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Kim Roberts (Nortel), COIN2008, C-15-PM1-1-3.

/ Rule : 90nm CMOS
Format : 40Gbps PDM-DQPSK
# of Gates : 20M

< Architecture : 4 X 20Gs/s 6bit ADC

Power consumption : 21W

Dispersion tolerance : +80,000ps/nm

PMD tolerance : 25ps
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20134 f Recent Research Trend
RBIEZAT L of Optical Communication Systems

For realization of large capacity & long haul WDM optical transmission

Significant distortion by Chromatic Dispersion and PMD

Trends to Narrow Signal Bandwidth

@® Multi-level Modulation Format
DQPSK, QAM, ....

@® Multi-Carrier Modulation
O-OFDM

High Sensitive Receiver Necessary

@® Optical Coherent Detection
® Tunable LO desirable for reducing # devices, backup
Narrow spectral linewidth & freq. stability necessary
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M. Seimetz, OFC2008, OTuM2 (2008).

Linewidth requirement
@ 40Gbps

QPSK: 10MHz

8PSK: 1.6MHz

16PSK: 240kHz

Star 16QAM: 1.6MHz
Square 16QAM: 120kHz

2
@
e
e
@
® Square 64QAM: 1.2kHz

Very narrow linewidth < 100kHz required



Reports of Semiconductor Lasers

20134 f
HBEZAT L with Narrow Spectral Linewidth
Schemes Mechanism Features AV
Red : Pros. . Blue : Cons,
Strained MQW o parameter\ no mode hop 3.6kHz
DFB L. :
'a oM DER spatial hole burningN
s | MOW DBR o, parameter \ small spatial hole 40kHz
= burning — Av
) mode hop
External Cavity Q / mode instability 900kHz
DFB by phase mismatch
S | Freg. noise detect High sensitivity 250kHz
£ Electrical Feedback| _, Bijas current Narrower than
O control Quantum noise
5| Optical Feedback | @ / FP resonator : 10kH7
@) : .
3 wide bandwidth
2 THz
LL

Elec./Opt. Feedback

Opt. + Elec. feedback

complicated




e = Spectral Linewidth of Semiconductor Lasers

Schawlow-Towns Equation (with chirping)

2
Vo~ hveng -awm - (ne. +
Ay = g sp - “th ( loss th)(1+0£2)
87Z'P0

g :group velocity
hv : photon energy
. spontaneous emission rate

oy - threshold gain

optical loss
o - linewidth enhancement factor (o parameter)
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RBIES AT L Spectrum Narrowing Schemes (1)
@ Reducing a-parameter (lowering 1+a?)
on
Ar 5N N : refractive index
- _7@ N : carrier density
e J : optical gain

ON
0 . _ _
N / : MQW, strained MQW (o = 2-3) Ref. a = 5-7 (bulk)

on

N : Quantum Dot (o =0 ideal)
Ref. M. Ishida, N, Hatori, T. Akiyama, K. Otsubo,
Y. Nakata, H. Ebe, M. Sugawara, and Y. Arakawa,

Appl. Phys. Lett., vol.85, pp.4145 (2004).
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OFDM: Orthogonal Frequency Division Multiplexing
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G. Bosco, A. Carena, V. Curri, P. Poggiolini, E. Torrengo, and F. Forghieri, ECOC2010, Tu.3.A.4 (2010).
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Kim Roberts (Nortel), COIN2008, C-15-PM1-1-3.

[ 100Gbps OFDM

2 X subcarriers 20GHz apart

50GHz ch space WDM : 9Tbps in C-band
< 1000km reach
Dispersion tolerance : £50,000ps/nm

PMD tolerance : 20ps

12 WSS ROADMs
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T. Takiguchi, T. Kitoh, A. Mori, M. Oguma, and H. Takahashi, ECOC2010, PD1.4.
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A. Li, A. Al Amin, X. Chen, and W. Shieh, OFC/NFOEC2011, PDPBS8 (2011).
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N. Hanzawa, K. Saitoh, T. Sakamoto, T. Matsui, S. Tomita, and M. Koshiba, OFC/NFOEC2011,
OWA4 (2011).
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N. Hanzawa, K. Saitoh, T. Sakamoto, T. Matsui, S. Tomita, and M. Koshiba, OFC/NFOEC2011,
OWA4 (2011).

CSF (Cut-off Shifted Fiber) L D{ni%-E—KFZE 58
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HBELRT L (Multiple-1nput Multiple-Output)

MIMO: Multiple-Input Multiple-Output& (3
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M. Salsi, C. Koebele, D. Sperti, P. Tran, P. Brindel, H. Mardoyan, S. Gigo, A. Boutin, F. Verluise, P.
Sillard, M. Astruc, L. Provost, F. Cerou, and G. Charlet, OFC/NFOEC2011, PDPB9 (2011).

FMF(Few Mode Fiber) E{miE
(LP1la+LP11b) X (@K L E4E—F M4 x4 MIMOZ{E
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e

MIMOSERIZ&LDE—F 9B
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R. Ryf, S. Randel, A.H. Gnauck, C. Bolle, R.-J. Essiambre, P.J. Winzer, D.W. Peckkam, A. McCurdy,

And R. Lingle, Jr., OFC/NFOEC2011, PDPB10 (2011).

3MF(Three Mode Fiber) £ ®(LPO01, LP1la, LP11b) X {RiRZE
6E—RImiE
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R. Ryf, S. Randel, A.H. Gnauck, C. Bolle, R.-J. Essiambre, P.J. Winzer, D.W. Peckkam, A. McCurdy,
And R. Lingle, Jr., OFC/NFOEC2011, PDPB10 (2011).
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