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Fabrication and packaging of the vacuum magnetic field sensor
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Abstract

This work reports the tunneling effects of the lateral field emitters. Tunneling effect is applicable to the
VMFS(vacuum magnetic field sensors). VMFS uses the fact that the trajectory of the emitted electrons are curved by
the magnetic field due to Lorentz force. Polysilicon was used as field emitters and anode materials. Thickness of the
emitter and the anode were 2 ym, respectively. PSG(phospho-silicate-glass) was used as a sacrificial layer and it was
etched by HF at a releasing step. Cantilevers were doped with POCI;(10° cm™). 2m-thick cantilevers were
fabricated onto PSG(2un-thick). Sublimation drying method was used at releasing step to avoid stiction. Then, device
was vacuumn sealed. Device was fixed to a sodalime-glass #1 with silver paste and it was wire bonded. Glass #1 has
a predefined hole and a sputtered silicon-film at backside. The front-side of the device was sealed with
sodalime-glass #2 using the glass frit. After getter insertion via the hole, backside of the glass #1 was bonded
electrostatically with the sodalime-glass #3 at 10° torr, After sealing, getter was activated. Sealing was successful to
operate the tunneling device. The packaged VMFS showed very small reduced emission current compared with the
chamber test prior to sealing. The emission currents were changed when the magnetic field was induced. The
sensitivity of the device was about 3 %/T at about 1 Tesla magnetic field.
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Table 1. Comparison of the magnetic field sensors

A9 Az g 717

(10 Gauss = 1 Tesla)

) Detectable field (gauss)
Magnetic sensor technology 10 i R 2 4
10 10° 10 ° 10 10°
1. Search-coil magnetometer : :
2. Flux-gate magnetometer
3. Optically pumped magnetometer
4.  Neclear-precession magnetometer
5. SQUID magnetometer —
6. Hall-effect sensor
7. Magneforesistive magnetometer
8. Magnetodiode —
9. Magnefotransistor
10. Fiber-optic magnetometer
11. Magneto-optical sensor
E 2. XtE MM 2 "o wE EF
Table 2. Categorization of magnetic field sensor applications
10° G 10° G
High sensitivity Medium sensitivity Low sensitivity
Definition Definition Definition

* Measuring fields stronger

* Measuring field gradients or
differences due to induced{in
Farth’s field) permanent
dipole moments

Major applications
- Brain function mapping
- Magnetic anormaly detection

Most common sensors

- SQUID gradiometer

- Optically pumped
magnetometer

Major applications

Most common sensors

« Measuring perturbations in
the magnitudes and/or
direction of Earth's field due
to induced or permanent
dipoles

than Earth’s magnetic field

Major applications

- Non-contact switching

- Current measurement

« Magnetic memory readout

- Magnetic compass
- Munitions fuzing
» Mineral prospecting

Most common sensors
» Search—coil magnetometer
- Hall-effect sensor

- Search—coil magnetometer
- Flux-gate magnetometer
- Magnetoresistive magnetometer
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