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1 .1 11 DQPSK : Differential Quadrature Phase Shift Keying
‘o | e
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by, bg 2
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Fya—4 |d
Q
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T. Sakamoto, A. Chiba, and T. Kawanishi(NiCT), ECOC2008, Tu.1.E.3.
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T. Sakamoto, A. Chiba, and T. Kawanishi(NiCT), ECOC2008, Tu.1.E.3.
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H. Yamazaki, OFC2011, OWV1.
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P. Winzer, PHO2010, TuF3.
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Y. Nasu, T. Mizuno, R. Kasahara, and T. Saida, ECOC2011, Tu.3.LeSalve.4.
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Y. Kurata, Y. Nasu, M. Tamura, H. Yokoyama, and Y. Muramoto, ECOC2011, Th.12.LeSalve.5.
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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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20114 Recent Research Trend
ABIEZAT 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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w@iEs 254 Significance of Narrow Spectral Linewidth

M. Seimetz, OFC2008, OTuM2 (2008).

Linewidth requirement
@ 40Gbps

® QPSK: 10MHz

@ 8PSK: 1.6MHz

@® 16PSK: 240kHz

® Star 16QAM: 1.6MHz

® Square 16QAM: 120kHz
® Square 64QAM: 1.2kHz

Very narrow linewidth < 100kHz required



2I11EE Reports of Semiconductor Lasers
ABEZATL  with Narrow Spectral Linewidth
Schemes Mechanism Features Av
Red : Pros., Blue : Cons.
Strained MQW o parameter\ no mode hop 3.6kHz
o |IDFB . .
,i CPM DFR spatial hole burnlng\
= burning — Av
7 mode hop
External Cavity Q/ mode instability 900kHz
DFB by phase mismatch
S Freq. noise detect High sensitivity 250kHz
E Electrical Feedback| _, Bjas current Narrower than
O control Quantum noise
E Optical Feedback | @ / FP resonatm: : {OKHy
3 wide bandwidth
>
= | Elec./Opt. Feedback |Opt. + Elec. feedback complicated THz




i'g%g%x-? Spectral Linewidth of Semiconductor Lasers

Schawlow-Towns Equation (with chirping)
2
Vg -h V- Ngp - Ayh (Qpss + i)

Ay = a+a5
87P,

Vg : group velocity
hy : photon energy
: spontaneous emission rate

Oy, : threshold gain

optical loss

: linewidth enhancement factor (o parameter)



20114 .
RBIES AT L Spectrum Narrowing Schemes (1)

® Reducing a-parameter (lowering 1+a?)

on
47 5N N : refractive index
&=—— o N : carrier density
A 9 o
g : optical gain

OoN
(’flg / : MQW), strained MQW (@ = 2-3) Ref. o = 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).



i'g:ég%x-? . Narrow Spectral Linewidth DFB-LD (1)

M. Okai, M. Suzuki, and T. Taniwatari (Hitachi), Electron. Lett., vol.29, No.19,
pp-1696-1697 (1993).
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x@EL 2574 Commercial Narrow Spectral Linewidth LD

@ External cavity laser (RIO product)

gain chip + PLC-based Bragg grating
*Linewidth : 10kHz

“Ith = 10mA

SMSR =50dB

"RIN =-0145dB/Hz

A-temp. dependence = 10pm/K
--5~+75C

*14pin butterfly module
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w@z>z54 DFB, DBR, or External-Cavity ?

@ DFB-LD
@® Spectral Linewidth < 10kHz
® No mode-hop
® Complicated Grating

@ DBR-LD
® Spectral Linewidth < 40kHz
® Wide tunability in single chip

® Small spatial hole burning
® Mode-hop

@ External-Cavity LD

@® Spectral Linewidth < 10kHz
@® Small cavity loss

@® Large footprint
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sei@i=s 274 Electrical Tuning or Thermal Tuning ?

H. Ishii, F. Kano, Y. Tohmori, Y. Kondo, T. Tamamura, and Y. Yoshikuni,
IEEE J. Selected Topics in Quantum Electron., vol.1, No.2, pp.401-407 (1995).

Electrical Thermal

Av (Thermal) < Av (Electrical)



i'g:ég%x-? L Noise Characteristics

Allan Variance :10°~103 (1s), 10-1° ~10-° (10-3s)
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OFDM : Orthogonal Frequency Division Multiplexing
BEBOWER (FYI)T)EAVWTIDDESEEETLHFE
T

® SARIJMLFABDE - Ronf-FEZAVTEERIL - GEEFTEDHEX

@ 1#EKOFEIPL, EDFZEMNHI AT 5E

® EEBRORKEICEOLETELHMICHEATRE (ME O SV EREEE )
2 FA 1
4R {z1X (IEEES02.11a, g, n, WiMAX), H#R (ADSL), TORILIKE (M ETHIL)
i *E%Id)ﬁﬁd)%E’Cli?&( —RTI1DODESE

1 DDHER B AENERES
(DQPSK, QAMZi &)

ARYNIVERE

iR
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HBE AT A (F1FRAFWDM)
G. Bosco, A. Carena, V. Curri, P. Poggiolini, E. Torrengo, and F. Forghieri, ECOC2010, Tu.3.A.4 (2010).
. Balanced
Tx S!laplnf 90° PD LPF —ADC—{DSP
Hybrid
LO
1/Baud Rate
“—>

® FrRILEIDFBZEHST=0. 71V 2 THiE IR
(4L AN EE . R—-L— D, 255 E)

® FoRLRRE1 R—L—FZHE
EE

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

[ 100Gbps OFDM

2 X subcarriers 20GHz apart

S0GHz ch space WDM : 9Tbps in C-band
< 1000km reach

Dispersion tolerance : =50,000ps/nm

PMD tolerance : 20ps

12 WSS ROADMs
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A. Sano, et al.,, ECOC2008, Th3E.1 (2008).
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H. Takahashi, et al., ECOC2008, Th3E.1 (2008).




