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We report an effective Cs vapor cell fabrication at the wafer-level utilizing a novel
Cs-source that is applicable to MEMS-based atomic clocks. In this method, a microfabricated
Si grooves with multiple re-entrant structures (i.e., “micro-size” scalloped patterns) is
employed as a preform, and CsN3 precursor is deposited on the surface. This method
enables in-situ thermal decomposition of CsN; with high efficiency at the wafer-level. The
fabricated Cs-filled cells via a combination of the Cs-source and low-temperature bonding
process achieved the good atomic clock frequency stability. Furthermore, we present
miniaturized Cs-dispenser embedded in vapor cell, which may enable development of Chip-
scale atomic clocks.
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Sample cavity Channels (w =30 pm, d = 500 ym, N = 5)

CPT cavity
(®=6mm)

ge™®

Figure 1 Schematic illustration of the vapor cell utilized for validation of the present fabrication method.

Top view Inside view

Figure 2 Schematic illustration of the microfabricated Si re-entrant structures for Cs-source.

_d géde

Anisotropic Passivation Isotropic Passivation
etching removal at etching removal at
(DRIE) the bottom + Protection the bottom

Repeat for the multiple LARGE re-entrant structure

Figure 3 Schematic illustration of the process sequence for multiple re-entrant structure utilizing Si dry-
etching.

Figure 4 SEM images of the cross-section view of the Si preform with multiple re-entrant structure: (a)
before the CsN deposition and (b) after the deposition, respectively.
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(1) Cr patterning for DRIE

(2) Single-step DRIE for
two cavities and channels
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=» (4) 2nd anodic bonding at 250 °C
with surface activation (O,+N,)

Vacuum (10 Pa)
Glass (t= 0.3 mm)

(5) Activation at 315 °C by hotplate

(3) 1st anodic bonding
] b
LB S5

Figure 5 Wafer-level fabrication of the Cs-filled cells utilizing the sequential plasma activated bonding.
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Figure 6 Photo of the fabricated cells at the wafer-level before/after the dispenser activation.
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Figure 7 CPT resonance obtained from the cell.

Figure 8 Close-up view of the fabricated small call.
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