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Trangmisson performances of direct detection-based
100-Gb/s modulation formats are investigated and
compared for metro area optical networks. The effects of
optical dgnal-to-noise ratio  sengtivity, chromatic
digpersion, cross-channd nonlinearity, and transmisson
digtance on the performance of differential 8-ary phase-
shift keying (D8PSK), differential phase-shift keying plus
threelevd amplitude-shift keying (DPSK+3ASK), and
dual-carrier differential quaternary phase-shift keying
(DC-DQPSK) areevaluated. The performance of coherent
dual-polarization quadrature phase-shift keying (DP-
QPSK) with block phase egimation and coherent DP-
QPSK with digital differential detection are also presented
for reference. According to our analyss, all three direct
detection modulation formats could transmit a 100-Gb/s
sgnal over several hundred kilometers of a snglemode
fiber link. The results also show that DC-DQPSK
outperforms D8PSK and DPSK+3ASK, and the
performance of DC-DQPSK is comparable to that of
coherent DP-QPSK with digital differential detection. The
maximum transmission digance of DC-DQPSK is over
1,000 km, which isenough distance for metro applications.
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|. Introduction

Increasing data traffic requires a continuous expanson in
network capacity, and modulation format playsacriticd rolein
moving to 100-Gh/s transmisson. M odulation formats used for
10-G transmisson and 40-G trangmisson smply cannot
perfoom in 100 Gh/s due to the limited optodectronic
bandwidth and optical sgnd-to-noise ratio (OSNR). Thus,
there have been extendve works on searching modulation
formats for 100 Gh/s [1]-[12]. For short distance trangmission
of a 100-Gh/s sgnd up to 40 km, IEEE 802.3ba defines
4 [anes x 25 Ghy/s operating in the 1,310 nm window [1]. Each
lane is modulated by a non-return-to-zero (NRZ) format and
multiplexed with 800-GHz <spacing. For long-haul
transmission of a 100-Gh/s sgnd over 1,000-km transmission,
dud-polarizetion quadrature phese-shift keying (DP-QPSK)
with coherent detection gppears to be the mogt promising
technology due to its high tolerance againgt sgnd digtortions,
paticulaly in chromatic disperson and polarization-mode
digoersion limited links [1]-[4]. With the help of digitd sgnd
processing (DSP) on the receiver Sde, the coherent detection
scheme, in principle, could mitigate mog of the linear
imparments generated from the tranamisson link. One of the
crucid issues for coherent detection in metro networks or
medium reach gpplications less than 1,000 km would be high
eectric power consumption and complex eectronics, such as
high-speed andog-to-digital converters and DSP. Recently,
direct detection-based modulation formats, such as differentia
8ay phasedhift keying (D8PSK), differentid phase-shift
keying plusthree-leve amplitude-shift keying (DPSK+3ASK),
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dud-polarization differentiad quaternary phase-shift keying
(DP-DQPSK) with opticd polarization tracking, and dud-
carier differentid quaternary phase-shift keying (DC-DQPSK)
have been continuoudy investigated for metro network and
data center interconnection [5]-[12]. These modulation formats
could be easily implemented by off-the-shelf components with
low dectric power consumption.

In this paper, to investigate the feesibility of direct detection
modulation formats for metro area optical networks, we
evauate and compare peaformances of directed detection-
based 100-Gh/'s modulation formats implemented by
DPSK+3ASK, DC-DQPSK, and D8PK. The effects of
OSNR  sengtivity, chromatic digperson, cross-channd
nonlinearity, and transmission distance on the performance of
D8PSK, DPSK+3ASK, and DC-DQPK are evauated. The
peformance of coherent DP-QPSK  with block phese
edimation (BPE) and coherent DP-QPSK with digitd
differentid detection (DD) isdso presented asareference. The
edimated transmisson reach of DPSK+3ASK and D8PK is
less than a few hundred kilometers due to the low extinction
rdio of the intensity Sgnd or short symbol distance, whereas
thet of the DC-DQPSK is over 1,000 km due to good OSNR
sengtivity. The transmisson performance of DC-DQPK is
comparable to coherent DP-QPSK with digita DD while the
spectrd efficiency of DC-DQPSK ishdf of DP-QPSK.

