






































3.4 Pump System 

The pumping system is shown schematically in Fig.5 and is mounted on a mobile table, 
constructed in the mechanical workshop. It comprises a primary pump connected through a 
liquid nitrogen trap to an air-cooled turbo molecular pump. The pressure is measured by a 
penning gauge and a capacitance manometer. The CD2IHe/N2 mixture is connected to the 
gas inlet through a needle valve. 

Fig.S. Pump scheme. 1 - Primary pump. 2,3,6,10,11,13 - Valve. 4 - Vacuum trap. 5 -
Turbo molecular pump. 7 - Penning manometer. 8 - Capacity manometer. 9 - CD2 mixture 
gas tube. 12 - Gas inlet cavity. 14 - Laser cavity. 
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3.5 Power Supply 

A stabilized high voltage power supply (Siemel) is used to create the gas discharge. Its 
current stability is of the order of one part in 106. It is connected through series coupled 
150 ill ballast resistances to the copper cathodes, see Fig.6. The anode was kept at ground, 
in common with the ground of the laser support. 

HV 

1 I 

I 
I Anodes 

Cathodes 

Fig.6. Arrangement of ballast resistance connection. 

19 



4 Installation 

4.1 Cleaning and Mounting 

Before assembling the laser all metal parts were carefully cleaned. They were cleaned 
twice in tri-chlor-ethylene and once in ethanol, using an ultra sonic cavity. They were then 
heated to about 40°C in an evacuated oven to accelerate the degassing. This procedure was 
repeated each time a mechanical modification had to be made. The laser tube itself was 
initially cleaned twice in ethanol to remove dust particles. 

When gluing the piezo electric ceramic onto the mirror and holder, see Sec.3.3, the auto 
collimation was adjusted with an aligned red He-Ne laser. In this way it was possible to 
check that the mirror is parallel to the surface of the holder. 

The laser was mounted without using grease on the vacuum connections and the inner 
mechanics. However, after difficulties with sticking screws, vaseline was used to make the 
movement of the mirror adjuster smoother. Rubber O-rings were used for the diphragm 
holder flange, the laser valve and the cathode holder flanges. All other vacuum connections 
were made using copper seals. Two teflon rings were added, placed around the copper 
cathodes in order to guide the cathodes. No degassing from these rings was observed. 

4.2 Alignment 

The alignment of the laser was first done without the front mirror or grating. The 
linearity of the laser glass tube was first verified using a collimated He-Ne laser beam 7 mm 
in diameter and it was found to be satisfactory. Next step was to mount the grating. By 
examining the return beam the grating could be located so that its grooves were parallel to 
the axis of rotation, and the beam was auto collimated. Finally, keeping the system auto 
collimated, the mirror was mounted. In this condition, supposing that the two mirror faces 
are parallel, only a horizontal displacement should be required to initiate laser action. 

4.3 Pumping 

Before the laser could be used efficiently, it had to be pumped and degassed. The pump 
system is described in Sec.3.4. The laser was heated to 100 °C with wires wrapped around 
parts of the laser system. A pressure of about lxlO-4 Pa (8xlO-7 torr) could be obtained 
after baking and degassing. 
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4.4 Running 

When all mechanical parts were clean and a sufficient vacuum had been obtained, the 
laser was filled with the C02 mixture. This consisted of 13% C02, 13% N2 and 74% He, 
see Sec.2.1. The tube was first fIlled to 500 Pa (4 torr). The gas discharge was started with 
an initial power peak of about 10 kV. The discharge current was then maintained at about 
20 mA while continously filling the tube to 900-1300 Pa (7-10 torr). A faint violet 
fluorescence could then be observed in the inner laser cavity between each anode and 
cathode pair. 

Laser operation was attempted by keeping the He-Ne laser autocollimated, and changing 
the alignment slightly. When laser action was identified using either thermo sensitive plastic 
fIlms, thermo sensitive paper or by detecting the radiation with a power meter, the 
alignment was optimized. This was done by i) adjusting the laser mirror inclination in x-y­
direction, ii) adjusting the grating inclination, and iii) carefully pressing the laser glass tube 
with the teflon coated side screws, see Fig.4-c. More than 5 W of radiated power at 10,6 
J.lm was obtained at a gas pressure of 1600 Pa (12 torr) by adjusting the alignment. At 1300 
Pa (10 torr), more than 3 W of radiated power was achieved on the P(18) line. 

