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Alkali Metal Vapor Cells for Chip-Scale Atomic Clocks Utilizing
Three-Dimensional Silicon Dry Etching Process
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Microfabricated alkali vapor cells are a key component of chip-scale atomic clocks (CSAC),
and finding increased use in atomic-based instruments. To achieve high clock performance,
dedicated cell fabrication to seal pure Cs and buffer gas (N>) in the cell is required. Recently,
Cs-dispenser technologies have been utilized for wafer-level cell fabrication since they can avoid
the complexity in conventional methods and obtain excellent clock performance. However, the
dispenser itselfin the cell might be reactive contaminants and causes buffer gas pressure change.

To prevent outgassing in the cell, in-situ thermal decomposition of CsN3 on Si or glass
substrate is the promising approach; however, it requires a high-temperature heating around 550
°C. Here, an effective Cs vapor cell fabrication at the wafer-level utilizing a novel Cs-source is
proposed. In this method, a microfabricated Si grooves with multiple re-entrant structures (i.e.,
“micro-size” scalloped patterns) is employed as a preform, and CsN; precursor is deposited on
the surface. This method enables in-situ thermal decomposition of CsN; with high efficiency
at the wafer-level. Furthermore, the cell fabrication is combined with plasma activated low-
temperature Si/glass bonding to reduce the outgassing in the cell.

To confirm efficiency of groove with scalloped pattern, pressure of N, produced by CsN3
decomposition was investigated. Taking advantage of the geometrical benefits, Si preform
with the suitable re-entrant pattern could achieve high efficiency. Thus, in the Cs-filled cells
fabrication at the wafer-level, Cs was successfully released from the scalloped grooves of Si
preform by heating at 315 °C for 10 min. In addition, absorption contrast was stable over 700
days, indicating a stable Cs density without the oxidization and leading to long-term stability.
Finally, the frequency stability estimated from the CPT resonance was 5x10!! atan integration

time of 1 sec.
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