.

1991

Masato Kishi was born in Tokyo, Japan. He received
the B.S. and M.S. degrees in physics from Nihon Uni-
versity, Tokyo, Japan, in 1972 and 1974, respectively.

In 1990, he joined the Department of Electrical En-
gineering, University of Tokyo, Tokyo, Japan, where
he is currently a Research Associate. He has been in-
volved in the study of material science.

Masahiro Tsuchiya (M'97) was born in Shizuoka,
Japan, on September 28, 1960. He received the
B.S., M.S., and Ph.D. degrees from the University
of Tokyo, Tokyo, Japan, in 1983, 1985, and 1988,
respectively, all in electronic engineering. His
doctoral dissertation concerned resonant tunneling
devices and phenomena in ultrathin semiconductor
hetero-structures.

From 1988 to 1990, he was a Post-Doctoral Fellow
with the University of California at Santa Barbara,
where he was engaged in studies on quantum

microstructures and their applications to optoelectronic devices. In 1990, he
joined the Research Development Corporation of Japan (JRDC), where he
dealt with researches of quantum devices with emphasis on FETs containing
in electrical engineerina from Nihon Universit coupled quantum wells and_ quantum wires. In‘ 199;, he became a L_ecturer in
Tokvo. J . 91991 gd 1993 ivel Y the Department of Electronic Engineering, University of Tokyo, and in 1993,
OKyo, Japan, In an » respectively. was appointed an Associate Professor in the same department. In 1996, he
In 1993, he joined the Optoelctronics Researcly, oy his saphatical year as a Visiting Researcher at Bell Laboratories, AT&T,

Divis_ion, New Technology Res_earch Laboratoriesand Lucent Technologies, Holmdel, NJ. His current interests are ultrafast
Sumitomo Osaka Cement, Chiba, Japan, where tg\%

Satoshi Oikawareceived the B.E. and M.E. degrees

. toelectronics, millimeter-wave photonics, optical probing techniques for
has been engaged in the research and developmeity, tequency circuit diagnosis, and Raman spectroscopy.
of optical LINbG; modulators. Dr. Tsuchiya is a member of the IEEE Lasers and Electro-Optics Society
(IEEE LEOS), the Japan Society of Applied Physics, and the Institute of Elec-
tronic, Information and Communication Engineers (IEICE), Japan.




	MTT023
	Return to Contents


