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WFZER R OME (F30) : In this work, we investigated highly functional ultrashort pulse
source using nonlinear fiber effects. First, we demonstrated numerical analysis of
ultrashort pulse fiber laser using carbon nanotube. Considering the numerical results, we
succeeded in the demonstration of 285 mW highest power fiber laser using carbon
nanotube. Next, optical frequency comb system using developed nanotube fiber laser was
demonstrated. Then, 50 fs high power ultrashort pulse was successfully generated using
similariton fiber amplifier, and an octave spanning coherent supercontinuum was
generated. Finally, the spectrogram of generated coherent supercontinuum was observed
using X-FROG for the first time.

SEATIRTEHA
(BAEHAT - 1)
B [ B 2 & Fh
2010 B 6, 500, 000 1,950, 000 8, 450, 000
2011 FFHE 4, 300, 000 1,290, 000 5,590, 000
2012 £ 4,000, 000 1, 200, 000 5,200, 000
i &t 14, 800, 000 4, 440, 000 19, 240, 000

e - T

BHfE OS8R - B - ISR ES - TSR, ISR - B e T

F—U— R NI, BESVR, T AN L—F—, KT 7 AN, FERENTFEIR,
FEW T L, SOV AHR, A—N—a T = a— A

1. eSO = FNRE T, AHE~ERIMRICB N T,

BEANVAER T A RNEHND L,
BEE IR TR T/ DL LN TES.
HEEEIIoNETIZ, BESLAT 7 A
W= =L KT 7 A O EHRIERIE

SRS e AR Fe R A SOV A RS,
JRAFIE AT S VD AR T S BR
THEI L 7=,

WBE VA L——L, B TR S



L, AR ROV EREEER TS, ) —
SOV B E RS SRR = AT
7o TN D, LIRS = AR R
RKEBE SN OSFICBNTZINETD
HERSE 2 TRERICH ESES 7L —27 A
N—LlpoTWA, F2, XOREEEHRE
2RO HBIFE BN T, LR

E L TCARAIRREMNTTH D . BE IV AKD
FeER I A LTORM AR L-FF
M ELHNT A= —a T =
— DWW R ARV A A AT D
T ENRTEIR, WEAER, TR
TR LWL = AR A R D Z &
MTED. FoBIAHECE RS &, 5
MBI > THBE NSV AZAERTHZ LN
T 5.

U, HEEE I 7 A4 Ni2BW T, 7r
AFEIR SOV AN T E 2D NV AR &
BB AR T TR L7, 2L 2
D—DTh DHHERZEN VA DL A
PETIE, BREM O VAN EHE RO Z
v R EZIT CTHEEIND 2D, 72V AT
PIVA TN E 2, WIZEIE - iR 5 Z &N
T&5. ZOBBEANS L, BRICES
\CHER S TDBE VA RER S, 2R
SN ADBEREDEIZL ST, E— 7 BED
mV, W SV AEARTDHIENTE D,
ORIV A E WD L IERRTERN B A %)

FELHRTE B LAMFSNG. 22T,

ARWFGECTUE, 8 EEHIERIE R % iz
IR A 7 VA S = A ETROB
HEEETHIZEST.

2. WHEOHM

AAFFED BHNE, 7 74 2B 25
HWIERRIE Y F 2N & AT, ISR & 2R
S E =2 DRSO YA TV K
= KGR E O IR RE G JE K S = A TR
ERRTHZLICHD.

V4R, BE VAT 7 A4 N L —F—DHF5E
ISR LTETRY, 5 TlE, 2oEith
(ERHEE SN TETWA. LL, JRE
FErB(ICkd 2 B0 #lA T, BEEE 518
A F =T T, I > TR LD LT
DIENH>TETCNWDHLEZATHY, 5%D
Wx DREBPRDO N TS, F72, JJH
K= A NPT FEERZEDTHDH L
WHEIRTH 5. A% Damx OEERO &I
X0 EHRE TEMB 72 SEIR OB N AR K
Thb.

AFZETITE T, 2L ZANFE T < L
AW E RS BEE VA NIRIZBT B
MEE— RORpMEZ RN - HIE L, BEAIZL
ECE RS = 2R AR T 5. IZ,
ZONIREEIEMIE T 7 A NHNT, 1A
7 B —T L BRI R K 3 A D R %
REELIEERBERA—N—a T 4 =a—A

KHEAERTSH. HIZ, ZDOSCHD AT |
IV DOWERAR 21 L, 1. Sumfy Tl Ay
EHOE ) A TNV ADEREEBTS.
T, HFENRHE LIV AHI E WD
HLWHSEZHAWT, BEMICER-7-2
OB SIVAK EER L, FOEKIZ K
AR VA WTERE « L%
JE K = DRISCH % @5 SR A T D Bl
2T 5.

