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LE-0700 “Green” SHG with Diode pumped Nd:YAG Laser

How it works

Introduction
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Lasers which emit light in the
short wavelength spectral range
are expensive and not sufficiently
reliable for many applications. A
more economically way to generate such radiation is achieved by frequency doubling. Especially the generation of green laser
radiation is an important requirement of the
lithographic industry. At present the argon ion
laser is being displaced more and more by frequency doubled diode pumped Nd:YAG lasers.
The principles of the generation of frequency
doubled light will be explained and simultane-

ously the possibilities of non linear optics learnt
in this experiment. The understanding of non
linear effects is very important for laser technology, since the processes of generation of
short pulses are also based on non linear effects.
Within the experiment the phase matching
condition will be presented and analysed. The
efficiency of frequency doubling will be determined and hints for an optimised conversion
rate will be evaluated in the experiment. For the
first time the subject of frequency doubling can
be followed up in a certain manner by a practical experiment. The theoretical understanding

of the non linear optics grows by practical verification. Incidentally the understanding of birefringent crystals grows by experience of phase
matching. The fundamental wave is generated
by a diode laser pumped Nd:YAG laser with an
open resonator structure. The non - linear crystal is placed into the resonator and intra - cavity SHG is carried out. The reflectivity of the
output coupler of the Nd:YAG laser is chosen as
high as possible to obtain several watts of power of the fundamental wave inside the cavity.

Fundamental radiation 1064 nm

radiation is collimated (C) to an almost parallel beam and afterwards focused by the lens
(L) in such a way that the focus lies within the
Nd:YAG crystal. The KTP crystal is inserted
into the cavity close to the Nd:YAG crystal
where the beam waist is at smallest and thus the
intensity of the fundamental radiation (1064
nm) at highest for efficient second harmonic
generation (SHG). A filter is used to suppress
the residual fundamental and pump radiation
and to transmit the “green” SHG only.
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Fig. 2.50: “Green” Second Harmonic Generation (SHG)
LD 808 nm
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One side of the Nd:YAG crystal is coated and
forms the first mirror (M1) for the laser cavity.
The second mirror (M2) is a curved mirror re-
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sulting in a hemispherical cavity. The Nd:YAG
crystal is pumped by the radiation of 808 nm
emitted from the laser diode. The divergent
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Fig. 2.52: Adjustable iris to reduce transverse modes down to TEM00
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Fig. 2.51: Tuning different “green” lines from 526 up to 539 nm
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Due to the high gain and asymmetric pump
beam a large number of transverse modes are
excited. Each of these modes generates a second harmonic which gives a visible pattern on a
screen. To reduce the large multitude of modes,
an adjustable iris is placed close to the output
coupler mirror M2. Clear structured, beautiful
transverse modes are achieved!
This unique experiment uses a birefringent tuner (BFT) to select one of the manifold of lines of
the Nd:YAG laser around 1064 nm (see ) resulting in the same number of frequency doubled
lines from 526 to 539 nm. The BFT is placed
under the Brewster angle along with the KTP
crystal inside the cavity. The change of the colour is not sufficient to distinguish the lines, thus
the use of a spectrometer is recommended.
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The Nd:YAG rod is mounted to a M16 mirror mount and screwed into the
mirror adjustment holder of (21). The rod is optically pumped by the diode
laser which is mounted to a Peltier cooler inside the housing of (23). The
3

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 (16) 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 (15)
focuses the beam into the Nd:YAG rod (21). The Nd:YAG laser cavity is
formed by the coated back side of the Nd:YAG rod and the mirror (20) which
is screwed into the adjustment mount (12). 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 doubling or second harmonic generation a KTP crystal (22) is used, which is mounted into
a 4 axes adjustment holder with a rotary mount to achieve best phase matching. A BG 39 filter (18) is used to transmit only the green radiation to the
photodetector (5) or translucent white screen (11). To control the number of
transverse modes an intracavity adjustable iris (17) is placed into the cavity.
The Fig. 2.54 shows the power of the second
harmonic versus the pump power which reveals
the non linear nature of the second harmonic
generation. Furthermore, the SHG radiation is
used to visualize the transverse mode structure
(Fig. 2.55) of the Nd:YAG laser and is imaged
by a short focal biconcave lens (14) onto the
translucent white screen. The adjustable iris
(15) is used to constrict the radial mode volume
even down to the TEM00 mode.
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Fig. 2.54: SHG power versus pump power

Fig. 2.55: Higher transverse modes, photograph of the translucent screen

Tuning green lines from 525.8 to 538.8 nm
1063.7 (531.9)
1060.9 (530.5)

observed laser lines

1051.5 (525.8)

1073.5 (536.8)
1077.6 (538.8)
Wavelength [nm]

The fluorescence spectrum of Fig. 2.53 shows
next to the common 1064 nm line a couple of
some more lines which are candidates for laser
operation. However, they can only oscillate if
the strong 1064 nm is suppressed significantly
which is obtained by using the birefringent tun-

er (27) inside the laser cavity. By means of the
fibre coupled spectrometer (26) the laser lines
are identified. For almost each fluorescence line
laser operation can be achieved. Each lasing
line is frequency doubled by the KTP resulting
in a respective manifold of green lines.
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Fig. 2.53: Fluorescence and laser spectrum
The values in the brackets behind the lasing
wavelength of the Nd:YAG laser are the frequency doubled lines ranging from 525.8 to
538.8 nm!