I1. Direct Detection-Based 100-Gh/s Modulation
Formats

Fgure 1 shows a schemdtic diagram of a direct detection
modulation format for a 100-Gh/s modulation. In thisandyss,
the performance comparisons are restricted to D8PSK,
DPSK+3ASK, and DC-DQPSK since polarization
demultiplexing is not required in these modulation formats.
The three modulation formats utilize several physical
properties of alight wave, such asintensty, phase, or frequency.
As a result, multilevel modulation with alow symbol rate is
achieved for the implementation of a 100-Ghy/s transmission.
The spectrd efficiency of the three modulation formats is
1 b/s/Hz. The D8PSK format accommodates a three-bit
transmisson within one symbol, and the phase difference of
each symbol is45 degrees, asshown in Fig. 1(b) [8], [9]. Thus,
the symbol rate becomes 33.3 Gbaud. One of the typica
implementations of the D8PSK tranamitter is a combination of
an optica 1Q modulator and a consecutive phase moduletor.
The 1Q modulator driven by two 33.3-Gh/s binary data treams
(D1 and D2) provides a 33.3-Gbaud DQPSK signd & the
output. The following phase modulator is driven by the third
33.3-Gh/s binary data stream cregting a m/4 phase-shift to
generate a DBPSK signd. At the receiver, a delay line
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Fig. 1. Direct detection-based 100-Gb/s modulation formats
D8PSK, DPSK+3ASK, and DC-DQPSK: (a) schematic
diagrams of transmitters and receivers (filter [FL];
coupler [CP]), (b) congtellations, and (c) received eye
diagrams.

interferometer (DLI) with a free oectrd range of 33.3 GHz
performs differentid demodulation with each DLI operating at
the four different optica phase thresholds. The demodulated
signds are detected by baanced photodetectors (BPDs), and
the resulting dectricd sgnds have four soecific levels, as
shown in Fg. 1(c). The received sgnds are trested as bi-leve
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sgnas, and they are then processed with a single threshold in
their regpective cdock and data recovery module. The
DPSK+3ASK format is a combingtion of an intengdty
modulation and a phase modulation. The five bits are encoded
into two consecutive symbols, which leads to a 40-Gbaud
symbal rate to make a 100-Gh/s data rate [10], [11]. The
commercidly available components for a 40-Gh/s system can
be used. The two phases of a DPSK dgnd are amplitude
modulated to creste the three symbols per phase, as shown in
Fig. 1(b). For the signd detection, the DPSK+3ASK sgnd is
olit into aconventiona photodetector (PD) for ASK reception
and a DLI for DPK reception. The DC-DQPSK format is
composed of two opticd frequency carriers, and esch carrier is
modulated with an opticd phase [12]. It is possble to create
two carriers by aconventional moduletor driven by a &/2-GHz
dock dgnd, as shown in Fg. 1(a), in which & represents
carrier spacing. Each opticd carrier is modulated into DQPSK
and then combined by an optica coupler or an opticd filter. At
the receiver, an opticd filter separates the two DQPSK
modulated signds, and each phase-modulated DQPSK sgnd
is converted into an intendty-modulated on-off keying sgnd
by the DLI, as shown in Fig. 1(c). The baud rate of the DC-
DQPK format is 25 Gbaud. Any two different wavelengths
can be sdected for the dud carriers when the wavdength
channels are avalable in the trangmisson link. The carrier
gpacing between carriersistypicdly set to be 50 GHz.
Regarding implementation complexity, DPSK+3ASK
requires less optica components than do D8PSK and DC-
DQPSK, whereas DPSK+3ASK and D8PSK require
additiona leved decoding logic while DC-DQPSK can use

DQPSK precoding logic at the commercidly available gearbox.

