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Abstract 

Atomic vapor frequency standards, and in particular rubidium vapor frequency 
standards utilize electsodeless discharge lampe in order to xxicasurc the atomic hyper- 
fine frequency. These lamps have been isolated as a reliability problr~rl i11 rcl~rl~nrrcially 
available frequency standards, and have been associated with fitilurrs of rubidium 
standards on GPS satellites. For satcllites systems, lifetinws rlf ten years clr more arc 
required. 

An extensive study has been undertaken at  FEI and the Aerospace Corporation to 
establish reliability data for rubidium lamp cells. II1 this stilciy, lamp re11 faillires are 
attributed to one of two mechanisms; either random faihlrrs in which the probability 
of failure is constant with time but the physical rnerha~lis~ri uf failure is u~lknown, 
or wear out failures due to  consumption of Rb in the cell. An ilppcr bourld random 
failure rate has been established for lamp cells rnanufacurcd at FEI. I11 addition, Over 
thirty-five FEI lamp cells have been continuollaly operated fur the last thrcc years, 
with regular Rb mass measurements t u  determine R b  ronsilrnptiorl. Tl~r. major Rh 
consumption mechanisms have been clearly identified and tcchrlirlucs tu ~llinirnizc total 
consumption have been established. 

The results of this study are reported, with special att~ntlorl to  t l l u  implications for 
future space programs. It is shown that adoption of precise lamp acceptancr criteria is 
critical to the attainment of extended lamp life. It is concluded that 20 year rontinl~oiis 
operation of Rb lamps can be achieved without difficulty. 
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