3. WOk
(D SV ANFET ~ U HELIC L D E A
BT L AJEDHET— R ORFERRAT & 64
W R RIS L 2GR R = 2GR O
EHAEBEL, SVANGET < U HEL R
ZRWTHER LIZEERIEBRE LD
MEE— ROFMEZ T 5. 2 2 TlX, HEE
FPRFE Uiz Er ISIBE VA7 7 A XL
— W —FRREmE LTHW, FERE T 7 A
EFHOWTEEEMIZKEESZ LY U B
VRNV ABRERT D, FLTERKRLEZYY B
VOV A BLEL LT E AR A L —
P—LERADYE, XT U ARATOE A
BMHOFEZHANTE— NEEREESZ KR
H L, fitE— FOMBIECE RMEE & O
DO RHEDO AL Z T 5.

(2) W RIS BRI A B S = A DAL
RSN ® T N S = R TRAVI S
B = 2R ERRET D, e, Lok
BETICHBE SV AT 7 A4 3L —HF — g
VAT AEEERREL, X0 EREREE A
EIRWE = 2R A R T 5. Fri, BE
PV AKEBET DT 7 A N HIEER IR
WT, HEE— FOREEREILL7anE D, &
EMRAT & EBROT R NS, Frv—F L2
B AT LD E R 5.

(3) FREE N H I 2 LA —N—a T =
ATRCOMFZEZ IR S, 9 mmEDk
B = 2BE A NV AT D, 22T
%, BESLVAET 7 A4 SEIEZRIZBWN T,
1t 5l 72 FERRIE 220 OB e B AR B e 2 T &
RN BHERE B, KO 7+ b=y 7k
b7 7 ANERHWNTEBER Y Y hror
A&RAERT D, FIC, A LI-EmERGE
Wk o AV 2 B W TR AR 2 2D
PR L, HOSHRICEBIR ST RN 5 5
FEEA—R—a T f =a— 2 NE T
B. FERDT 7 A NERCIERICART, /Ul
ZHEEMREL, MT— FOBILEMZ RN,
R ORI ZR 5.

) BREENER 2 LA A—R—a T 4 =
a— AN ERNTEE AT VRO AE
54



FEROMETER LT EREEA—/N—a
TAZa— I HOF ¥y —TEMEL, T7A
N —PF—R—Z2DF ¥ A 7 LIV ZD
Eﬁ%ﬁ&é.%%51~ﬂ%ﬂy?4::
— 2 HIRIIERE e TF v — TR AL T
W5, % T [BIHT#E1-0 o BUlifE 7 7 A
ZRAWCHIERF ¥y —7 2B L, HiZZ2eM
HERGmEH DN TEETIEHROT ¥ —7
%ﬁfbf WELD 7V ASH BT D,
A LIFIINETIE, KE 1. bun FTIT AR
Eﬁua) 13fs @@’fwvvx;‘n@éﬁk TR L
TW5. &ENE, 1.5um #CHRE08:%2
4% 5fs DF YA 7NV ADERREY B R
LT 5.

(5) EARIE v A FHE DGR RrE DO AT
BTN 7 7 A P T, RHOELR LT 2
DDV ANENEIR o T & E, FERERS
FERT-END L, ZOoD/NIVANIERIE
DWEEN L TCBAEWVWEHEZAWRNLE
S Eﬁofﬁpmﬁﬁé 2L AFHHE D
BWENHEND. 22T, H#EEEES D
FIRPEC IV AME 72 8 2L S8, HEESS
BEITTORE SOR2EEOBERITY 7
ANRERNT, 72V AR 5 BEER T
%,%ﬁkﬁﬁ%ﬁ®ﬁﬁ#%%ﬁ?é z
NETOERIC L - T, 300m DIEBERITT 7
A 2B T 30dB OFENBHl ST 5

LN, 77 A NERHAN A T ICE(L S,

HA R R PEOF IR AN R DGR A B & v s
A, FETm, ew xR oV ATHIE - fEigEdT A 2 L
XY, cw e OBE L RAYED LR A
BB
(6) 7L AL HE R AE ML
DO RFPERTAH

ATEE 2 OWFZE TRIZE L 72 i AT 28 48
JER = DGR A TS0 2 A FEEE - Y
ML, e SV ADONEEE = L L TOFR
P29 5. i UL ARV T b it —
RO ZRFT 5 2 LR TENL, 2L A
FHHE « HEIEIC K - TR = A O Rt & (7
Fr L7288 OV AL SV A% & AR - Y
BTEXAZ ERP/FIND. ZZTlE, EB
EWATLTC, LFECRR L EEEST Y e S
T 5 H AW TV 2RI I 1T 2O E K
o L DR E T 5.