The laser beam ouput turned out to be a transverse multi-mode combination. This could 
be avoided by reducing the free inner diameter of the laser tube. Different sizes of inter 
cavity diaphragms were tried, see Sec.3.3. Using a diaphragm of 6 mm diameter a laser 
output up to 1,5 Won the P(18) line could be obtained when the laser cavity length was 
tuned. The intensity proftle then became less complicated. This is discussed in detail in 
Sec.5. 

4.5 Maintenance 

The cathodes are oxidized by use and have to be cleaned regularly. The cleaning 
procedure proposed by LPTF [15] was used: the inner and outer surface of the cathodes 
were first polished with the fmest grade of glass paper and then cleaned in an ultra-sonic 
bath containing tri-clor-acetylene. They were then put in an acid bath containing 90% 
orthophosphoric acid, 5 % nitric acid and 5 % acetic acid for a few minutes. After carefully 
cleaning them in an ultra sonic bath containing distilled water, they are finally rinsed in an 
ultrasonic bath containing ethanol. 

The laser has to be reftlled with gas after about six weeks. 
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5 First Results from the UnstabiIized Laser 

5.1 Choice of Modulation Frequency 

To ensure that the piezo electric ceramic (pzt) has no resonance at the chosen 
modulation frequency, the spectrum of the laser output was studied as a function of 
modulaton frequency using the HgCdTe detector and a spectrum analyser. Figure 7-a shows 
a typical spectrum when the pzt is in resonance with the modulation frequency; several 
harmonics can be found around the central frequency (marked with a white dot). Figure 7-b 
shows the output signal when no observable resonance is present. This criteria is essential 
for the use of third harmonic locking technique. Modulation frequency at 2,8 kHz was 
found to be suitable. 

Fig.7-a. Photograph of spectrum analyser screen 

with 10 kHz/div. The modulation frequency was set 

to 10.4 kHz, which is one of the resonances of 

the pzt, giving multiple harmonics. The center 

frequency is indicated with a white dot. 

Fig.7-b. Photograph of spectrum analyser screen 
with 2,5 kHz/div. The modulation frequency was I 

set to 2,8 kHz, a frequency which appears not 
to be in resonance with the eigenfrequencies of 
the pzt; only the centre frequency, indicated 
by a white dot and the modulation side bands 
are detected. 
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5.2 Beam Characteristics 

5.2.1 Descriptive Laser Parameters 

5.2.1.1 Formulas 

Classical ray optics do not adequately describe the behaviour of laser beams. The beam 
profIle is considered to be Gaussian. Five of the most common beam parameters [18] are 
illustrated in Fig. 8: beam divergence (0), the confocal parameter (b), beam waist (wO), 
beam radius (w(z» and radius of curvature (R(z», where z indicates the distance in the beam 
direction, using the position of wO as origin. 

b 

\9=~ 
_ [ 1two 

1-r---- ~------------~-z 

I 
Z=O 

Fig.8. Schematized Gaussian beam parameters. 
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Analytically these parameters can be described as 

it 
()=-

7lWo 

(3-a) 

(3-b) 

(3-c) 

(3-d) 

where it represents the laser wavelength. Aditionally, it is useful to know the value of the 
stability parameter gi, which is defined as 

(3-e) 

where L represents the length of the laser cavity. For example, a resonator is defmed to be 
stable when 0 < g Ig2 < 1. It can further be shown that 

2 AL ~(l- glg2)glg2 

Wo = 1[ (g, + g2 - 2glg2)' 

(3-t) 

see e.g. Shimoda [19]. Using a half symmetrical cavity, limited at one end by a mirror with 
the radius of curvature R and at the other by a flat mirror (or a grating) we obtain g 1 = I-
Ll R and g2 = 1, and it can hence be shown that 

(3-g) 

see e.g. [7]. Note that the stability condition is fullfllled for a half symmetrical cavity if 
R>L. 
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Pinally, the Presnel number Np is familiar as 

(3-h) 

where a>r is the free laser tube diameter. The diffraction loss is small if Np > > 1. 

5.2.1.2 Parameters of the BIPM C02 Laser 

Using the formalism presented in the previous section, the parameters of the laser are 
now calculated. 

