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Effect of TSV structure on ring matter wave guide
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Chengdu Sichuan 610200, China)

Abstract: Due to the need for external power supply, the conventional matter wave guide on chip
with the ring structure cannot form a perfectly closed ring. The defects naturally exist in the generated
ring magnetic trap, which hinds the effective manipulation of cold atom. Using Through-Silicon Via(TSV)
technology could insert wires perpendicular to the surface of the atom chip, potentially reducing the
impact of the inserted wires on the ring magnetic trap. Here a ring atomic matter wave guide based on
TSV technology is modeled via finite element method. The magnetic fields produced by the wires with
various loading current are analyzed. The effects of the cross—sectional shape, the depth, and the gap of
the TSV on the magnetic trap produced by the ring wire are systematically studied. Finally, combined
with the simulation results, a ring waveguide atomic chip based on TSV structure that is feasible in
processing technology is designed.
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Fig.1 Schematic diagram of integrated cold atom interference inertial

sensing system using atomic chip Fig.2 Schematic diagram of a ring guide atom chip based on TSV
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Fig.3 Magnetic flux density mode of the magnetic field generated by a single wire, and change of the magnetic flux density mode with distance as
intercepted by the red arrow
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Fig.4 Toroidal magnetic trap on the upper surface of the chip
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Fig.8 Structure of the ring waveguide with a 20 um gap (a); the curve of the magnetic flux density mode vs. the distance along z-direction for the TSV
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Fig.10 Current density distribution at the interface between TSV and upper surface conductor
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Tablel Minimum values of the magnetic flux density modes of the three coils with different TSV structures and their relative positions from the coil surface

parameter rectangular column 3 rectangular columns 3 cylinders
minimum magnetic flux density mode value/T 1.166 48x10° 2.753 42x10°° 2.15596x10°
relative position of the minimum magnetic flux density/um 21.690 04 21.669 46 21.066 39
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