B BHEE— K

(7) 7~ AR IS & D ik &

7= SC F DA RL

2V AR X o TAER S 5 700 2%
BiaprhbEELRDL, REMICZEIZER
BNV AKNZ 2o TWD. ZOEK/ VIV AT
TEDBE /LA L H oL RMEDNE Gy D —
ICHIDAREE 2L R 2> TV, 2T,
2V AHIRIT K0 AR LT A SV AR
X B E RV R AV TR IAEHR I A

/L A &

MWBHA—R—a T =a— D EhERT
5. fiEE— RORMEEZE W LU THREEL,
Ho1A4 27 % —T7LULEIER S SC DR E
HiE L35,

(8) ARBFFED E & 1
AWFEDOFEEL « Bt - AT 217 5. HITK
WEDMRIE 21T .

4. WFIEEE
(1) NP2 L OEEALD T D T —R
F ) Fa—T T 7 A N L—F—DRHT & B
£, HEERE LV AT AIBONTHR—
LR BN THDII—R T ) Fa—TT
7 AN —F—OEERICRY AT, £T
, =R F ) Fa—T T AR —F—D
BAafitres V2R L, /) Fa—T7%H

200

B
ri 100 ié % % E g § é %
b | O N - JRlEEEl
QOutput SWNT F\Iter Qutput
—~7 —
g 7o 103
s =
= [}
=] r Q
0.5
o
wB2} \ Acﬂ\u
“n = @
= a
o
58 0.0

0
Propagatlon Iength

1 RN O/ SV AR OFHHEFE R

W2 RO Z BT — REHIOWRESC, HRasE
Az %92 H 17300 A DREEDZEAL % ffhT L
t.%@%%,iﬁ%ﬁﬁﬁ%ﬁﬂi6YU
kE— I\‘IZJE;HOD#QA DAL, UV
A INGTEPEIT *E%ﬁﬁﬁk TERFOZEMN
o, it EHIbo#E L 22 %, HIE
#x D5 HAE O HE 2N FTRE 72 a2 R 2 &
NTET.

Q@b —RrF ) Fa—T 7741
— P — RS

T OFERZ T, mEh 7 7 AN —H
— DR EIT- =, @A LD & 2 »
VY, FRRISNOSEE A KX 72 IEH 0K
ETHZ LT, mHNIESREY Y FoE—

SWNT Wavelength
w2 fim filter

N4 —=—

Output
Isolator
97% outpu 1( )

coupler
Isolator

WOM  PBC

980 nm /880 nm
LD

2 B LIeEm 7 7 A N —H —DRERL



KRS ) Fa—T 774 RN —F—%5%
BlL7-. RSO H L3RRS AL
D ERS Z 2T, ) F a— IR
SNDIHREEIZ, X A—VEEE, Zh
FTOH 30 fFICY 725, 285 mWW DKW
WM& =R L.

—~
)
=
—
o
L=
@
B

Spectral intensity (a.u.)
©
l(;
3
Intensity (a.u.)
T -
=
7
By
Instant. wavelength (u

o
&

1.55 1.56 157 [ 02
Wavelength (um) Time (ps)

X3 F AR IO L 2 DB,
(a) BFIIEHE, (o) A7 R VIRTE

BV —RrF ) Fa—TT AN —H—
Z T2 R B = 2 S o0 B
=R ) Fa—T%RV A I RO
S, T4 N2E LT A R % A SRR Y
RELTHW, ErfRiNT 7 A N ARG HE
THBESLVAT 7 AN L —F—ZFHRE L.
B2, ZOL—F—=0nbDMH %7 7 A /3
MEas CHIME L, MFERIE 7 7 A 2SI A LT
L1~2. 4umllJE > TRNR D A—R—a 7 4
—a—A(SO)REAER L. FLT, EkL
72 SO Z JE 4143 WAL Nb O i & FH VN 7= f -2 1
WEHZ AN L, feceoZ B LT-. ®iZ, 77
AN — PRI 2 VS, LD
DOEWHEE L BETT 4 — Ry 7l %
THIET, AWK L AT AERFFEL

uﬁﬁo

EQ phase
modulator

PM-EDF

feeo locking
circuit

4‘ frapl\uc)lctmg J
M4 F /) Fa—TT7 74N b—HF—2 i
SIEW = L 2T B OREEL

-40

BFF W2 OHNLF A2

HiPco-SWNT

-50

-60

-70

-80

Spectral intensity (dB)

-90 |

LA-SWNT
10 %0 30 20 50
Frequency (MHz)
X5 F ) Fa—TT7 7A=Y =%
S a2 N AT ADfceot™— MEE

-1
00 &

et Jooflo oﬂo—o.c

7o, ZOFER, RO IEFICRIZ EEE A U
27 7 AN L= — X0 HEEIIRNE DD
, BT A NTRERVAT MR T 5
T EMMTE.

