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Development of hybrid mode-locked laser with CNT saturable absorber and optical
modulator

Yoshida, Masato
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We developed a hybrid mode-locked laser with a saturable absorber and an optical
modulator to generate a femtosecond pulse with a GHz repetition rate. We studied carbon nanotube, graphene
, and semiconductor devices as a saturable absorber. Then we inserted these devices into an active mode-
locked laser, in which the dispersion and the nonlinearity were optimized for soliton pulse generation. As

a result, we have successfully generated a 500 fs pulse with a 10 GHz repetition rate.



Carbon Nanotube

: CNT
CNT
10
100 MHz
CNT
2
GHz
CNT
CNT
CNT
CNT

CNT
CNT 1
(P3HT)  CNT
CNT/P3HT
CNT/P3HT
CNT/P3HT
CNT
CNT P3HT
CNT/P3HT
P3HT CNT
30 CNT
P3HT CNT
CNT/P3HT SWNT/P3HT
CNT
4—P3HT
; CNT
CNT / P3HT
SWNT/P3HT
=
‘ U ‘ iﬁ
200
1 CNT
1
2(a)
EDF
9.1m
22 MHz

2(b)
10.2



-20
I Pum p LD 980 nm I O N AN =9 7Inm
o E AN\
BT ore o) g
kobtor Output 2 -35 \J‘
9.1m Coupker @ [\f/ \
22 MHz § -0 A
+10.2 ps/nm/km £ s /
-52.54 1.55 1.56 1.57 1.58
WavelLength [g m]
@) ()
2 : 1.2
E‘ 15- SM-F+17 p:-llIIHIIIRm [ —_ !
€ 1 : I 280 f5
> S, PUHM. T
% ) D e +10 2 ps/hm /kn z Zj —>f f—
2 5, [
e O oSk +0715 paviinn 7k g 02
& 5 0
= EDF-8 6 psynm /km oz
-10;5 3 ) . g "2 15 -1 050 05 1 15 2
Distance [m] Time [ps]
(b) (b)
2 CNT 4 CNT
@ , (b) @ , (b)
CNT
ps/nm/km
10:90
90 %
CNT 5
3
ot 30 mW 0 4 Anm
5
50 il g || M A
3. 10
> | [\ "
= 60 B 15
2 8 ol \
= 50 ? 3 3 : A LA £ N U
= / 25
G w0 |
Q 1 1 1 1 P50 1855 1560 1565 1570
o 0 R Wavelength [nm]
a
§_ 20 / ®
= i 1
T 10
% ‘ = 0.8
Sl 3 I
= "0 50 100 150 200 250 300 350 400 S, 0.6 572 %
Pump power [mW] > l.._.\
3 CNT g 04 / \
-
£ 0.2 / \
4(a), \
(b) @ R — 0 1 2
9.5 nm (1.18 THz), 280 fs T”"E(’b)[ps]
0.33
5
sech (€)) , (0




fs
sec

GHz

4.4 nm (540 GHz)
0.31
h
20 mw
10 GHz
500 fs
6
5.2 nm (650 GHz) 480
0.31
-10 § —  Experimental result
— Sech fitting
-20 :
_.-30
S
8 -40
2 -50
&
-60
-70 b
-80
1545 1550 1555 1560 1565 1570 1575 1580
Wavelength [nm]
(a)
1.2
1
508
|
208 ! \ 480 fs
a:) — | —
i
0.2 / \-
0 " "
-4 -2 0 2 4
Time [ps]
(b)
6
@ ,» (b)

572

10

fs
sech

24 MHz
500 fs
10 MHz 10 GHz
CNT
60 mw
10 GHz
100 mw
CNT
5 GHz
1

[1]T. Ono, Y. Hori, M. Yoshida, T. Hirooka,

[1]

[2]

[3]

M. Nakazawa, J. Mata, and J.
Tsukamoto, “ A 31 mW, 280 fs passively
mode-locked fiber soliton laser using

a high heat-resistant SWNT/P3HT
saturable absorber coated with
siloxane,” Optics Express, vol. 20,

pp. 23659-23665 (2012)
DOI: 10.1364/0E.20.023659

3
T. Ono, M. Yoshida, and M. Nakazawa,
“A 1.5 pm Passively Mode-locked

Fiber Soliton Laser with a
Graphene-doped PVA Saturable
Absorber” , Tohoku-Section Joint
Convention of Institutes of
Electrical and Information Engineers,
2013 8 22, 23 ,
, " SWNT

’ K 73 ’
2012 9 11-14 ,
“ SWNT

LQE , R2012-38, 2012 8 23, 24



http://ww.nakazawa.riec.tohoku.ac.jp/

€Y
YOSHIDA, MASATO

10333890

@

®



