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Summary— Doppler-free two-photon absorption spectroscopy 

is employed to characterize the purity of rubidium vapor micro-

fabricated cells. The observed broadening suggests the presence of 

impurities and contaminants in the cell.  
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I. INTRODUCTION 

Recent years have seen the development of compact and 

miniaturized vapor cell optical clocks based on the use of the 

two-photon absorption transition (TPT) of Rb atom at 778 nm 
[1-4], or 780-776 nm [5], with remarkable stability results. 

In such experiments, the purity of the cell inner atmosphere is 

crucial to access the full potential of the two-photon transition 

natural linewidth, of the order of 300 kHz [6]. Indeed, the 

presence of contaminants or impurities induce a collisional 

broadening of the transition of the order of a few tens of 

MHz/Torr [7]. 

We present here preliminary characterization studies towards 

the demonstration of microcells compatible with the 

development of an optical frequency reference using the 

Doppler-free TPT resonance of Rb at 778 nm. These microcells 
are fabricated similarly to Cs dispenser-based cells [8], but use 

Rb dispenser pills instead.  

The reported tests aim to assess the cell purity through TPT 

resonance linewidth measurements. Results are compared with 

the ones obtained from an evacuated commercial glass-blown 

Rb cell.      

II. METHODS/RESULTS 

The experimental TPT setup involves a laser source composed 

of an extended cavity diode laser (ECDL), tuned at 778.1 nm, 

an optical isolation stage, and an acousto-optical modulator 

(AOM) employed to control the laser power. After the AOM, 

the light can be sent either in a glass-blown Thorlabs Rb vapor 
cell, or in a micro-fabricated Rb vapor cell. All tested cells 

contain a natural mixture of 85Rb and 87Rb. The glass-blown cell 

is hold by heating rings used to heat the cell, while the micro-

fabricated Rb cell is mounted in a dedicated physics package. 

The laser power at the cell inputs is in the order of 16 mW. Once 

the two-photon transition is excited, the 420 nm fluorescence is 

measured using a photomultiplier (PMT).  

Figure 1 shows a trace of the PMT signal as a function of 

the laser frequency, measured for the commercial glass blown 

cell. The hyperfine splitting of Rb is here easily identified. 

 

 
 

 
 

Figure 1: 778 nm Rubidium TPT spectrum in a high purity 

Thorlabs glass blown cell. The enlarged views in a,b,c,d) show 

the hyperfine line splitting 

 

Fitting the peaks in Fig. 1 by a Voigt line profile leads to a 

linewidth for the observed resonances equal to (1040±70) kHz. 
The Voigt linewidth [9] can be further decomposed into two 

contributions: the Lorentzian linewidth due to the natural 

linewidth of the transition and collisional broadening, and the 

Gaussian linewidth due to the residual Doppler effect and 

instrumental broadening. A Lorentzian linewidth equal to 

(530±30) kHz and a Gaussian linewidth equal to (700±100) 

kHz were found from the fitting. The Lorentzian linewidth is 

about 200 kHz higher than the natural linewidth of 330 kHz. 

mailto:martin.callejo@femto-st.fr


This might come from helium from the atmospheric pressure 

that permeated and entered through the cell glass. 

A similar test was performed for the micro-fabricated Rb 

cell. In this case, the peaks appear less-resolved, due to 

collisional broadening. Here, the measured Voigt profile is 
(3600±300) kHz, with a Lorentzian linewidth of (2350±70) 

kHz and a Gaussian linewidth of (2100±400) kHz. Compared 

to the results with the glass blown cell, the Lorentzian linewidth 

is much higher. This can be attributed to the presence of a larger 

amount of impurities in the microcell rubidium vapor. The 

increase in Gaussian linewidth might be due to the imperfect 

overlapping of the counter-propagating beams. Such 

investigations are currently pursued.  

III. CONCLUSIONS 

The preliminary results show that the measurement of the 

two-photon transition resonance is a useful non-destructive 

method to test the level of purity of vapor microcells. To date, 
significant line broadening is observed in Rb microfabricated 

cells, revealing the presence of impurities in the cell 

atmosphere.  Cells with integrated non-evaporable getters [10] 

for the improvement of the cell inner atmosphere might be 

tested in the near future using the setup presented here. Latest 

results will be presented at the conference. 
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