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Carbon nanotubes (CNT) as saturable absorber ag
a(l) = ayg +
1+ i
v Simple fabrication sat
v’ Cost effective a,y: Modulation depth
v’ Easy integration to fiber systems Isq,: Saturation Intensity

a,s: Non-saturable loss
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Tapered fiber
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Er3*-doped WGM microtoroid

Fabrication by sol-gel method

Er3*-doped SiO,

resist

| Tapered fiber

—
Si photolithography wet etching
(BHF)

Evaluation

1.6

14 Pump

1.2+

1F o 0

08}

0.6

0.4}

0.2}

0

1.2 14 16 18 20 22 24 26 238
Input pump power (LW)

3

Sigoli, F. A., Journal of Non-Crystalline

Solids, 352(32—-35), 3463-3468 (2006).

-l XK -

dry etching reflow
(XeF,) (Co, laser)

CW lasing
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Diameter: 40 um

Er concentration: 1.9 X 10'® cm?3
Threshold power: 1.2 yW




But, how much erbium and carbon nanotube
is needed to obtain modelocking?
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Modified Nonlinear Schrodinger Equation
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Modified Nonlinear Schrodinger Equation

Modelocked WGM microlaser - simulation
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Modelocked WGM microlaser - simulation
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Modelocked WGM microlaser - simulation Sg

Q=10 Q=10"
B,=-10 ps?/km B,=-10 ps?/km

'
[y

|

1100

1100

'
N

O\ .
o \ ‘

[y
o
average

Ppeak/Paverage

10

pea

10

/P
Small signal gain g

Gain < Loss Gain < Loss

107 10°
Modulation Depth o, Modulation Depth o,

Gain is limiting factor:

— Ultra high Q (>107) cavity is necessary for modelocking at low gain
e Gain > loss for CW lasing
* Nonlinear loss by SA dominates loss for pulse formation
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Weak anomalous dispersion is necessary for modelocking at low gain
* Pulse formation is the result of gain and nonlinear loss action
e Careful cavity dispersion engineering is necessary
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Modelocked WGM microlaser - simulation g@
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Weak anomalous dispersion is necessary for modelocking at low gain
* Pulse formation is the result of gain and nonlinear loss action
e Careful cavity dispersion engineering is necessary
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Summary & Future work o3

Modelocking of Whispering Gallery Mode Microlaser

[Device fabrication]

* We developed CNT integration method
» CNT probe allows adjustable modulation depth

* We fabricated er-doped WGM microtoroids by sol-gel method
» Low-threshold CW lasing was observed

[Numerical work]

* We investigated WGM microlaser modelocking regime
* Design guidelines for stable modelocking:
Diameter D=150um
Q factor > 10’
Saturable absorber CNT probe (a,= 10"~ 10%)
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