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Summary—We present the latest development of our in-house 

miniature atomic clock (LEMAC). The clock scheme is based on 

the continuous wave (CW) optical-microwave double resonance 

(DR) interrogation. Significant efforts have been put in a newly 

designed miniature microwave loop-gap resonator (LGR), laser 

locking scheme, and integrated Physics Package design. In its final 

state, our clock is expected to show a short-term stability 

performance of σy(τ)<1 × 10-11
 τ-1/2 in terms of Allan deviation, for 

an insulated (magnetic and thermal) resonator volume <20 cm3. 
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I. INTRODUCTION 

Miniaturization of atomic clock has been for a long time the 
subject of intense investigations. After the success encountered 
by the first commercial chip-scale atomic clock SA.45s from 
Microsemi [1], most of the efforts have been oriented towards 
coherent population trapping (CPT) interrogation scheme for 
apparent obvious miniaturization potential. Though 
miniaturization is impressive, miniaturized CPT clock struggle 
to show short-term stabilities significantly below 1 × 10-10 τ-1/2. 
We decided to pursue the classical optical-microwave 
continuous wave double resonance approach to miniaturized 
clocks. Although some commercial clocks, like mRO-50, 
exploit as well the DR scheme with glass blown cells and off 
resonance resonator, we are convinced that an optimized 
microwave resonator design and microfabrication techniques 
(for the cell and the resonator) can drastically improve the 
performances of the clock, especially in terms of stability. 
Therefore, the effort of our development focused on a newly 
designed miniature loop-gap resonator, the μ−LGR, smaller 
and presenting a better field orientation factor than the previous 
version [2].  

Here we will present our latest results and status of this 
newly designed continuous DR clock. We will discuss the 
originality of the designs and present preliminary results in 
terms of spectroscopy and stability performances. 

II. LEMAC DESIGN  

The present miniature atomic clock demonstrator exhibits 
several significant modifications with respect to the first 
resonator demonstrated in [3]. 
a) A Newly designed µ-LGR: The core of our clock 
consists of a 4 mm-size microfabricated cell [4] filled with a 
natural isotopic ratio of Rb. An additional buffer gas mixture of 
N2 and Ar allows for temperature compensation [5]. The cell is 
placed within an upgraded version of the μ-LGR presented in 
[2]. For the present version, we focused on size reduction and 
Field orientation factor (FOF) improvement. The volume of this 
new μ-LGR is now 0.6 cm3 (Figure 1 right), 30% smaller than 
the previous version, while maintaining an excellent FOF > 0.9. 
b) An innovative LGR cavity with asymmetrical C-field 

coil: The LGR cavity integrates now a first heating stage and 
asymmetric magnetic field coils for enhanced C-field 
homogeneity within the cell and tighter thermal control. 
c) VCSEL for optical pumping: The optical pumping is 
provided by a low-power VCSEL laser emitting at 795 nm. 
Almost exclusively employed in CPT clock [6], we 
demonstrate its potential in miniature DR clock.  
d) Optical reference scheme: The VCSEL emission 
frequency is now referenced directly on the optical absorption 
spectrum of the clock cell; therefore, no external stabilization 
scheme is required. 
e) An all-integrated physics package: including light 
module, resonator module, detection module, we achieved a lab 
demonstrator with a total volume of Vtot < 132 cm3, see Figure 
1 left (mass<500 gr). 

Fig. 1 Preliminary design of the LEMAC Physics Package 
(left) and of the µ-LGR (right). 
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III. DISCUSSION/CONCLUSION 

We are currently in the development stage, the clock 
realization and assembly is ongoing. At the conference, we will 
present the detailed clock design and discuss the fully 
integrated clock physics package, along with first spectroscopic 
and clock operation results. With the integrated LEMAC clock, 
the preliminary short-term stability of <3 × 10-11 τ-1/2 is 
expected to be improved, as well as its mid-to-long-term 
stability to below 10-11 up to 104s.   
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