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Ultrafast coherent optical oscilloscope for multidimensional
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In this research, new technologies related ultrafast multidimensional coherent
oscilloscope have been proposed and demonstrated. It has been proved that we can
measure and characterize ultrafast optical signals at high resolution without relying

on all-optical signal processing.

SR
(BHREE : FD)
E R R &
2010 -FE 8, 700, 000 2,610, 000 11, 310, 000
2011 -8 5, 800, 000 1, 740, 000 7, 540, 000
2012 4 5, 100, 000 1, 530, 000 6, 630, 000
I
HEE
i &l 19, 600, 000 5, 880, 000 25, 480, 000

WrgEn e - L5
BHFE DS - MIH : BRE S LS T
F—U— R AR, tmE

1. BFFEBItA S D3 5
SewfERy NU— 7 ORHIR - HHE LD
EITEE T SR, REEDLEA A
HICHED B, TOLEEIIMIRICE TH
OoHNOOB 5. HlzE, FEEEE T,
¥ 10~100 OHEET ¥ RN LEL S
M, JARIEHEE L 100Gb/s 2253 This (2
BHoTWD. FEEMHEETIE, 1000 F ¥ /b
iz HEZE (WDM) (I X Y, 30Tb/s
PLEDOYARE L FEIEESNTWA. FIZ,

WA 7 hd—A v 27 O PSK) JEEA
RIEA Ot QAM) Zo ok —1 2 M
Rk TR, HERBEREELE O
OFDM), X =5mElZE (Ot OCDM) 72
EOBME L EHAL, L UL TIE
TEREZS>oH 5. £/, *vy hU—7
BIRTYH, HETNZEMANEMEIC L EL
INTERY, FOHBEORE IIXEHD 2
A
ZOXIRITICHE b LT, BB

N

&

H |



DOIEEHIEIC BN TR, BERo Xk o7k %
HEOHWERFE, KEZEER, ot
— U MEFHEEMAT - FHli9 2 R T
EITHEST STV, FENS, EBREN
IZBWTIE, SEBEEGOHRe, T
A ABRFE DT OFFHH - FHmEAT A B
L Lo = R s - @IS EEOE
FONFHANIFER I N TWDEN, 25T,
B oW EmAB A (SHG) MRS
(FWM) BG5S\ =M 2¢E
BHVERHARICIRIE L, elEfE Ry hU—2
~OEEREHIIRETHD. HDHWI,
BEREAIC S, H—F v RIVIE B OMENT 3K
—MTHY, EEXY NT—2 ETEE
\ZZRITTINC L EAL ST 2 EiE 5 DOfif
Hrizid, 3| NCThHD. EFEEDNE
HFErab—Lr MIOHTE %, FEE
FvuAa—T7OR - BB UEIND.

2. WO HK
(BEEE) 3% M4EAFTERTE O B ISV T,
RICE LD TRIBL T E &N,
EEEZk Ttae—Ly MEA T mzxa
—7 BFTICIRE, B L, t@fExRy b
U — 7 L TCOEMELLEE B O TR
W OGO L2 R 5. B2 E 5L
PRECITAS I AT, R BYEHIR R R & O
W ERR 2B A -ae— L MR
et 2 i 5. 227 NoDEE <Iil,
A O TEEHE- L2 A 2o T
LR IFT T 1Tk T, WHENEE
Zav—L» MIEEERSRL, ERERIC
IR T%. £72, KAHROBMTH D,
WREIAY, 220y, SR EORIRME 216 L,
Zkorat—L 2 MO FEEZES. £
Wt AR S RT~DiE % Bl &, HHHL -
KL T 2@ ER Y VU —27 ~DiEH
AT

3. WHEDIE

AL T, LT OMREE FEIET 52 &I
v, THMeEZKktat—L 2 Mt
Aa—7 | BRE, FiET 5. Tbb, (1)
BRI E R « k2l z 7o T m R
MEHE], (2) HBFRREEORR L2 2
7o TREEFEEN AT SAHIE], (3) YL
A B E ST A T2 —L 2 FEATHE
W&, (4) WL HEAINTHET%
ENTT 25 TZ2WOCLZENNE], O 4 mEHE
KI5,

(1) HEEEERE TR E

BRICE R - HIRRA 28 2 7B E
FeEHMEBE S, 5 O TR TRIEIC CTHEEE
T4, KEBIOT-HITIE, $E3kIZ, SHG =2 FWM
& T— R —FE2HWE, 27

U TEIRBAW B TE 2. RRFEIFFET
oo AFEL, KEOtHl, &
FAR S IBET O A2 AT, SO EHI
PEREZ FEREY 5.

