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Ultrafast lasers have applications in

microscopy[1], gas detection[2] and

micromachining[3], where their high peak

powers (~kW) are required[1-3]. Ultrafast

lasers in the visible can replace expensive

second harmonic sources based on IR

lasers[4], necessary at wavelengths where

ultrafast laser oscillators do not yet exist.

The pulse train from

the laser can be

used to obtain the

pulse repetition rate,

which corresponds

to the cavity round-

trip time.

Using a network 

analyser the RF 

spectrum was 

recorded, with 

multiple 

harmonics of the 

fundamental 

present, as 

expected in a 

mode-locked 

laser.

Further Work

• Passive mode-locking relies on saturable

absorption, where the proportion of optical

power absorbed decreases with increasing

intensity[5].

• This causes weak signals, such as noise, to

be more attenuated than an intense pulse,

and the modes become phase-locked[5].

• We have achieved successful mode-

locking of the Pr3+:YLF laser using WS2

• Pulse duration was 16.4 ps with a spectral

width of 0.74 nm, suggesting many lasing

modes

• The quick roll-off in the RF spectrum

together with the noisy and unstable pulse

train suggests mode-locking still has

phase instability, preventing a shorter

pulse based on spectrum alone.

• CVD WS2 is suitable for ultrafast laser

pulses, and other lasing levels Pr3+:YLF

can be used to make even shorter pulses.

• New saturable absorber design, based on

mirror mounted saturable absorbers

• Extension of principle to lower wavelengths

• The gain medium

was an air cooled

Pr3+:YLF crystal,

pu Pr3+:YLF mped

by a 444 nm laser

diode.
• To create negative

dispersion, necessary

for mode-locking a

prism pair was

inserted.

• The saturable absorbers, left,

were placed between two

concave mirrors, in a con-

focal telescope arrangement

to maximise the intensity.