(4) RS IV A i &= W o ew e 6 o
RBAE L A D AR

REEVD M UIERET 7 74 28T 5
B AR SV AR B G & F O CREHE R
KT T ew iy e L, g5 2
T, ewlt O BE SV AR AR THZ L
WP LT, 2ok %, FIZERIMICER -
TWABE VARSI X > TET 5 Z & T
, 40dBLL EDORELFNGEEHLZ LN TET
. Z OBEETEITA O BRI B T HEE

E e e e e e e
C = 15—

g @ /CW E b= 1-:)-E

g Pump = 7301s| "y

= ulse ZI.0 g

Br P 2| oy 8

c g 0 o

] £4 2 0 2

= = Time (ps)

- LI —T T ]
L (b) ]
[ Pump pulse

i ]
- (Remainder) Pump SOl\tOI"I pulse —

¥ AN

F(c)

Generated pulse

Pump soliton pulse
P D\ \

550 1800 1650 1700 1750
Wavelength (nm)

(6 BRI OV AHHHRIZ K D ewilths b DR
2V AR

ERZRH Z LN TE, ERERLHEER %

HEHITDHZILENTED. £, cwktrbDE

B SV A MDA R LR S =BT 5 2

EMNTE 5.

(5) I 7 U bk IES OB & kL
ANDHARL « AT H—T AR SC AR
WAL AN D FEBICAR AR 22— L
VR A—R—a T 4 ==2—A(SC) YD
HERROT=D, FERIENE & i O ki X
v, IZERET ¥y —7 %A L, HoHIER S
JWARANRY NVEERTHITY Mok
MR 2B Lz, 2L ¢, HiEsot %
RKARTZ7 + b=y IfEMm7 7 A4 7MNZEHAL,
DEEAEE T 5 2 LT, BENE 52 fs, 2L
AL RNF—4.4n] TIEERXTAZ LT Y —
TeE i IR SV A D AERKICERE) LTz, B
2, AR LI-EE LV AN E SR T 7 A
NIZAE L, 1.05~2. 1 umET, 147 Z—
T EENAab—L Ly N RA—r—a
T4 =2 — DD ERMRIZRTY LT,



Pump power:
1650mwW 7
1290mW

o
o
T

Intensity [a.u.]
o o
S ()]

o
o
T

PN

0 . .
1450 1500 1550 1600 1650 1700 1750
Wavelength [nm]

M7 27V bEESRH S SV AD AT b v

2
1.2 v v " v —r— 1700 &
] 2
1F i ]
= i 11650 §
.E.‘ 0.8 ; %
2 06 Foe el 11600 =
cé) H E‘ )
5 oaf 5
< 11550 @
02 2
: ‘ 5
0 . . . L 1500 —
-150 -100 -50 0 50 100 150 3
Time [fs] =

8 A E L D 3L A DR

'30 T T T T

Intensity [dB]

7000 7400 7800 2200
Wavelength [nm]

9 AR L7z IRHSCd A~y kv

6) BISEERA—N—a v F =2 — LN
K& AT bu s T AFHH

MRV A DERR DT80, AR L7z Eks
e SC DAY ML OWRS A %, FHEFE
R A By R e 7 — MiEZ W TERIL 2.
Fa—7 v 2%, VY MoB B
7 FEFWT 200 fs OFBEY Y F LA
FAERRL, AW, LT, Ya—731 2R
& SC 6% BBO fitidh £ CEAQESHOEFIEKKG

5

h o

=
o

Intensity (a.u.)