(2) BWEEENAT MHE

A2 AV, FEFICE D AREE R Rk 5
IR R FERET D, MERIX, AT FT AT
T A I KD BRIV D

NTE7=., LrLand, XEEoME,
SeDEIPFIRFUC B S A, R L IZ I ZBR
Rnd o7 (BLKROSMFEREIX, 0. 01lnm FEEE)
Zhuzxt L, AKHGEME T, #RIERE B
ZESKETARY MSRTHZ LIk

0, FEWITEMMBIE IR N AT NIV & 5
FETED. ZOHEMAE AV, E OFDM <> 0CDM
157578 ENFROG EERR I 2 8 % 72 Y615 5 iR

W& 5.

(3) = —L v MNAAEIIE
HDONLAE B Db Pk # T 5. 16k
DI RNERLREI, JEIREE I ORI E IR
EINTEY, HHERE BIEOFNLHE % E
TRV, AWFFETIE, EitoEmEeE s
FENTRSRE SN 2., YA ARARMTHERE 2 Of T 32
AET 5. O PSK <0 QAM 1E 5 D A G T4
BT,

(4) ZITLEEHE

e[l L ou Rl Lo mEIc S EL S h
TG DT 2 ERET 5. exry U —7
ETmRITIOLESRLELSATEY, =
W —fhaHld 2 FEZIRE T 2.

4. WFFEALE

AWfE i, T@BE®ELRTae—1L 2 b
AT m Aa—7 | EHIZICRE, BARL,
WWEXY NU—2 L TCOBMER L ERE
5 D FEREMFENT S OGO FiE a2 R -T2, 2
DA aAaA—TIZL 0, B EE B
FREATARE IR 01T, BRI IR A KON
W ERR 2B 22— MR
RN ARETH D Z L &R LTz,

T, BESF RO & 72D, T
i ) & DEZEE I 7 o
TREIF IR E T2 LT, AF v mRa—
TORETH D, OEXMISEHEE - ks
B 7o, HEl - JAHTEOSEERE, O
IR EE DR R 2 8 2 I E R e 2~ |
JVRIE, @A - B EE 52—
LY MEALARRIE, @RS ELS iz
WAG B 2 AT 5 2T L EHNRE D 4 1
REDFEFEEITH> C& T,

PUF, B W Tk 5,

L EW I X7 ) T3z T
Haobv—L v et vmra—7] O



BIILLFo@mY ThDH. WlEESIokt LE
POt o AEEE S, RGN T
IXVUTEIT) (ZZTIE, ZOFEEN
LRI X7 LS. WHIER O
JERB L, e A ERERRT D &R K
BT X0 RS R S, AR ERUE B
WCEBI NG, BHONHEHERIL, TOX
BEEHEREDERALOBRIZHY, I
MBI« NS Z & A TSI 5%, D
HEFEERUE FHEIBKICE LTI ENRT
x5.
TONZEWEIXF TS DIEHOITIE. B
DIRNE—E DI Iy 720, & JE
WA OBEITELL, Thabt—L &
Loyt a AMEEERAET HLEN
HD, vz Z NP TR
Tz LZ2FEL, B— FREBL—VED
SRR EAT AR AT, #fee (CW k) L—