To reduce the footprint of a direct detection-based optica
transcaiver, integration of optical devices, such as dday
interferometer and PD, are required.

I11. Back-to-Back Parformances

To evauate the performances of each modulation format, we
use Monte Carlo smulation. The 100-Gh/s signd generation,
channel simulation, and detection are done by the
commercidly avalable numericad smulation software VM
TransmissonMaker, and the decoding of the received Sgnd is
done by Matlab code. The coherently detected 100-Gh/s
format with DP-QPK is shown in Fg. 2 for reference. The
carrier phase of the coherently detected sgnd is estimated by
ather digital DD or BPE. Therotation of the congelation point
due to the laser phase noise is compensated for by measuring
the phase difference of two consecutive symbals in the DP-
QPSK (DD), wheress, in the BPE (that is, DP-QPK), it is
compensated for by averaging the phase over a number of
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Fig. 2. OSNR sendtivities and dispersion tolerance: (8) OSNR
sengtivities and (b) effects of chromatic dispersion on
required OSNR to obtain BER of 107>,

consecutive symbols, The block size of the BPE is optimized
to obtain the best performance. The optimum block szeis 16
and 8 a linear and nonlinear trangmission regimes, respectively.
The modulaion levd of DPSK+3ASK is optimized to
improve tranamisson performance [11]. The shape of the
optical filter for the receiver is a second-order Gaussan filter,
and its bandwidth is optimized for each modulation format.
The Q-factor is cdculated from the bit error rate (BER), and
the BER is obtained by direct error counting. A tota of 51,120
symbolsare used for the BER measurement.

Fgure 2(a) shows the OSNR senditivity of each modulation
format operating & 100 Gh/s. The OSNR sengtivity for DC-
DQPSK, D8PSK, and DPSK+3ASK measured a a BER of
10°is17.8dB, 19.7 dB, and 21 dB, respectively. On the other
hand, the OSNR senstivity of DP-QPSK and DP-QPSK (DD)
is 146 dB and 16 dB, respectivdy. Since the DC-DQPSK
effectively uses the benefits of the dud-carier scheme, the
OSNR sngtivity of a dngle carier that determines the
transmisson performance when the performance is limited by
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the OSNR at thelinear regimeis 14.8 dB. Thus, we can expect
that the performance of DC-DQPSK at low input power would
be better than that of DP-QPSK (DD) a the linear regime.
Figure 2(b) shows the effects of chromatic digperdon on the
required OSNR to obtain the BER of 107, With the help of
DSP a the receiver, in principle, DP-QPSK and DP-QPSK
(DD)-based  coherent  detection could mitigate  infinite
chromatic digperson. On the other hand, the chromdic
digperson tolerance vaue a a 2-dB OSNR pendty for DC-
DQPSK, D8PK, and DPSK+3A<K is 75 psnm, 35 ps’nm,
and 20 psnm, respectively. The digoersion tolerance of the
direct detection format is mostly determined by the symbal rate
of thesignd.

IV. Transmission Setup

To anadlyze the transmission performance of the direct
detection modulation format, we use the system configurations
shown in Fig. 3. Seven wavdength divison multiplexing
(WDM) channels spaced at 50 GHz or 100 GHz are
propagated over N x 80 km of single-modefiber (SMF), where
N is the number of spans. The carrier spacing of the DC-
DQPK is fixed to 50 GHz, regardiess of adjacent channel
gpacing. The center channel (channel 4) is operating at
100 Gh/s and the six adjacent channdls are modulated by a

10-Gh/s | OX#L
NRZ TX #2]
100-Gb/s TX #3

DC-DQPSK,

Rx #1
DCF. DCF RXx #2

(057 |15
J

DCF

EDFA

Tx #4 Rx #4
DP-QPSK, D8PSK 80 ki
DPSK+3ASK [ [T #5 L m Rx#9
10-Gbis < [Tx#6 s —RX#
NRZ T 7 —[Rx #7]
Mux Demux
Fig. 3. Andyds satup for evaduation of transmission

performances of direct detection formats. Coherent DP-
QPSK isincluded for reference.

