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Fiber-mounted Electro-optic Probe

for Microwave Electric-field Measurement in Plasma Environment

Hiroyoshi TOGO '

T Research and Development Planning Department, NTT = 3-9-11, Midori-cho, Musashino-shi, Tokyo 180-8585 Japan
E-mail: T togo.hiroyoshi@lab.ntt.co.jp

Abstract The demand for greater precision in electric-field measurements is increasing. To meet this demand, NTT
Microsystem Integration Laboratories has developed an electro-optic (EO) probe that is mounted on the tip of an optical fiber
and has no metal components. This article describes the basic principles and improvements in sensitivity stability and thermal
and magnetic resistance of the EO probe. It also presents the results of microwave electric-field measurements conducted in an
electron cyclotron resonance ion engine installed on an asteroid explorer under the collaboration of NTT and the Japan
Aerospace Exploration Agency.
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1. Background
2. Principle of metal-free electric-field probe
3. Probe system and its basic properties
* Frequency response
*  Sensitivity
* Directivity
4. EMC applications
* Inside ion thruster of ‘Hayabusa’

5. Summary
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Mechanism of Electric-field Detection Ay

* Linearly polarized light is injected into the electro-optic (EO) crystal, which exhibits
Pockels effect.
* When there is no electric field, the light passes through the crystal unchanged.
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Mechanism of Electric-field Detection A

* In the presence of an electric field, the dielectric constant is different on different
axes and the linear polarization is converted to elliptic polarization at the EQ crystal.
* The output of the polarizer depends on the applied electric field.
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Reflection-type Configuration Ay

[
* Reflection detection for measurement in small space.

* Propagation length determines sensitivity and longitudinal spatial resolution.
* Beam diameter determines transverse spatial resolution.
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Metal-free Electric-field Probe System A

* EO crystal (1 mm on a side) mounted on tip of 5-m-long optical fiber
= Spatial resolution: 0.04 mm (Determined by beam diameter in EO crystal)

Light source

Folarization controller
with photodetector
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Frequency Response with ZnTe crystal 5
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Sensitivity and Directivity N
W
Sensitivity Directivity
* Dynamic range: > 90 dB * Polarization discrimination ratio: > 50 dB

* Minimum sensitivity: 60 mv/m/vHz
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Basic properties with ZnTe Crystal

Optimum applications

+  Mear field

B
Specifications
Components Mo metal
Head size 1 mm x 1 mm

Detection direction

Transverse and longitudinal

' * High voltage
+ Detailed measurements

Frequency range

Several tens kHz - THz

In ionization
* Remote sensing

Minimum sensitivity < 60 mv/my/vHz etc.
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lon Engine of Spacecraft ‘HAYABUSA'

* Asteroid explorer "HAYABUSA' to acquire samples from the surface of near-Earth

asteroid 25143 tokawa (1998 5F36) and return them to Earth.

* Inthe next project HAYABUSA-2, we investigated the improvement mechanism of
electrical propulsion for the longer travel to asteroid 1999 JU3 with collaboration.

HAYABUSA (Returned in June 2010)
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Issues in Conventional Metal Probe A

S
* Disturbance to electric field with a metal probe due to scattering and electrical

coupling with grids and waveguide walls inside the ion engine.

* lonization environment changes due to the modification of grids for insertion of
the metal probe with diameter of several millimeter.

Conventional metal probe
(Langmuir probe)

Measurement Setup for Metal-free Probe

+ Reduction of the tube diameter to 3 mm.

+ Ajr flow controller for stabilization within the
temperature of 25 &= 0.5 °C.

Probe configuration
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Measured Electric-field Distribution
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Measured Electric-field Distribution
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Measured Electric-field Distribution -
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Results of Electric-field Measurements
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Conclusions Ay

IS
* Metal-free electric-field sensor is based on the pockels effect with only
dielectric materials.
* Outstanding properties excepting sensitivity.
¥ Frequency response; 20 kHz to 180 GHz
¥ Minimum detectable electric field: < 60 mv/m/VHz
v" Polarization discrimination ration: > 50 dB
* Applicabilities have been reported in some EMC applications.
¥ Plasma measurements.
* In the future work, the sensitivity and stability will be improved with promising
EOQ polymer and by establishing feedback systems.
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