Pho, ZOXSa boERIhDzD),

S JE B EL TR B Je OME 57 82 B H 2 DR
[ZHIHC&E 5 2 LR ST,

(1) BEdae—L oy M A e xa—F
D HA AP FEGE

PR CchH D, BHEEHae—L 2 b
FrvaRa—FOREBEIREI T2, Jtan
AR LD, SRR EMAEDE, #E
Habe—L Ao Rra—7%BEEL
7o F, B, SEETEIIIOEALFEEIE 7
NIV A LEFEE LT, ZITEY, KEFE
DOab—L v MESTZAREE Uiz, HEEt
{5 O\ O L, ik /o 2 RItEL
BRERE L 72 oz, A5, MRATIEIRE O IR
T AEIR T DE T8 BT T D B & i hr L
7o T OIEMIEEMEDMNTIC LV . AJEEH
FHAROWWEREEZHRETHI LB TEDH L
e Y (W

—Ji, BHERFEZ AT 572012, HH
WMTOAEMRBIEEIER L, ZI06E06N05
BEONFRIBNEEIT72, Z ONE KRR
1. YWIREBHRES U CEE L CE S S
ENETESAKRTLI2LOTHY, HY, I
SRR OR 21T -7, iz kv, Jeid
By AT H ETHWLN D HHE NG 5%
DTIalb— hMA[REE 2B,

(2) EEEL T

BEEabe—L AR a—T%
WV, BEESEE 5 O ff 5 FHAERE & SE5E L
7=, o7V 7 L— | 80GSa/s DEEHE
EraHEL, MEFEELFHITELZ L
Zon Lz, BEENE IO VA G 5% %
A, BEdEzte—Ly et vuaxa—7
DSBS DFEARMEREEEZH SN Lz, A4
vuaXa—7EHw, HAEMBEEIZ X 55
MFEOEMER MR Lz, Z O, HE
FIEH O & BT 57200 Tl BEE

FERICxT 2 MEEBFMOEE LM 5
ZLlEAHEET A,

(3) BEREENAT MHIE
AFATIE, ALY M2 IS E R
PEVS TS & iR, BT 5 2 & & AlRE
LT 5, JER R i, 10GHz BFEIC % E
SNTIAEFTE DB, T EITA D Z L &R
Lize 7 4 M EAWCTREEDONAEF %5
ik L= B, 67 4 IV H DISAIN Y ROFIR
(X0, BB O S REEOR T, b LL
X, BREEO RN ST bR,

(4) e —L v MNRAAEIIE

BRAICE BRI % 8 2 72 160Gb/s DB & H
FeI I FEREZATV N, B EH - JAEIEOLI R
EMGEA RT &Ik, ZoOHE TOY QPSK
EFREZITV., 2 b — L2 RMECATAHRIER
xR LTz,

(5) WL ENRAE

Fo. T 4 H TIEGBETE RV E O E
R RRE DREREZTE L, 2 0Dt
OFDM {3 -1 % 3231 U | B8 ks BE 68 e 5 4y
fRFEREZ R LT, F72. 28 5O RFRFH %
TV, ZRITZENCRE OJFERMERR, FIHEME:
LTz,

DR AR, BEROFEL EBRRHETHE
RzATV, FEAmSGEICbEMR T TH D,

ABFFEZ L0 WEREAY, 22, SRR AR
YRRV 2T L2 Skt = & — L > MGG
HOFEPERS N, BHE - KRB
TOHBEERY b T =7~ ST DR T
S EAE ST ~DERH NI F A D,

5. E/RFELRCE
(BFFEfiaed . WFTEs A L OSSR IEH 12
EQNEY

(MRS ) (FE511)

@D T. Sakamoto, G.W. Lu, and T. Kawanishi,
“Multi-tone coherent matched detection
for demultiplexing of superchannels,”
0SA Optics. Express (accepted). (FEFHiH)

@ 1. Morohashi, Y. Irimajiri, T. Sakamoto,
T. Kawanishi, M. Yasui, I. Hosako,
“Generation of Millimeter Waves with Fine
Frequency Tunability Using
Mach-Zehnder-Modulator-Based Flat Comb
Generator, ~ IEICE ~ TRANSACTIONS on
Electronics, vol. E96-C, No. 2, pp. 192-196,
2013. (&HiA)

® G.W. Lu, T. Sakamoto, and T. Kawanishi,



“Flexible high-order QAM transmitter
using tandem IQ modulators for generating
16//32/64-QAM with balanced complexity in
electronics and optics” , O0SA Optics
Express, vol. 21, no. 5, pp. 6213-6223,
2013.  (&FEH)

@ 1. Morohashi, T. Sakamoto, M. Sudo, A.

