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p5855 Helium Neon laser
 9 HeNe Energy level diagram

 9 Resonator stability

 9 Gaussian beams

 9 Double refractive crystal

 9 Line & mode selection

 9 Single mode etalon

The first demonstration of laser action based on a gas mixture of Helium Neon has been demonstrated by Javan et. al. in 1961. Nowadays their initial 
major applications have been substituted by much more cheaper visible diode laser. However for high precision interferometric measurement tasks the 
Helium Neon is still in use.
One important application is the use in laser gyroscopes for the navigation of air planes and missiles.
Still the Helium Neon laser is used to introduce the concept of a laser and is widely used in beginners lectures on lasers. 
Generally the HeNe-Laser is the first laser which students encounter when they start their training in laser technology. Therefore a number of practical 
aspects are transferred when performing this experiment. The very first observation of laser oscillation after successful initial adjustment is doubtless 
an unforgettable experience of this experiment.
The selection of the 611 nm line (orange) will still enhance this experience. There is also a series of quantitative measurements to be studied and executed.
An open frame experimental laser based on a He-Ne tube with two Brewster’s windows (2) is used to demonstrate the laser operation. By means of the 
provided power supply (1) the discharge current can be adjusted to measure its influence on the laser operation.
The optical resonator or cavity is formed by two common 1/2 “ exchangeable mirrors with different radii of curvature  mounted in high precision adjust-
ment holders (3 + 4).
For ease of adjustment a pilot Laser is attached as an alignment aid at the beginning. By means of the provided crossed hair target the pilot laser is 
aligned to the optical axis of the set-up. The laser tube is mounted into xY-adjustments to align the tube with respect to the pilot laser. Finally the mir-
rors are aligned with respect to the beam of the pilot laser.
A birefringent filter (15) or a Littrow prism (14) is used to select a specific wavelength. By means of an etalon (14) placed into the cavity the laser is 
forced to single mode operation.
A photodetector (8) and an alignment laser (6) are supplied on a 1 metre optical rail (10), along with all necessary mounts and adjusters.

Helium Neon laser Basic Set-up
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With the basic set-up the optical resonator will be understood and verified. By means of the provided pilot 
laser the initial alignment is easy and reproducible.
By changing the distance of the cavity mirrors to each other, the optical stability criterion can be veri-
fied and the optimum output power determined. By means of a simple sliding calliper the diameter of the 
intracavity beam can be measured and discussed with respect to Gaussian beams. 
When the mechanism of excitation and the relevant energy level scheme is learnt the operation of the 
HeNe-Laser at different wavelengths is realised in the next step.

Set-up with a littrow prism for line selection
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The Littrow prism is a combined optical 
component consisting of a coated prism.

1

2

5
6 7 8

9

10

11

12

13

16

By replacing the flat mirror of the cavity with the Littrow prism (13), the selection of a different wave-
length becomes possible. The selection of the wavelengths is carried out by means of a dispersion prism ( 
Littrow set-up ) or by using a birefringent filter, known as a tuning element from Dye-lasers.
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Set-up with birefringent tuner for line selection
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By using the Jones matrix formalism the be-
haviour of a birefringent (double refractive) 
plate with a specific thickness, orientation 
and wavelength dependant  transmission 
can be calculated
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This experiment enhances the understanding of the participating atomic energy levels and renders basic 
knowledge with regard to crystal optics, Brewster’s angle and amplification of a lasing medium. By means of 
the birefringent filter, a total of five visible lines can be selected. The significant influence of the discharge 
current on the output power is measured and discussed emphasizing on the weak lines.

Set-up with etalon for single mode operation
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The single mode operation can only be 
verified by using an additional electronic or 
optical spectrum analyser. When using an 
electronically spectrum analyser the pro-
vided photodetector is connected to it. In 
single mode operation the beat frequency 
of multimodes vanishes.
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To obtain the purest possible spectral emission the laser should operate on a single mode only. This can be 
achieved by using a so called Etalon, which in fact is a piece of glass with two exact parallel faces. Based on 
the natural reflectivity (Fresnel laws) of the faces it forms also a cavity.  Placed into the Helium Neon laser 
master cavity it introduces extra losses. By choosing a particular length of the etalon, the system can be 
adjusted by tilting the etalon to operate in single mode only.

xP-06 Helium Neon Laser Basic Set-Up

p5855 Helium Neon laser Basic Set-up consisting of:
Item Qty Description

1 1 HeNe Laser high voltage supply and controller
2 1 Main laser tube with xY-adjustment
3 1 Module D Laser mirror adjustment holder left with 1/2” mount
4 1 Laser mirror  - 1/2”, R=700 mm, HR @ 632 nm
5 1 Module D Laser mirror adjustment holder right with 1/2” mount
6 1 Laser mirror - 1/2”, flat, HR @ 632 nm
7 1 Mounting Plate, including carrier 20 mm, C 25
8 1 Module G - SiPIN photodetector
9 1 Digital multimeter 3 1/2 digits  
10 1 Adjustment holder, 4 axes, carrier 20 mm 
11 1 Pilot laser DIMO 532 nm
12 1 Optical rail MG-65, 1000 m
16 1 BNC / Banana connection leads 1 m
17 1 Optic cleaning set
18 1 Manual HeNe Laser

4B-0456/80 Laser mirror in holder

LS-0170 Pilot laser 532 nm (green) with 
power supply

Set-up with Littrow prism

13 1 Littrow prism with adjustment holder

The Littrow prism is a combined optical component consisting of a coated 
prism. It acts as laser mirror and selective element simultaneously. A high qual-
ity BK7 Littrow prism is supplied with a high reflectivity (>99,98 %) coating in 
the range from 580 to 650 nm.

Set-up with etalon

14 1 Single mode etalon with adjustment holder

A glass body with parallel faces is mounted into the 4 axis adjustment holder 
which is placed inside the cavity. By tilting the etalon multiple order of the 
tuner are demonstrated. To verify the single mode operation either an optical 
spectrum analyser (parts of xP-03) or an electronic one is needed.

15 1 Birefringent tuner (Lyot filter) with adjustment holder

A plate of natural birefringent quartz is mounted in an rotator which allows 
the turning of the plate for tuning different lines of the main laser. With an 
additional rotator the plate can be tuned precisely to the Brewster’s angle 
resulting in lowest reflection losses.Setup with birefringent tuner
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