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Background: mode-locked laser
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Background: mode-locked fiber ring system %
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Objective:
Mode-locked laser with microresonator

* high repetition rate (> GHz)
» small footprint
* on-chip integrability
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Saturable absorption of CNT N

Optical deposition on fiber microtip
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— By using optical deposited fiber tip, saturable absorption was observed

— By changing the gap distance between microtip and tapered fiber, the

absorption can be controlled.
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Er-doped microresonator: Process flow NS

Fabrication flow of microtoroid by sol-gel method (cross-section).
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Er-doped microresonator: Process flow N
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Er-doped microresonator: Fabrication result &3

The thickness of sol-gel film is ~ 1.8 um with 6 layers (~ 300 nm/layer).

forming forming etching of undercutting forming
sol-gel film pattern silica layer silicon pillar  toroidal rim
Er3+- dnped SiO, =S
5' photolithography wet etching dry etching reflow
(BHF) (}(eF) (CO, laser)
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Er-doped microresonator: Measurement >3

1

0.9 |

0.8 |

0.7

0.6 -

0.5

Normalized transmittance

0.4

0.3

0.2

Q=9.5x 10>

0

Wavelength (nm)

1481.6 1481.62 1481.64 1481.66 1481.68 1481.7 1481.72 1481.74

-10 +

20 F

30 b

40 F

-50 +

Power (dBm)

-60

-70 ’

-80 WW

-90

Lasing: 1586.12 nm

IRR—————————

Pump: 1481.67 nm (CW).

1480 1500 1520 1540 1560

Wavelength (nm)

Copyright © Keio University | 10

1580

1600

1480 nm (CW)
T?Erl]:ebrle PC @ PWM
\'/

Microresonator

NVW

Diameter: 40 um

Q=1.0 x 107 (at 1545 nm) S
Q=9.5 % 10° (at 1482 nm)

f\/

Er concentration: 1.9 X 101 cm3
Threshold power: 1.2 pW

Lasing power (nW)

1.6

1.4

=
N
T

[
I

o
00

o
o))

o
N
T

—
RO

o 1

1 1.2 14 16 18 20 22 24 26 28 3

o

Input pump power (UW)



Next step

Model: Nonlinear Schrodinger equation
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1900

A gain of g, = 0.01 ( / roundtrip) is needed to achieve pulse operation.

Increasing cavity length

— Large size toroidal cavity

2. Changing dopant

— Erbium / Ytterbium co-doping
— Erbium / Aluminum co-doping
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Summary AN

Objective:
On-chip mode-locked laser with CNT and Er-doped microresonator

Achievement:

— Saturable absorption of CNT
— SA Is obtained by using microtip

— Er-doped microresonator
— Fabrication of Er-doped microtoroid
- Lasing at ~ 1580 nm

Future plan:
- Fabricating a higher gain microresonator

— Integration of CNT and Er-doped microtoroid
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Thank you.
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