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Modifying the laser output
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<Selection of the laser emission lines
*Single-mode operation
*Q-Switching

*Mode Locking
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Selection of the laser emission lines
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Single-mode operation
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Q-Switching
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Q-switch acts as a shutter that can be open suddenly inside the
laser cavity

Dr. Hazem Falah Sakeek 8



29/10/1431

|
|
Flash- | l
|
|

Physics Academy
i Time (1)

lamp (1) |
Trigger |
{ R
5 \ Time (1)
Gain (1)
| Time IT}
A |
Quitput
power ()
' Time (1)

Flash Lamp ) ge 3 8 iail) i) Sl JSil) sy
AUl 5l Aary Auaal) adally el G & desiioal)

Dr. Hazem Falah Sakeek

Dr. Hazem Falah Sakeek

Physics Academy

Q-Switching -U! 4dlida 3 k

[Turning mirror at the end of the optical cavity
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iOnly when the mirror is facing the other mirror, there i

lasing. To increase the number of pulses per second,
pecial drum with many mirrors is turning. Thus fo
very turn of the drum, many pulses are emitted, sinc
ach mirror on the drum is facing the cavity separately.

Electro-Optic transducer

Output Volage Elecro

Laser Active Medium > - e »-E Optic
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Coupler

(Change the transmission through the device by electric
voltage.
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‘ [Acousto-Optic transducer
Oulpu! } Acousto-
mve mwuln .............. ! ............. SR sscer

Out Acousgt
S £

[Change the transmission through the device by acoustid
Isignal

- [Saturable absorber

Qutput

Laser :I"-yachvaMeduan—v—‘é Senrabie
Radation *— Absorder

Out
Coupler

IAn absorber that becomes transparent when it reach
turation. It is usually a dye solution which preven
lasing by absorption. When the radiation arrives at a
ertain level, this absorber comes to saturation, and
ince it can no longer absorb radiation, it becom
ransparent. At that moment lasing can occur, and all
he stored energy inside the cavity is emitted as a

ingle pulse.
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Mode Locking

Locking the longitudinal optical modes inside the cavity is achieved by
locking the relative phase of all the optical modes, such that at a certain
point they all have the same phase.

At this point a constructive interference occur between all the laser modes,

and the result is a single pulse, with very short width and very high peak
power, which move between the mirrors of the cavity.

This moving pulse cause the laser output to be orderly chain of pulses.
The length of each pulse is from 1 psec (1012 sec), up to 1 nsec (10 sec).
In figure the output laser radiation of a mode locked laser can be seen.

Output
Laser — T
Power
Alyn
time (1)

Output laser radiation of a mode locked laser.
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Mode Lock Optical Switch
The element locking the laser modes is an inside the cavity.

This switch is opened for a very short time equal to the length of the
pulse, and than close for a period of time equal to the time of round trip
of the pulse inside the cavity.

The location of the switch is near one of the end mirrors.

The switch allows the pulse to pass to the mirror and back, and than close
to disable other pulses from building up.

The switch opens again when this particular pulse arrive again from the
other mirror.

This is a synchronous switching which accumulates all the energy in a
single pulse moving back and forth between the cavity mirrors. Each time
it reaches the output coupler, a single pulse is emitted.

The mode locking is done with an Acousto-optical modulator, and the
frequency of its operation is determined by the travel time of the pulse
between the mirrors.

Dr. Hazem Falah Sakeek 13

Physics Academy

Time Interval (T) between two Adjacent Pulses.

The time interval (T) between two adjacent pulses is the time of
flight of the single pulse inside the cavity for a complete round
trip:

T=2L/C

L = Cavity length.
¢ = Velocity of light inside the active medium.

In a mode locked diode lasers, the pulse length can be a few
picoseconds (10-12 [s]), with pulse rate of hundreds of Gigahertz
(1011 [Hz]).
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