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Fig. 1. Illustration of the light propagation in the multipass
cavity made in this paper, the two cavity mirrors are bond-
ed on a piece of silicon wafer, whose dimension is 0.5 mm x

21 mm x 33 mm.
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Fig. 2. Setup for vacuum-sealing the vapor cell with a multipass cavity: (a) Schematic diagram of the main vacuum chamber,

al and a2 are No. 1 and No. 2 one-dimensional displacement stages, a3 is two-dimensional displacement stage; (b) atom filling part,

bl is the place to put a heater, b2 is nylon insulation layer, b3 is the platform for the glass container, b4 is the home-made atom

source, b5 is the bottom part of the atom source, which is to be broken later in the process; (¢) anodic bonding and packaging part,

cl is blade, ¢2 is ceramic insulation layer, c¢3 is ceramic insulation layer with a heater, c4 is copper, c5 is the same as b3.
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Fig. 3. The light absorption spectrum of Rb atoms near
D1 line using an atomic vapor cell filled with 400 Torr N,
and Rb atoms of natural abundance, the dots are the experi-
mental data, and the line is the fitting result of Eq.(2), the

inset is the picture of the cell.
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Fig. 5. (a) Experiment and fitting results by Eq.(7) and
Eq.(8) of the magnetometer responses; (b) the field sensiti-
vity of the double-resonance magnetometer, where the results
have been corrected using the frequency responses of the

magnetometer.
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SPECIAL TOPIC—Technology of magnetic resonance

Atomic vapor cells with Herriott-cavity sealed under vacuum
and their applications in atomic magnetometry”

XIE Ziping? HAO Chuanpeng?? SHENG Dong "}
1) (Department of Precision Machinery and Precision Instrumentation, Key Laboratory of Precision Scientific Instrumentation of
Anhui Higher Education Institutes, University of Science and Technology of China, Hefei 230027, China)
2) (Institute of Deep Space Sciences, Deep Space Exploration Laboratory, Hefei 230088, China)

( Received 23 February 2025; revised manuscript received 13 April 2025 )

Abstract

This paper focuses on standardized fabrications of atomic vapor cells with multipass cells. For this purpose,
we build a vacuum system that enables the sealing of the multipass-cavity-assisted cell under vacuum. Alkali
atoms are prepared inside a glass holder, and the tip of the holder is broken by controlled collisions under
vacuum. Atoms are then transferred to a cell glass body part by heating. Once enough atoms accumulate inside
the glass part, buffer and quenching gases are filled into the system, and the glass body part is moved to
contact the silicon wafer which is bonded with a Herriott-cavity. Then the cavity part and the glass part are
sealed together using the anodic bonding technique. The resulting vapor cells provide enhanced measurement
sensitivity and improved device standardization, which allows for seamless replacements of each other in
practical applications. The performances of these cells are tested, including a test in a double-resonance alkali-

1/2

metal atomic magnetometer. A magnetic field sensitivity of 95 fT/Hz!/? is achieved in a frequency range from 10

to 20 Hz with a multipass cell filled with 400 Torr
(1 Torr = 1.33x10? Pa) N, and natural Rb atoms at
100 C. The technology and cells developed in this
work are expected to have wide applications in atomic

devices, especially in He magnetometers and nuclear-

spin atomic co-magnetometers, which have special

requirements for cell qualities.

Keywords: Herriott cavity, atomic magnetometer, optical pumping, vacuum sealing
PACS: 07.55.—w0, 7.55.Ge, 32.80.Xx DOI: 10.7498 /aps.74.20250220
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