Kanno, A. Chiba, J. Ichikawa, and T.
Kawanishi, “Synthesis of 16 Quadrature
Amplitude Modulation Using
Polarization-Multiplexing QPSK
Modulator, ” IEICE ~ TRANSACTIONS on
Communications, vol. E94-B, no. 7,

pp. 1809-1814, 2011. (&#A)

® T. Sakamoto, and A. Chiba, “Coherent
Synthesis of Optical Multilevel Signals by
Electrooptic Digital-to—Analog
Conversion Using Multiparallel Modulator
(invited paper),” IEEE J. Selected Topics
in Quantum Electron. vol. 16, no. 5, pp.
1140-1149, Sep/Oct, 2010. (&HA)

(Fa%R] G2 ofF)
@O T. Sakamoto, “Time-Frequency Domain
Signaling/Multiplexing for Optical
Filter-less Networking (invited),” 0SA
Topical Meeting, Rio Mar Beech Resort,
Puerto Rico, USA. (accepted)

@ T. Sakamoto, R.P. Scott, and S. J.B. Yoo,

“Optimization of Discrimination Filters
for Orthorgonal Time-Frequency Domain
Multiplexing,” The 18th OptoElectronics
and Communications Conference (OECC2013),
MR1-7., Kyoto International Conference
Center, Kyoto, Japan, 2013. (2013/07/04)

® T. Sakamoto, G.W. Lu, T. Kawanishi,

“Traceback Equalization against
Modulation Non—-uniformity in QAM
Transmitters,” The 18th OptoElectronics

and Communications Conference (OECC2013),
MR1-5, Kyoto International Conference
Center, Kyoto, Japan, 2013. (2013/07/04)

@ T. Sakamoto, R.P. Scott, And S. J.B. Yoo,
“Improved Phase Matching by Paired-Fiber
Coherent Matched Detection for
Time-Frequency Domain Demultiplexing,”
Conference on Laser and Electro Optics
(CLE02013), San Jose Convention Center,
San Jose, USA, CF1F4, 2013 (2013/06/09)

® T. Sakamoto, G.-W. Lu, T. Kawanishi,
“Traceback Equalization for

Non-Uniformly Synthesized Optical QAM
Signals,” The European Conference on
Lasers and Electro—Optics and the
Quantum Electronics
Conference (CLEO/Europe—-IQEC  2013),
CI-1.4., ICM Centre of the New Munich Trade
Fair Centre, Munich, Germany, 2013.
(2013/05/12)

International

® T. Sakamoto, G.-W. Lu, T. Kawanishi,
“Filter—less “Multi-Tone  Coherent
Orthogonal Detection for Multi—Channel

Reception of Super—Channel /OFDM
Signals,” the 2013 Optical Fiber
Communication  Conference (0FC2013),
JTh2A. 47., Anaheim Convention Center,

Anaheim, USA, 2013. (2013/03/09)

@ G.-W. Lu, T. Sakamoto, T. Kawanishi,
“Optical 64QAM Transmitter Using Tandem
IQ Tandem Modulators with Balanced
Complexity in Electronics and Optics,”
the 2013 Optical Fiber Communication
Conference (OFC2013), JTh2A.47., Anaheim
Convention Center, Anaheim, USA, 2013.
(2013/03/09)

T. Sakamoto, “Optical Multicarrier

Source for Orthogonal Time/Frequency
Division  Multiplexing,” The  16th
OptoElectronics and Communications
Conference (0ECC2012), P-1-19, BEXCO,

Busan, Korea, Jul, 2012. (2012/07/02)

@ G.W. Lu, T. Sakamoto, A. Chiba, T.
Kawanishi, “Experiment Investigation of
Nonlinear Distortion in QAM Constellation
due to Imbalance in Intradyne Coherent
Receiver,” The 16th OptoElectronics and
Communications Conference (OECC2012),
P-1-17, BEXCO, Busan, Korea, Jul, 2012
(2012/07/02)

