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Fig. 1. Principle of laser interferometry, the change in the
optical path difference between the two arms due to gravit-

ational waves results in the signal output.
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Fig. 2. LISA gravitational wave detection mission!¥: (a) The
three spacecraft form a triangular structure; (b) the three
spacecraft orbit around the Sun.
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Fig. 3. Preliminary concept of the TianQin gravitational
wave detection mission with JO806 as the reference source.
The three “TianQin” spacecraft are denoted as SC1, SC2,
and SC3, and the equatorial plane as well as the direction

towards JOS06 in the sky are also shown[%,
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Fig. 4. Diagram of the inertial sensor sensitive probe struc-
ture in the LISA missionl. The sensing electrodes are
shown in green, and the injection electrodes are shown in
red. They apply a 5.4 V, 100 kHz AC bias to the test mass,
resulting in a 0.61 V AC potential on the test mass. Addi-
tionally, by applying different combinations of DC voltages
to the sensing electrodes, the test mass can be driven to
float freely inside and perform interferometry along the -

axis.
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Fig. 5. Mechanical core of the accelerometer in GRACE
FO, consisting of an 18 g cubic test mass made of ultra-low
expansion material, surrounded by three pairs of similar

electrode plates, each pair controlling two degrees of free-

dom!®],
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Fig. 6. Schematic diagram of charge management, where ul-
traviolet light is guided by optical fiber to irradiate the sur-

face of the test mass/?.
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Fig. 8. (a) Diagram of the device for measuring the current generated by ultraviolet light in a gyroscope; (b) charge control of the

operating gyroscope using 254 nm ultraviolet light, applying bias voltages of 418 V, 18 V, and 0 V[,
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Fig. 9. (a) Shape of the gyroscopeld; (b) ultraviolet charge management light source fixture, which directs ultraviolet light to its

inner surface and the gyroscope®.
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Fig. 11. (a) Energy band diagrams for p-type and n-type
materials; (b) energy band diagram of a pn junction/?".
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Fig. 12. AC charge management experiment?!: (a), (c) Numbers on the left indicate the phase control used for managing negative

and positive charge transfer, the traces with stronger and weaker noise correspond to the driving signals of the UV LED and the

electrodes, respectively; (b), (d) illustrate the direction of charge transfer.
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Fig. 13. (a) Schematic diagram of the torsion balance exper-
imental setup. The setup consists of a suspended rectangu-
lar gold-coated silicon vane, a slightly larger movable gold-
coated copper plate, and a gold-coated aluminum control
electrode. The vane’s torsional displacement is measured
optically using an auto-collimator, and the voltage on the
electrode is controlled via a PID loop to maintain the vane
at a fixed angle. Additionally, the UV LED and electron
gun used for removing and adding electrons to the vane are
indicated in the figure. (b) Schematic diagram of the vane

charging and discharging experiment results2.
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Fig. 14. (a) UV LED operational lifetime test in nitrogen reaching over 19000 hours; (b) UV LED operational lifetime test in vacu-

um reaching over 8000 hours; (c) the center wavelength shift of the UV LED after operating for 10500 hours in nitrogen is within
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Fig. 15. Experimental setup layout for UV LED testing un-
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der proton radiation (top view). A cyclotron accelerates and
outputs a proton beam, with two UV LEDs emitting at
255 nm placed in the path of the proton beam to simulate

spaceflight conditions, and their light output is monitored

in real-timel®.
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Fig. 16. UV LED emission spectra measurements before and

R BE N

after proton irradiation, with a dose of 2 x 10'2 protons/cm?,
the center wavelength is 255 nm, with no shift/33.
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Fig. 17. Data collected of the UV LED before testing, after thermal vacuum cycling, after vibration, and after thermal cycling (post-

testing) are shown™: (a) Current versus voltage; (b) optical power versus current; (c) and spectral changes.
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Fig. 18. Test mass potential measured using a floating
probe under AC charge control. The potential is measured
relative to the system’s ground-fixed enclosure. The incid-
ent UV power is 10 pW. Modulation frequency is 100 Hz.
Duty cycle is 50%, and bias is 3.0 Vpp. The guard mass ca-
pacitance to ground is 17 pFB.
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Fig. 19. Functional block diagram of the LISA charge management system, including two ULUs, one of which serves as a redund-

ancy to ensure effective charge management of the test masses in the GRS. Each ULU consists of power supply, control, and light

output modules, with 12 UV LEDs providing light sources for the two test massesf.
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Fig. 20. Pulse modulation schematic, where the UV LED is synchronized with the 100 kHz injection signal in the GRS, by adjusting

the direction of the 100 kHz electric field. The phase of the ultraviolet light is adjusted to regulate the charge on the test mass/.
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Fig. 21. Charging and discharging rates and measurement accuracy of different charge management systems!'?:2031-33],
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Table 1.  Comparison of mercury lamps and UV LED research content among different teams.
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Fig. 23. (a) Charge management effect with initial voltage of =5 V; (b) charge management effect with initial voltage of +5 V1.
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Fig. 24. LV curves of micro-LED under different temperatures®: (a) The fresh micro-LED; (b) Ta ion irradiation with fluences of
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Table 2.  Comparison of ultraviolet light sources for the charge management system (CMS).
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Abstract

Gravitational waves are a kind of matter wave, which is caused by the violent motion and changes of
matter and energy. Detecting gravitational waves allows people to observe the universe from a new perspective.
In the process of gravitational wave detection, high-energy particles and cosmic rays in space can penetrate the
exterior of the spacecraft and reach the surface of the inertial sensor’s test mass (TM), continuously
accumulating charges. Once the charge on the TM exceeds a certain threshold, the electrostatic forces between
the TM and surrounding conductors generate significant acceleration noise, which will affect the measurement
accuracy of the inertial sensors and, consequently, the success of the gravitational wave detection mission.
Therefore, controlling the charge on the TM surface, known as charge management, is essential. The most
commonly used charge management method is based on the photoelectric effect, using ultraviolet (UV) light to
control the potential between the surface of the TM and the surrounding conductors. In previous charge
management systems (CMSs), UV mercury lamps and UV light-emitting diodes (LEDs) were used as light
sources, achieving varying levels of success. This paper mainly reviews the research progress of UV light sources
in CMS for space gravitational wave detection. Mercury lamps, as the first-generation system light sources, can
fulfill the mission but have some drawbacks such as slow startup, high power consumption and significant
electromagnetic interference. UV LEDs, because of their advantages in size and weight, have gradually become
the current light source for CMS. In recent years, with the development of UV micro-LED technology, UV
micro-LEDs have achieved higher external quantum efficiency and lower power consumption, demonstrating
their potential applications in CMS, and becoming a promising UV light source for future charge management

systems.

Keywords: charge management, ultraviolet, LED, micro-LED
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