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Sovereign Global Navigation Satellite Systems (GNSS) [1,2] are highly desirable for risk mitigation 

for ensured position, navigation, and timing services, critical to many services of modern society such 

as power distribution networks, supply chains, and national security. This growing dependence on 

ensured timing [3] combined with the reduced cost of launching space services has led to an incentive 

to develop next-generation satellite-enabled technologies.   The two-photon 52S1/2-5
2D5/2 transition in 

rubidium offers a frequency reference with a high spectroscopic signal to noise and atomic linewidth 

suitable for probing without an ultra-stable external reference cavity, from which a low size, weight, 

and power (SWaP) clock can be developed [4] with potential order of magnitude improvement in 

performance over existing technology. 

The 52S1/2-5
2D5/2 transition can be excited using two lasers at 780 nm and 776 nm tuned near the 

intermediate 52P3/2 state, which allows for much less optical power compared to excitation using a 

single colour at 778 nm. The two-colour clock, however, requires a more complex control scheme 

and a lower relative intensity noise on the 

probing lasers to achieve similar short- and 

long-term stability. The lower optical 

power reduces the SWaP requirements by 

taking advantage of highly engineered tel-

ecom industry laser technology to derive 

the probe light at 780 nm and 776 nm with 

no post-laser optical amplification. 

The pre-flight design presented in this 

work further develops the portable clock 

developed by the University of Adelaide 

for use in a space environment, having a 

target SWaP of 20 L, 20 kg and 100 W. 

Some of its considerations are the mitiga-

tion of orbit driven thermal fluctuations, 

improved power efficiency of control 

logic, and the compact packaging of an 

optical frequency comb [5]. 
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