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Laser Experiments

LE-1200 Erbium doped Fibre Laser

Fibre Laser are a special class of
Lasers differing from the “classic
design”. The optical resonator consists of an optical fibre which can
be coiled onto a drum providing
extremely long amplification lengths. Within
this experiment the students are introduced to
the basics of optical pumping with subsequent
application by means of an Erbium doped optical fibre (EDF). This type of fibre is commonly
used as amplifier in long distance telecommunication as so called EDFA (Erbium doped
Fibre Amplifier). Due to its particular properties the EDF is a promising candidate also as
laser source for telecommunication and remote

sensing. The eye safe radiation makes such a
device also useful for long range finding applications. This experiment allows to study the
EDF in a linear as well as ring configuration.
As pump source a diode laser emitting around
300 mW at a wavelength of 980 nm is applied.
Via a wavelength division multiplexer (WDM)
the pump light is coupled to the EDF. To close
the ring, a fibre or an optical diode is connected
to the WDM and the other end of the fibre. By
means of a 4 port coupler - used as output coupler - a small fraction of the ring laser radiation
is coupled out for further analysis. Herewith
also counter propagating ring modes can be
verified. With the provided photodetector and

the modulator the time response like spiking, life time of excited states can be studied.
Keeping in mind that the longest EDF used
in the experiments has a length L of 8 m, the
longitudinal mode spacing (c/2nL) is 13 MHZ
for the linear laser and 26 MHz (c/nL) for the
ring laser with n=1.45. Thus with a fast InGaAs
photodiode and a simple oscilloscope or even
better a spectrum analyser should be able to
show the beat frequency of the modes.
At higher pump power and an 8 m long fibre
green radiation with a wavelength of 544 nm is
observed. It originates from a two photon (980
nm) excitation into higher lying states with subsequent laser emission.
to detect the emission of the fibre. The interference filter is mounted to an adjustment holder
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Fig. 2.75: Linear fibre laser
The pump laser diode has a so called single
mode fibre pigtail, terminated with a fibre connector and is directly connected to the EDF
fibre. The light inside the fibre is partially reflected at each end face due to Fresnel reflec-

tions. Despite the low reflectivity of 4% laser
oscillation is built up between the two end faces
of the EDF due to the high gain. A collimator
with short focal length forms an almost parallel beam and an InGaAs photodetector is used
cw ringlaser mode

WDM (980/1550nm)
980 nm pump laser diode

Optical diode or patch fibre

10% of ccw ringlaser
mode
ccw

Erbium doped
Glass fibre
2, 4, or 8 m

4 port fibre coupler

10% of cw ringlaser mode
ccw

Fig. 2.76: Fibre ring laser
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and passes only the 1.55 µm radiation. With its
front face reflectivity of about 10% it serves
also as an external cavity mirror to study the
effect of a coupled optical cavity. The pump
laser diode is connected to a controller with
adjustable injection current and modulation.
This allows to study the amplified spontaneous emission (ASE) below and above the laser
threshold. By using the modulation of the injection current the lifetime of the excited state
as well as impressive laser spiking is displayed
and measured on an oscilloscope
The pump radiation is injected by a wavelength
division multiplexer (WDM) into the ring
structure which consists out of the EDF, a 4
port fibre coupler and an optical diode or just
a fibre patch cable. The optical diode is used
to force the ring laser either to the clockwise
(cw) or counter clockwise (CCW) operation.
Exchanging the optical diode against a fibre the
ring laser oscillates in both directions. The 4
port fibre coupler is used to extract about 10%
of the internal power of the cw and ccw ring laser mode for measurement purposes. Including
the optical diode into the ring structures only
cw or ccw oscillation occurs. By using an electronic spectrum analyser the beat frequency of
the longitudinal ring resonator modes is measured and set into relation to the resonator length
for the 2, 4 or 8 m long EDF.
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In this experiment the pump laser (15) is characterized. The diode laser of (15) is built into a
butterfly housing which contains a Peltier cooler and the necessary temperature sensor. The
controller (3) provides the injection current as
well as the temperature controller. The output
power of the diode laser is 300 mW measured at
the single mode fibre pigtail which is connected
via a single mode patch cable (11) to the fibre
connector of (9). The InGaAs photodiode (4)
and the junction box (5) is used to measure the
output power in relative units.
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Fig. 2.77: Characterization of the pump laser
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Fig. 2.78: Measurements with Erbium doped fibre (EDF)
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The EDF (14) is added to the optical bench and
connected via the fibre patch cable to the pump
laser diode and to the fibre jacket (13). The
emitted radiation passes either the 980 nm laser
line filter (10) to measure the absorption of the
pump radiation or the 1550 nm laser line filter
(11) to measure only the spontaneous and stimulated emission. Using the modulation of the
pump laser diode (15), the dynamic behaviour
of the fluorescence and laser action is studied.
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Fig. 2.79: Pump laser power versus injection current and temperature

Fig. 2.80: Lifetime of the excited state
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Fig. 2.82: Output power versus injection
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LE-1200 Erbium doped Fibre Laser consisting of:
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Fig. 2.83: Mode beat frequencies on the
spectrum analyser

Code
Qty. Description
CA-0070
1 NIR Laser viewing card 980 nm and 1.5µm
CA-0450
1 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0160
1 InGaAs Photodetector with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 2 Mounting plate C25 on carrier MG20
MM-0440 1 Kinematic mount ø25.4 mm on MG20
MP-0150
2 Optical Bench MG-65, 500 mm
OC-0430
1 Fibre jacket in C25 mount
OC-0758
1 Laser line filter 980 nm in C25 mount
OC-0760
1 Laser line filter 1550 nm in C25 mount
OC-2010
2 ST/ST SM Fibre patch cable, length 0.25 m
OC-2100
1 SM Fibre collimator
OC-2200
1 Erbium doped fibre unit, ST terminated 1.5 m
OM-0540
1 Diode laser module 980 nm, ST fibre connector
UM-LE12
1 Manual Fibre Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0210
1 Spectrum Analyzer 100 kHz - 500 MHz
LE-1240
1 Fibre Ring Laser Extension
OC-2210
1 Erbium doped fibre unit, ST terminated 4.0 m
OC-2220
1 Erbium doped fibre unit, ST terminated, length 8 m
OC-2230
1 Erbium doped fibre unit, ST terminated, length 16 m
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Fig. 2.81: Spiking of the Erbium laser
The photodetector (4) is connected to the signal
box (5) and the output to the optional spectrum
analyser (18). The screen shot of Fig. 2.83 has
been recorded for a fibre length of 8 metre. In the
range from 0 - 1,500 MHz 4 groups with a spectral distance of 364 MHz to each other appears.
Each group consists of 4 peaks with a spectral
distance of 33 MHz. From this value the free
spectral range of the fibre cavity can be determined as well as the number of oscillating modes.
The measurements are also carried for the 2 and
4 metre long Erbium doped fibre. A great task to
identify the modes only by combinational analysis.

Highlights
Basic, advanced, and top level  experiments
Outstanding features for an all fibre coupled linear and ring fibre laser:
 Two photon excitation
 High gain, easy alignment
 Visible 544 nm emission
 Real time mode spectra analysis
Intended institutions and users:
Physics Laboratory
Telecommunication
Engineering department
Electronic department
Biophotonics department
Chemistry department