Table 1. Evaluation parameters.

Fiber SMF
Dispersion 16 ps/nm/km
Effective area 80 um?
Loss 0.25 dB/km
Transmission distance N%80 km
NF of EDFA 6dB
Channel spacing 50 or 100 GHz
Neighboring channels 10-Gb/sNRz
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10-Gh/s NRZ format. We separatdly verify thet increasing the
number of channels does not cause sgnificant variations in
performance. The modulation format of 100 Gh/s is DC-
DQPSK, D8PK, DPSK+3ASK, or DP-QPSK. The coherent
DP-QPK isincluded for reference. The multirate 10-G signd
and multirate 100-G signd are tranamitted over a disperson
compensated SMF link (D=16 psnm/km). Disperdon is
compensated for a every span, and the disperson dopeisfully
compenssted for on the recdver dde. Our numericd
investigetions are paformed with VP Transmiss onMaker and
Matlab. The BER is obtained by direct hit counting. Other
numericd investigation parameters are summarized in Table 1.

V. Results and Discussons

Frgt, we investigated the tolerance of the direct detection-
based 100-Gh/'s modulation format to fiber nonlinearity. Since
each modulaion format has a different OSNR sendgitivity, the
amplified gpontaneous emisson (ASE) noise was added after
transmisson. Thus, the ASE noise was not generated at each
erbium-doped fiber amplifier (EDFA). The OSNR of DC-
DQPK was st to be 19.3 dB, wheress that of D8PSK and
DPSK+3ASK was 22.3 dB. The transmission distance was set
to be 1,040 km. Figure 4 shows the measured Q-factor and Q-
pendty. The Q-pendty shown in Fig. 4(b) was obtained from
the reaults of Fig. 4@ by cdculaing the Q-factor difference
from asingle channe performance of —10-dBm/ch input power.
In the case of the Sngle channd tranamission, the DC-DQPSK
format showed the best self-phase modulation tolerance, dueto
the wide eye-opening of the recaived signa. On the other hand,
when the 100-Gh/s sgnd was copropagated with 10-Ghb/s
NRZ neighboring channds, DPSK+3ASK was the mogt
robust modulation format to cross-phase modulation (XPM).
This can be induced by the higher phase margin and shorter
walk-off length of DPSK+3ASK compared to those of DC-
DQPSK and D8PSK. The reaults show that D8PSK exhibits
the worg peformance in a sngle channd as wel as a
multichannd with NRZ transmission even though the OSNR
sengtivity of D8PK is better than that of DPSK+3ASK in
back-to-back configuration.

The effects of fiber input power when a 100-Gh/s sgnd is
copropagated with 10-Gb/s NRZ sgnds are shown in Fig. 5.
In this case, the ASE noise was generated a each EDFA, and
the noise figure (NF) of eech EDFA was set to be 6 dB. Since
there is a higher OSNR requirement for D8PSK and
DPSK+3ASK than for DC-DQPSK, the transmission distance
for invedtigation was separated into 480 km and 1,040 km.
After the 480-km transmission, the DPSK+3ASK format
showed better performance than did the D8PSK format. For
example, the maximum Q-factor for DPSK+3ASK and
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D8PSK was 12.45 dB and 10 dB, repectively. Since the BER
of the DC-DQPK format after 480 km was error-free, the Q-
fector could not be obtained. Thus, the tranamisson digance
was increased to 1,040 km, the performance of which isshown
in Fg. 5(b). Since the DC-DQPK effectively usesthe benefits
of adud-carrier scheme, the tranamission performance of DC-
DQPsK is determined by the OSNR requirement of a single
carier. Thus, the performance of DC-DQPSK is better than
that of DP-QPSK (DD), wheress the performance of DC-
DQPK is worse than DP-QPSK a a linear regime. As the
fiber input power was increased, the DP-QPSK was
significantly affected by cross-channel nonlinearities
(especiadly XPM). The Q-factor of DP-QPSK can be enhanced
by employing digita DD for phase etimaion. Because the
nonlinear phase noise due to XPM was highly corrdated in
adjacent channds, the nonlinear noise could be effectively
mitigated by digital DD. This was aso applicable to

