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Study on Reliability of Vapor Cell by Laser Packaging with Au/Au-Sn Heterojunction
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Abstract: As packaging processes for atomic gyroscope vapor cells, the glass tube tip-off process, anodic bonding, and
paste sealing have been widely studied. However, there are stability issues in the alkali metal which are caused by
impurity elements and leakage during high-temperature processes. In this study, we investigated the applicability of a
vapor cell low-temperature packaging process by depositing Au on a Pyrex cell in addition to forming an Au-Sn thin
film on a cap to cover the cell, followed by laser irradiation of the Au/Au-Sn interface. The mechanism of the thin film
bonding was evaluated by XRD, while the packaging reliability of an Ne gas-filled vapor cell was characterized by
variation of plasma discharge behavior with time. Furthermore, we confirmed that the Rb alkaline metal inside the vapor

cell showed no color change, indicating no oxidation occurred during the process.
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Fig. 1. Laser bonding process flow with heterojunction of Au/Au-Sn
thin film.
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Fig. 2. (a) Schematic structures of top and bottom with thin film
for heterojunction, (b) Au-Sn thin film on the cap, and (c) Au
thin film on the cell.
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Fig. 3. Schematic structure of cell formation in chamber.

Table 1. Condition of Rb dispensing.

Classification Rb dispensing

Current (A) 5.5 6.5 7.5 85 105 125

Time (sec) 5 10 5 10 10 2
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Table 2. Laser bonding method.

Classification Unit Value
Power \\% 10, 20
Pattern width mm 2
Power percent % 70
Line spacing mm 0.03
Speed mm/s 300
Cycle No. 60
(@ (b)
4’_'/

Fig. 4. Schematic structure of laser process. (a) Laser irradiation
on film and (b) laser pattern line.
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Fig. 5. Schematic structure of bonding mechanism between Au
film and Au-Sn film by laser heating.
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Fig. 6. Formed cell image with Rb dispensing and buffer gas.
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Fig. 8. (a) SEM image of Gold thin flim and (b) XRD pattens
of Au-Sn film before and after with laser bonding.
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Fig. 9. Plasma discharge of Ne cell in dark room. (a) Ne 50 torr
cell at 540 voltage and (b) Ne 50 torr cell at 710 voltage.
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Fig. 10. (a) CIE of Ne plasma at 200 torr and (b) Ne spectrum
with pressure at the breakdown voltage.
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