The radius of curvature, R, of the laser output mirror is R=4 m, and the distance, L, 
between the grating and the laser mirror is 1 m. Using (3-e), it is found that gl = 1 and 
g2=0,75. wO can be calculated using (3-f) or (3-g) to give wO=2,42 mm. This is the beam 
waist at the grating. The beam radius, w, is calculated to be 2,80 mm on the output mirror. 

The angle of divergence is () = 1,4 mrad from (3-a). The value of NF is found to be 
1,9 for the laser tube, which indicates that the diffraction losses are resonable. 

Using a nomograph, Pahlen [20] has shown a useful way to deduce the beam parameters 
rapidly. Figure 9 is a nomograph showing the parameters for the current laser. 

5.2.2 Beam Prorde 

After some manipulation of the position of the laser tube, a quasi-Gaussian intensity 
profIle was found. The intensity distribution of the beam profile was measured using a 40 
~m pinhole mounted on a translation device capable of moving in the horizontal and 
vertical directions. The output signal was measured with a HgCdTe detector. To improve 
the beam profile, the beam was passed through a spatial fIlter in the form of two convex 
lenses with focal lengths of 254 mm and a central pinhole of 600 ~m diameter. 

The result obtained by scanning in the horizontal direction through the vertical position 
at which the maximum intensity was found is displayed in Fig.lO-a. The measured and 
fitted data are indicated by white and black squares respectively. The corresponding result 
obtained by scanning in the vertical direction is shown in Pig.lO-b. The measured intensity 
is in arbitrary units (the maximum values are not identical in the two figures). This result is 
considered satisfactory. 
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Fig.9. Extract from Fahlen [19] showing a nomograph with the geometrical beam 
parameters for our laser indicated by dashed lines. 
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Fig.10-a. Measured intensity of the beam proftle in arbitrary units, when scanning in the 
horizontal direction. The measured and fitted data are indicated by white and black squares 
respectively. The experimental data are joined by a solid line. 
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Fig.10-b. Measured intensity of the vertical beam proftle in arbitrary units. The measured 
and fitted data are indicated by white and black squares respectively. The experimental data 
are joined by a solid line. 
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5.2.3 Pressure and Intensity 

By optimizing the alignment of the laser tube the P(8)-P(32) and R(6)-R(22) laser lines 
were obtained, giving an intensity between 50 mWand 1,5 W at 1025 Pa (7.7 torr). 

The laser mode is observed to increase in power at higher pressures as expected, see for 
example [21]. At very low pressures, fluorescing segments in the laser cavity between each 
anode-cathode pair can be observed. This phenomenon has been identified as moving 
striations and has been described by Wallard and Woods [22]. 

5.3 First Comparison 

The opportunity occurred to compare the new BIPM C02 laser in free-running 
condition with one of the ETCA lasers, constructed by Dr Christian Breant and his team. 
The BIPM laser (BCl) was compared with the ETCA laser (LUSl) by superposing the 
output beams and projecting them onto a liquid-nitrogen cooled HgCdTe detector. Both 
lasers were using the P(20) line of the 10 Ilm band. BCl remained unstabilized, and LUSl 
was frequency stabilized using SF6 in an absorption cell. 

Initially BCl was secured mechanically without the elastic bearings, and on the first day 
a spectral purity of about 5 kHz was obtained. We obtained improved results the following 
two days by mounting the laser in its elastic bearings and fixing modelling clay to the 
metallic flexible tubes on each end of the laser (see Fig.4-a). With this configuration the 
spectrum shown in Fig. ll-a was obtained. The full width at half maximum, indicated by 
the arrows in the figure, is 2,3 kHz, recorded during 0,6 seconds. This is narrow enough to 
allow satisfactory control of a stabilized laser system. 

The Allan variance was also measured using the computerized measurement system at 
Dr Breant's disposal. Figure Il-b illustrates the results obtained, where the estimated 
flicker floor is indicated. by a straight horisontalline, around 350 Hz. This gives a relative 
frequency stability of 1,2 parts in 1011. 
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Fig.ll-a. Measured frequency spectrum when comparing our laser in free run with the 
stabilized C02 laser of the ETCA. The spectral purity of the BIPM laser is 2,3 kHz. 
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Fig.ll-b. Measured Allan variance of the BIPM laser. The flicker floor level is estimated 
to bet 350 Hz, corresponding to a relative stability of 1,2 parts in 1011. 
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