804  Hwan Seok Chung et al.

13 T T T T T T T T T 110°

121

DPSK +3ASK 410"
ur
101 110
—~ o
8 of u
o
ok
11072

5—3—2—101234567
Fiber input power (dBm/ch)

@
13 T T T T T T T T T

110°
12f
410*
1nr
10 1103
@ &
S 9 [}
o DP-QPSK (DD) DP-QPSK
8_
11072
7_
6_
5 1 1 1 1 1 1 1 1 1
7 6 5 4 3 2 -1 0 1 2 3

Fiber input power (dBmv/ch)
(b)

Fig. 5. Effects of fiber input power when 100-Gb/s channd is
transmitted with 10-Gb/s NRZ neighboring channels.
ASE noise is generated at each EDFA span: (a) Q-factor
after 480 km and (b) Q-factor after 1,040 km.

DC-DQPSK, which employs optica DD. Thus, the Q-factor of
10.8 dB in DP-QPSK was increased to 11.5 dB, and the Q-
factor of DC-DQPSK was 12.4 dB. The results show that the
overdl performance of DC-DQPSK is comparable to that of
DP-QPSK with digita DD.

Figure 6 shows the measured Q-factor of a 100-Gb/s
modulation format as a function of transmisson distance. The
fiber input power for eech modulaion formet in Fg. 5 was
used for this andlysis. The fiber input power for D8PSK and
DPSK+3ASK was 2 dBm and 4 dBm, respectively. The fiber
input power for DP-QPSK (BPE) was —4 dBm, whereas that
of DP-QPSK (DD) and DC-DQPSK was —2 dBm. When
10 Gb/s NRZ channels were spaced at 100 GHz, the
maximum trangmission distance to obtain the BER of 10™ for
DC-DQPSK, DPSK+3ASK, and D8PSK was 1,520 km,
560 km, and 400 km, respectivdy. Even though the OSNR
requirement of DPSK+3ASK was higher than that of D8PSK,
DPSK+3ASK could transmit a 100-Gh/s signd a longer
digance than could D8PSK, due to nonlinear tolerance. With
the help of the lower OSNIR requirement and the robustness of
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cross-channd nonlinearities of the DC-DQPSK format, the
transmission digance of DC-DQPSK was comparable to that
of DP-QPSK (DD). It should be noted tha the spectrd
efficiency of DP-DQPSK (DD) was two times higher than that
of DC-QPSK, even though the maximum transmisson
digance was dmilar when 10-Gb/s NRZ channds were
caopropagated. Figure 6(b) shows the transmission performance
when 10-Gh/s NRZ channdls were spaced a 50 GHz. The
fiber input power for D8PSK and DPSK+3ASK was reduced
to 0 dBm and 2 dBm, respectivedy, wheress the fiber input
power for DP-QPSK (BPE), DP-QPSK (DD), and DC-
DQPSK was the same as that of the 100 GHz gpacing. When
the channd spacing of the adjacent channel was changed from
100 GHz to 50 GHz, the performance difference between DC-
DQPSK and DP-QPSK (DD) dightly incressed. Even when
adjacent channd spacing was reduced to 50 GHz, the DC-
DQPSK occupied a 100-GHz spectrd width due to the
50-GHz carier gpoacing. Thus, the adjacent 10-Gh/s NRZ
channds would have a dightly higher impact on DP-QPSK
(DD) than on DC-DQPSK. The maximum transmisson
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disance for DC-DQPSK, DPSK+3ASK, and D8PSK was
reduced to 1,280 km, 320 km, and 240 km, repectively, dueto
increesed cross-channd nonlinearities. However, the reaults
show tha the DC-DQPSK format can ill accommodate a
100-Gh/s sgnd over 1,000 km, which is enough transmisson
digtance for metro gpplications.