=
[¢)]

1400 1600 _ 1800 2000
Wavelength (nm)

B 10 AR L7-@REE SCYHem A~ F L

-20
1200

Wavelength (nm)

-4000 -2000 0 2000 4000
Delay (fs)
X 11 X-FROG (Z & 0 #H#I L 7= & k5 BE SC e
AR va g T A

FEARL, BMELZFSI LN AT b
NESFITDHZ T, AT ba s T A
OBRNZ R LTz,

(NFEL®
RBFFEDEL L fE 21T o T2,

5. TR
(WHFEFRAE . WHIEoHE M O IEH 12
=S

(MEstEm ) (FE 1 34F)

@Y. Nozaki, N. Nishizawa, E. Omoda, H.
Kataura, and Y. Sakakibara, “Power scaling of
dispersion-managed Er-doped ultrashort pulse
fiber laser with single wall carbon nanotubes,”
Optics Letters, vol.37, pp.5079-5081 (2012) (&
i)

(@N. Nishizawa, Y. Nozaki, E. Itoga, H. Kataura,
and Y. Sakakibara, “Dispersion managed,
high-power, Er-doped ultrashort pulse fiber laser
using carbon nanotube polyimide film,” Opt.
Express, vol.19, pp.21874-21879 (2011) (# i
)

(@ E. Shiraki, N. Nishizawa, and K. Itoh,
“Ultrashort pulse generation from continous
wave by pulse trapping in birefringent fibers,”
Opt. Express, vol,18, pp.23070-23078 (2010) (&

@Y. Seno, N. Nishizawa, Y. Sakakibara, K.
Sumimura, E. Itoga, H. Kataura, and K. Itoh,
“Ultralow-repetition rate, high-energy,
polarization maintaining, Er-doped ultrashort
pulse fiber laser using single wall carbon
nanotube saturable absorber,” Opt. Express,
vol.18, pp.20673-20680 (2010) (7 H)

(®N. Nishizawa, K. Takahashi, Y. Ozeki, and K.
Itoh, “Wideband spectral compression of
wavelength tunable ultrashort soliton pulse using
comb profile fiber,” Opt. Express, vol.18,



pp.11700-11706 (2010) (£ #:4)

(9eR) (B2 31

(DN. Nishizawa, Y. Nozaki, and Y. Sakakibara,
“Dynamics of dispersion managed Er-doped
ultrashort pulse fiber laser using carbon nanotube
saturable absorber,” The 1st Advanced Lasers
and Photon Sources (ALPS’12) APLS5-2, April
26-27, 2012, Yokohama, Japan.

(@N. Nishizawa, Y. Nozaki, Y. Sakakibara, E.
Itoga, and H. Sakakibara, “Dynamics of Er-doped
ultrashort pulse fiber laser using single wall
carbon nanotube polyimide film,” IQEC/CLEO
PR2011, 2230-CT-1, Aug.28-Sept.l, 2011,
Sydney, Australia.
(®N. Nishizawa, Y. Sakakibara, E. Itoga, and H.
Kataura, “Optical frequency comb using
polarization maintaining Er-doped ultrashort
pulse fiber laser with carbon-nanotube polyimide
film,” CLEO2011, JThB125, May 1-6, 2011,
Boltimore, USA.
@ E.Shiraki, N.Nishizawa, and K.ltoh,
“Ultrashort pulse generation from cw beam by
trapped pulse amplification in birefringent
fibers,” CLEO2010, CMC7, May 16-21, 2010,
San Jose, USA.
®Y. Senoo, N. Nishizawa, Y. Sakakibara, K.
Sumimura, E. Itoga, H. Kataura, and K. Itoh,
“154 kHz, Ultra-low repetition rate, high-energy
pulse, polarization maintaining, Er-doped fiber
laser using single wall carbon nanotube
polyimide film,” CLEO2010, JTuD47, May
16-21, 2010, San Jose, USA.
®N. Nishizawa, K. Sumimura, and K. Itoh,
“Fiber laser based optical frequency comb system
using fiber chirped pulse amplification
technique,” CLEO2010, JWA40, May 16-21,
2010, San Jose, USA.

(XF) Gt2)
(DN. Nishizawa, et al, PWC Publishing, Polymer
Photonics and Novel Optical Technologies, 2011.
QMM Z, i, A—2afk, Kz s he=
7 AL ZDIEH, 2011,

(PESEIA PEHE)
ORI Gt 1)

AR AR MVIERZE LT E, 5 XUV
FT 70 5 ONT PR

SR MEERE, NEERZ, PR R
MR © KBRKS:

FEEE - AR

&5 ¢ KEFE 2010-103592

HFEAEH B : 2010454 A 28 H

EWNFA DR« [EN

(£ Dfth)
R—B_N— U
http://www. nuee. nagoya—u. ac. jp/labs/opt
elelab/nishizawagroup. html

6. HFITHERE

(D) AFTEf T

Fa{E B (NISHIZAWA NORIHIKO)
Ay N e Y SR
e 5 30273288

@) WFgEm s L

(3) HHEMFEE 7oL



