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The use of short-pulse lasers enables the generation of high peak
power pulses in a short time,
which are useful for the investigation of non-linear effects and for
the investigation of time dependant effects e.g.
time resolved spectroscopy. In order to achieve
extremely high peak power up to the Gigawatt
range, laser systems are applied, which possess
long lived excited states able to store energy
and to emit it in an extremely short time. One
of such lasers is e.g. the Nd:YAG laser. With
q-switching in so called active or passive mode,
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it is possible to generate such short pulses. Here,
in a first step the theory of laser operation with
Nd:YAG is discussed and the steady state as
well as time dependent solution of the four
level rate equation is analysed. A two level rate
equation model is introduced to explain the saturation behaviour of an optical absorber. The
saturable absorber for passive q-switching is
introduced. The dynamics of the pulse generation, like repetition rate, pulse width and peak
power are determined. The experiment consists
of the laser diode pumped Nd:YAG - laser as basic version with an additional passive q-switch
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Fig. 2.58: Nd:YAG laser with saturable absorber crystal
The q-switch crystal is a saturable absorber
whose absorption depends on the intensity of
the incident light, the higher it is, the less the
absorption will be. Placing such a crystal into

the Nd:YAG laser cavity will prevent the laser
to oscillate. However, the stimulated and spontaneous emission increases and reduces the absorption of the crystal to such an extend, that
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Fig. 2.59: Adjustable iris to reduce the number of transverse modes
To control the number of transverse modes an
intracavity adjustable iris is placed into the cavity. By adjusting the free opening of the iris the

diameter of the mode volume of the Nd:YAG
laser is constricted, which in turn reduces the
number of transverse modes. Even the funda-

(Cr:YAG) crystal. The time dependant signals
are displayed and evaluated using an optional
oscilloscope. Beside the generation of short
pulses, the behaviour of the Nd:YAG laser can
also be the subject of additional investigations,
like measuring the threshold, slope efficiency
and so on. By using the optional Pockels cell including the high voltage driver active q-switch
can be performed and explored.
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the laser reaches the threshold and emits a giant pulse. Immediately after the pulse ends, the
crystal’s absorption goes up again and prevents
any laser action, until the crystal becomes
transparent again under the influence of the
strong fluorescence light. In this way a periodic
pulse emission is created. Since the occurrence
of the laser pulse depends on the systems parameter and its dynamics the pulse cannot predicted and thus this method is termed as passive
q-switching opposed to the active q-switching
where the operator controls the pulse release.
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mental Gaussian mode can be achieved in this
way. Each transverse mode will build its own
pulse and the less transverse modes exist, the
clearer the pulse train will be. The pulses are
detected by the fast photodiode PD and displayed on an oscilloscope. The expected pulse
width is in a range of 50-100 ns and when using
a cavity mirror with lowest output the cavity
ring down effects can be observed as asymmetry of the pulse shape. The falling edge appears
as a decay like curve.
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Description of the components
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The Nd:YAG rod is mounted to a M16 mirror
mount and screwed into the mirror adjustment
holder of (17). The rod is optically pumped by the
diode laser which is mounted to a Peltier cooler

inside the housing of (19). The laser emits a power of 1 W at a wavelength of 808 ± nm at 25°C.
The divergent light is collimated by a precision
aspheric lens (14) to an almost parallel beam. The

XY- adjuster (9) is used to align the beam with
respect to the mechanical axis of the rail which is
given by the target screen (10) when plugged in to
the mounting plate (7) at the end of the rail (13).
The lens (13) focuses the beam into the Nd:YAG
rod (17). The Nd:YAG laser cavity is formed by
the coated back side of the Nd:YAG rod and the
mirror (16) which is screwed into the adjustment
mount (11). The optical signals are detected by
the photodiode of (5) which is connected to the
junction box (6) where the photo current is converted into a voltage. For the frequency q-switch
pulse generation a Cr:YAG crystal (18) is used,
which is mounted into a 4 axes adjustment holder
to achieve best alignment with respect to the optical axis of the cavity. A RG 1000 filter (15) is
used to transmit only the laser radiation to the
photodetector (5). To control the number of transverse modes an intracavity adjustable iris (23) is
placed into the cavity. For the performance of
the measurements an oscilloscope is mandatory.

Measurements

Fig. 2.60: Free running q-switch pulse
train

Fig. 2.61: Virtual q-switch by pump laser
modulation

After optimising the output power of the
Nd:YAG laser the Cr:YAG - crystal (19) is inserted into the resonator.

After slight re-adjustment one observes a
train of needle-like pulses on the oscilloscope.
Groups of amplitudes of different height show
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Item
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Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0080
1 Optics cleaning set
CA-0450
2 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0060 1 Filter plate holder on MG20
MM-0090 1 XY adjuster on MG20
MM-0100
1 Target Cross in C25 Mount
MM-0462 1 Kinematic mirror mount M16, right
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0170
1 Collimator 808 nm in C25 mount
OC-0950
1 Filter RG1000 50x50x3 mm
OC-1070
1 Laser mirror M16, ROC 100 mm, HR @ 1064 nm
OM-0624
1 Nd:YAG rod in 2 axes kinematic mount
OM-0660
1 Cr:YAG passive q-switch, 5 axis mount on MG20
OM-L500
1 Diode laser module 808 nm on C20
UM-LE06 1 Manual for Nd:YAG Laser
Option (order separately)
LE-0820
1 Active Q-switch Extension
OC-0400
1 Adjustable iris mounted in C25
OC-1060
1 Laser mirror M16, ROC 100 mm, T 2% @ 1064 nm
Required Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel

LE-0820 Active Q-switch Extension consisting of:

Item
Code
1
CA-0005
2
DC-0356
3
OM-0030

Qty.
1
1
1

Description
Allan key SW 0.9
Pockels Cell HV Driver DQ21, HV and Trigger Cable
Lithium Niobate Pockels Celle C-1043

Details page
127 (10)
127 (12)
130 (28)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (8)
94 (9)
97 (29)
93 (8)
99 (5)
105 (65)
104 (54)
105 (65)
115 (32)
115 (35)
118 (55)
132 (4)
100 (19)
105 (64)
128 (19)

Details page
126 (1)
125 (28)
110 (4)

that there are also transversal modes as the result of the q-switching. The number of modes
can be reduced by using the adjustable iris (23)
leading to a more stable pulses with almost
same amplitudes (Fig. 2.60).
A virtual active q-switch operation is obtained
by modulating the pump laser diode and setting
the duty cycle such, that only one of the laser
pulse occurs (Fig. 2.61).
The repetition rate depends essentially on the
losses and on the pump power. The higher the
pump power is, the faster the saturation process
for the q-switch will be, leading to a higher repetition rate. However, its upper limit is determined by the lifetime of the upper laser level.
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