VI. Summary

We investigaed and compared performances of direct
detection-based 100-Gh/s modulation formets for metro area
optical networks. The OSNR sensitivity of D8PSK was better
than that of DPSK+3ASK in back-to-back configuration,
wheress the tranamisson performance of DPSK+3ASK was
better than that of D8PSK since D8PSK was eedly affected by
cosschanned  nonlinearitiess.  The DC-DQPSK  format
outperformed the D8PSK and DPSK+3ASK formats in terms
of OSNR requirement, disperdon tolerance, and transmisson
disgance. When a 100-Ghb/s sgnd was copropagated with
10-Gh/s NRZ neighboring channdls spaced & 100 GHz, the
maximum trangmisson distance to obtain the BER of 10° for
DC-DQPSK, DPSK+3ASK, and D8PK was 1,520 km,
560 km, and 400 km, respectively. The DC-DQPSK format
could accommodate a 100-Gh/s dgnd over 1,000 km in
100 GHz as wdl as 50 GHz spacing, and the result was
comparableto that of coherent DP-QPSK with digital DD.

References

[1] IEEE Sd. 8023022010, “IEEE Sandard for Locd and
Metropolitan Area Networks Part 3: CSMA/CD Access Method
and Physcd Layer Specifications” 2010, pp. 329-351.

[2] H.S. Chung, SH. Chang, and K.J. Kim, “Mitigation of Imperfect
Caver Induced Phase Digtortions in a Coherent PM-RZ-QPSK
Recaiver,” IEEE/OSA, J. Lightwave Technadl., val. 28, no. 24, Dec.
2010, pp. 3506-3511.

[3] D.S. Ly-Gagnon &t d., “ Coherent Detection of Opticd Quadrature
Phase-Shift Keying Signds with Carrier Phase Edtimation,”
IEEE/OSA, J. Lightwave Technal., val. 24, no. 1, Jan. 2006, pp.
12-21.

[4] H.S. Chung, SH. Chang, and K.J. Kim, * Companding Transform
Based SPM Compenstion in Coherent Opticd OFDM
Tranamisson,” Opt. Express, val. 16, no. 26, Dec. 2011, pp. 702-
709.

[5] Z. Fang & 4., “Least Square Channd Edimation for Two-Way
Rday MIMO OFDM Sygems” ETRI J., val. 33, no. 5, Oct. 2011,
Pp. 806-809.

[6] HY. Choi and | Morita, “Trangmisson Performances of
Differentid 6-ary Signd with 10.7 Gb/s NRZ-OOK Neighboring
Channds over SMF and DSF Links” Opt. Fiber Commun.

Hwan Seok Chung etal. 805



Conf./Nat. Fiber Opt. Eng. Conf. (OFC/NFOEC), Los Angeles,
CA, USA, 2012, paper W2A 48.

[7] H. Wemnz et d., “Nonlinear Behavior of 112 Gh/s Polarization-
Multiplexed RZ-DQPSK with Direct Detection in 2630 km FHeld
Trid,” European Conf. Optic. Commun. (ECOC), Vienna, Audtria,
2009, paper 34.3.

[8] H. Yoon, D. Lee, and N. Pak, “Peformance Comparison of
Opticd 8-ay Differentid Phase-Shift Keying Systems with
Different Electrica Decison Schemes,” Opt. Express, val. 13, no.
2, Jan. 2005, pp. 371-376.

