Phase locking of optical frequency comb using laser-diode pumped
Kerr-lens mode-locked Yb:KYW laser to RF reference
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Introduction
» Goal

Optical frequency comparison.

—» Long-term continuous operation / Low running cost required.

= Achievement

- Kerr-lens mode-locking of Yb:KYW Laser
- One-octave spanning by using photonic crystal fiber(PCF).
- Phase locking of fego and frep to RF reference.

Comparison with other lasers

= Titanium-doped sapphire(Ti:Sa) Laser
Props - Same frequency control method as used in CW laser.
Cons - High-power pump laser required.

—» Instabillities in long-term operation and high running costs.

» Fiber laser!l]

Props- Turn-key and long-term operation.
Cons - Special techniques required for frequency control.

Set Up Driver ‘
Pump LD
Yh:KYW

Crystaly Qutput

Mode-locked laser

Pump laser :981 nm 750 mW
Crystal : 5% doped, 1mm

Output mirror : 92.5%
Cavity length : ~1.7 m

Experiment
Mode-locked Yh:KYW laser
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Output power : 360 mW
Center wavelength : 1030 nm

Spectrum width  : 8.0 nm
Repetition rate : ~90 MHz
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Spectral broadning by photonic crystal fiber
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Yb

‘KYW Laser

(Ytterbium-doped potassium-yttrium-tungstate laser)

= Solid-state laser

Frequency contorl method used in Ti:Sa may be applicable.
= Pump wavelength of 981 nm

Direct LD pumping Is possible.
= Small quantum defect

Operation with passive air-cooling.

Mode-locking has been achieved!?l.
High fi.pis realized!.

feeo and Jrep are contolled®2!.

This work

= High efficient Kerr-lens mode-locked laser.
= Long-term mode-locking > 1month.
= One-octave spanning by using PCF without using amplifier.

= Phase locking fep, and foceo to RF reference.
= Detection of beat with CW laser and frequency counting.
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« Laser cavi sealed
» Base-plate temperature controled
—» Mode-locking maintaines over 1 month.

Jeeo locking

ORBW:IO Hz g 10-5 0-5 E‘
20 210° 0.4%
% 5‘10‘7 | 03 2
5 40 NN :
2 2108 \ | 02 =
~ 5 2
60 2107 1Y \0.1 &
807200 -100 0 100 200 210707 10T 107 10° 107 107 19° i

Offset frequency / kHz _ A Frequency / Hz
Power co_ncentratlon Integrated phase noise

90 % in 25 Hz 0.48 rad

(250 kHz span) (1 Hz ~ 1MH2z)

Frequency counting of feeo

Gate time : 1s

Frequency fluctuation << 1 Hz
fcrolocking maintaines over 2 Hours
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Beat detection with CW laser CW @871 nm

(Stabilized to high-finess cavity)
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Beat frequency was read out by frequency counter.
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