T. Sakamoto, “Coherent Matched
Detection with Multi-Input-Multi-Output
Equalization for
Demultiplexing/Demodulation of
Orthogonally Time/Frequency Domain
Multiplexed Signal,” Conference on Laser

and Electro Optics (CLE02012), San Jose
Convention Center, San Jose, USA, CF1F4,
2012. (2012/05/06)

@ I. Morohashi, T. Sakamoto, N. Yamamoto,
Y. Ogawa, T. Kawanishi, and I. Hosako,

“Investigation of Linewidth of Comb Modes
in MZM-Based Flat Comb Generator with



Optical Feedback Loop” , Conference on
Laser and Electro Optics (CLE02012), San
Jose Convention Center, San Jose, USA,
CTh2A. 53, 2012. (2012/05/06)

@ I. Morohashi, M. Oikawa, Y. Tamura, S.
Aoki, T. Sakamoto, T. Kawanishi, and I.
Hosako, “High Peak Power Pulse
Generation Using
Mach-Zehnder-Modulator-Based Flat Comb
Generator Combined with Chirped Pulse
Amplifier” , Conference on Laser and
Electro Optics (CLE02012), San Jose
Convention Center, San Jose, USA, CFIN. 7,
2012. (2012/05/06)

@ N.K. Fontaine, T. Sakamoto, D.]J.
Geisler, R.P. Scott, B. Guan and S. J. B.
Yoo, “Coherent reception of 80 GBd QPSK
using integrated spectral slice optical
arbitrary waveform measurement”
Conference on Laser and Electro Optics
(CLE02012), San Jose Convention Center,
San Jose, USA, 2012. (2012/05/06)

T. Sakamoto, “Optical Comb and Pulse
Generation from CW Lightwave (invited).”
Microwave Photonics (MWP 2011), Furama

RiverFront, Singapore, Oct, 2011.
(2011/10/18)

® T. Sakamoto, “160-Gb/s Orthogonal
Time-Frequency Domain Multiplexed QPSK
for Ultra-High-Spectral-Efficient
Transmission,” 37th European Conference
on Optical Communication (ECOC2011),

Geneva Palexpo, Geneva, Switzerland, Sep,
2011. (2011/09/19)

T. Sakamoto, “Nonlinear Distortion of
16QAM Constellations in Intradyne
Coherent Receiver,” Conference on Laser
and Electro Optics—European Quantum
Electronics Conference (CLEO/Europe—EQEC
2011), ICM Center of the New Munich Trade
Fair Centre, Munich, Germany, May, 2011.
(2011/05/22)

@ T. Sakamoto, “Optical Comb and Pulse
Generation from CW light <(tutorial)” ,
Conference on Laser and Electro Optics
(CLE02011), , Baltimore Convention Center,
Baltimore, USA, May, 2011. (2011/05/08)

T. Sakamoto, A. Chiba, T. Kawanishi,
“Phase Division Analysis for Intradyne
Coherent Detection in Nonlinear Regime,”

the 2011 Optical Fiber Communication
Conference (0OFC2011), JThA6, San Diego
Convention Center, San Diego, USA, Feb.,
2011. (2011/02/13)

T. Sakamoto, A. Chiba, A. Kanno, I.
Morohashi, and T. Kawanishi, “Real-Time
Homodyne Reception of 40-Gb/s BPSK Signal
by Digital Optical Phase-Locked Loop,”
36th European Conference on Optical
Communication (EC0C2010), P3.12, Lingotto
Congress Centre, Turin, Italy, Sep., 2010.
(2010/09/19)

T. Sakamoto, A. Chiba, A. Kanno, and T.
Kawanishi, “Digital Optical Costas Loop
for Coherent Demodulation of 10-Gb/s
BPSK,” The 15th OptoElectronics and
Communications Conference (OECC2010),
9B3-10, Sapporo  Convention  Center,
Sapporo, Japan, Jul., 2010. (2010/07/05)

6. WFFEHHR

(D) gL

WA BEF (Sakamoto Takahide)

() 1EHIBE IR - ey b U — 7 4
ZepT tim(E AT - MR
WFFe# 3 - 70392727

(2) WFFE5 14