[9] T. Tokle et d., “Advanced Modulation Formeats for Transmisson
Systems,” Opt. Fiber Commun. Conf./Nat. Fiber Opt. Eng. Conf.
(OFC/NFOEC), San Diego, CA, USA, 2008, paper OMI 1.

[10] B.T. Teipen and M.H. Eisdt, “107 Gh/s DPSK-3ASK Optica
Trangmisson over SSMF” Opt. Fiber Commun. Conf/Nat.
Fiber Opt. Eng. Conf. (OFC/NFOEC), San Diego, CA, USA,
2010, paper NMBL.

[11] M.H. Eisdt and B.T. Tepen, “Requirements for 100 Gh/s Metro
Networks” Opt. Fiber Commun. Conf/Nat. Fiber Opt. Eng.
Conf. (OFC/NFOEC), San Diego, CA, USA, 2009, paper
OTuNG.

[12] H.S. Chung & d., “Dud-Carrier DQPSK Based 112 Gh/'s Sgnd
Transmisson over 480 km of SMF Link Carrying 10 Gh/'s NRZ
Channds,” Opt. Fiber Commun. Conf./Nat. Fiber Opt. Eng. Conf.
(OFC/NFOEC), LosAngdes, CA, USA, 2012, pgper W2A 3.

Hwan Seok Chung received his PhD in

' dectronics engineering  from the Korea

Advanced Inditute of Science and Technology

(KAIST), Dagjeon, Rep. of Koreg, in 2003. In

2003, he was a postdoctord research associate

with KAIST, where he worked on hybrid

CWDM/DWDM  sygems for metro aea

networks. From 2004 to 2005, he was with KDDI R& D Laboratories

Inc., Saitama, Japan, conducting research on wavelength converters

and regenerators. Since 2005, he has been with ETRI, Dagjeon, Rep. of

Koreg, where he is currently a senior reseerch enginear. His current

resarch interests incdlude high-speed modulation formats, optical

OFDM, and gpace divison multiplexing. Dr. Chung was the recipient

of the Bex Pgpar Awad from the Optodectronics and

Communications Conference (OECC) in 2000 and 2003 and from

ETRI in2012.

806  Hwan Seok Chung et al.

Sun Hyok Chang received his BS in physics
from the Korea Advanced Inditute of Science
and Technology (KAIST), Dageon, Rep. of
Koreg, in 1994. Herecaived hisMSand PhD in
physcs from KAIST in 1996 and 2000,
regpectively. He joined ETRI, Dageon, Rep. of
Koreg, in 2000 and has been engaged in
research on opticd fiber tdecommunication sysems. He is currently
interested in coherent opticd communication and flexible WDM
networks.

Jonghyun Lee received his BS and MS in
dectronics engineering and his PhD in
communicetion enginesring from
Sungkyunkwan  Universty, Seoul. Rep. of
Koreg, in 1981, 1983, and 1993, regpectivdy. In

> . 1983, hejoined ETRI, Dagieon, Rep. of Korea
ﬁ'}‘“ His current research activities are in optica
communicaion sysems and opticd Internet technology. Dr. Leeisthe
heed of the Opticd Internet Research Department at ETRI.

Kwangjoon Kim was born in Seoul, Rep. of
Koreg, in 1958. He received his BS and MSin
physics from Seoul Nationd Universty, Seoul,
Rep. of Korea, and his PhD in physcs from
Ohio Sate Univergty, Columbus, OH, USA, in
1981, 1983, and 1993, respectively. He joined
ETRI, Dageon, Rep. of Korea in 1984 and
worked on HF communications until he enrolled in the PhD program
a Ohio State University, where he worked on various linear and
nonlinear optica behaviors of conducting polymers Hergjoined ETRI
and began working on optica semiconductor devices with quantum
wells His current research focuses on WDM opticad communication
systems, including 100 Gh/s and Ethernet transceivers.

ETRI Journal, Volume 34, Number 6, December 2012