LE-0700 “Green” SHG with Diode pumped Nd:YAG Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Code
Qty. Description
Details page
CA-0060
1 Infrared display card 0.8 -1.4 µm
127 (10)
CA-0080
1 Optics cleaning set
127 (12)
CA-0450
2 BNC connection cable 1 m
130 (28)
DC-0040
1 Diode laser controller MK1
121 (4)
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
DC-0380
1 Photodetector Junction Box ZB1
125 (30)
MM-0020 2 Mounting plate C25 on carrier MG20
93 (1)
MM-0060 1 Filter plate holder on MG20
94 (7)
MM-0090 1 XY adjuster on MG20
94 (8)
MM-0100
1 Target Cross in C25 Mount
94 (9)
MM-0110
1 Translucent screen on carrier MG20
94 (10)
MM-0462 1 Kinematic mirror mount M16, right
97 (29)
MP-0150
1 Optical Bench MG-65, 500 mm
93 (8)
OC-0005
1 Biconcave lens f=-5 mm, C25 mount
98 (1)
OC-0060
1 Biconvex lens f=60 mm in C25 mount
99 (5)
OC-0170
1 Collimator 808 nm in C25 mount
99 (13)
OC-0400
1 Adjustable iris mounted in C25
100 (19)
OC-0939
1 Filter BG39, 50 x 50 x 3 mm
104 (53)
OC-0950
1 Filter RG1000 50x50x3 mm
104 (54)
OC-1070
1 Laser mirror M16, ROC 100 mm, HR @ 1064 nm
105 (65)
OM-0624
1 Nd:YAG rod in 2 axes kinematic mount
115 (32)
OM-0650
1 KTP crystal SHG 532 nm, 5 axes mount on carrier MG20 115 (34)
OM-L500
1 Diode laser module 808 nm on C20
118 (55)
UM-LE06 1 Manual for Nd:YAG Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
128 (19)
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
129 (26)
OM-0580
1 Birefringent Tuner
114 (27)

Highlights
Basic, advanced and top level  experiment










Classical Nd:YAG laser
Laser spectroscopy
Hemispherical cavity
Concentric and confocal cavity
Lifetime and Einstein coefficients
Optical stability criteria
BFT “green” line tuning
Nonlinear Optics
High order transverse modes

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine

Laser Experiments

Description of the components
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LE-0710 “Green” 532 nm SHG extension
Laser Experiments

This extension comprises all necessary components to convert the “LE-0600 Diode pumped
Nd:YAG Laser” into the “LE-0700 “Green”
SHG with Diode pumped Nd:YAG Laser”. The
main part is the KTP crystal (5) mounted into
a 4 axes adjustment holder with a rotary mount
allowing the KTP crystal to be rotated around
its optical axis for best phase matching angle.

LE-0710 “Green” 532 nm SHG extension consisting of:

Item
Code
1
MM-0110
2
OC-0005
3
OC-0400
4
OC-0939
5
OM-0650

Qty.
1
1
1
1
1

Description
Details page
Translucent screen on carrier MG20
94 (10)
Biconcave lens f=-5 mm, C25 mount
98 (1)
Adjustable iris mounted in C25
100 (19)
Filter BG39, 50 x 50 x 3 mm
104 (53)
KTP crystal SHG 532 nm, 5 axes mount on carrier MG20 115 (34)

LE-0720 “Red 660 nm” SHG Extension
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Fig. 2.56: The 1330 nm laser transition
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Fig. 2.57: Red SHG lines

LE-0720 “Red 660 nm” SHG Extension consisting of:

Item
1
2
3
4

This extension comprises all necessary components to operate the “LE-0600 Diode pumped
Nd:YAG Laser” at 1330 nm instead of 1064
nm. For this purpose the provided Nd:YAG rod
(1) and the cavity mirror (4) are coated for this
wavelength. A KTP crystal (2) is provided to
double the frequency of the fundamental wave
of 1330 nm resulting in a red radiation. With
the spectrometer (CA-0270) the spectrum
of the visible red radiation is recorded and it
shows three different lines (see Fig. 2.57). From
this we can conclude that the Nd:YAG laser
oscillates simultaneously on three lines 1318.8
1327.0 and 1337,6 nm. The Fig. 2.56 shows the
relevant energy level diagram for the 1064 nm
(532 nm) and the transition 4F3/2 → 4I13/2 for the
1330 nm manifold.

Qty. Description
1 Nd:YAG rod 1.3 µm coating, M16 mount
1 “Red 660 nm” SHG crystal mounted KTP in mount
1 Filter KG5, 50 x 50 x 3 mm
1 Laser mirror M16, ROC 100 mm, HR @ 1300 nm

Details page
103 (48)
103 (49)
103 (51)
105 (67)

