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#1 AI&RIAAMK HTHP 35F1 MPCVD ExfEE
Table 1 Comparison of HTHP and MPCVD methods for synthetic diamond synthesis
Parameters Maximum crystal size/mm Typical defect density/cm Mass production cost/(kW-h-ct™)

HTHP <10B6-571 102-107681 283615

MPCVD Homoepitaxy: >1066-7] Homoepitaxy: 102-10°8] 77-14361

Heteroepitaxy: >90¢-7] Heteroepitaxy: 103-10°581
ct is carat.
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Fig. 2 Optical transmission range of diamond!®¢]
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Table 2 Comparison of characteristic parameters of common Raman materials with diamond

Raman material

Thermal conductivity/(W-m™'-K-!) Transmission spectrum range/pm

Raman gain coefficient/ X .
Raman shift/cm™

(cm-GW)
Gas 0.20 Broad 1.00 4000.00
(Hz,D2,CHy)
Crystal 5.00-10.00 0.30-5.00 1.00-10.00 400.00-1000.00
(WO4,VO4,NO3)
Optical fiber 1.00 <2.50 0.01-0.10 400.00-600.00
(Si04,Ge0,As;S3)
Group-IV Silicon 150.00 1.00-6.00 1.00-10.00 521.00
materials Diamond 2000.00 >0.23 10.00 1332.30
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Table 3 Comparison of parameters of commonly used solid Brillouin gain materials with diamond

Brillouin linewidth/MHz  Brillouin shift @1.5 um/GHz

Media Transmission spectrum range/pm Brillouin gain coefficient/(cm"GW™")
Fused silica 0.25-3.60 4.52
CaF, 0.13-10.00 4.11
TeO, 0.33-5.00 100.00
AsyS3 1.00-8.00 74.00
Silicon >1.20 0.24
Diamond >0.23 79.00+12.00

16.00 11.00
45.60 37.10
8.60+2.40 11.40+2.20
19.00 7.70
320.00 40.00

11.90+4.30 56.00
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Fig. 4 (a) Atomic structure of an NV color center (The vacancy is represented by a small yellow ball, while the adjacent C and N

atoms are represented by gray and blue balls, respectively); (b) Electronic structure of an NV~ color center: the A2 ground

state and the 3E excited statel’®]; (c) Energy level structure of NV~ color center at room temperature!®J; (d) Fluorescence

spectrum of NV color center!®?]
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Fig. 5 (a) Self-powered deep ultraviolet light immersion diamond photodetector with the photoelectrochemical cell structure38); (b)
Ultrahigh sensitivity solar-blind UV diamond photodetector and atomic force microscopy images of its annulus structure on

diamond!®!
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Table 4 Comparative analysis of detection performance
characteristics between diamond and silicon

. Dark current Radiation
Parameters Response time/ps

density/nA  hardness/(protons-cm™2)
Diamond 100;200[101402] <1[1037104] >1015[105]
Silicon 1000[101 102] >100[103 104] <1013[105]
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Extended Abstract

The advancement in optical and electronic technologies plays a pivotal role in industrial production and scientific research,
significantly driving the development of productivity, societal progress, and the improvement of human-being life. Diamond with its
ultra-wide bandgap structure exhibits exceptional optoelectronic properties, such as high breakdown field, high carrier mobility, and
intense radiation resistance, making it a promising material for high-power, high-efficiency, high-frequency, and harsh-environment
optoelectronic devices. The development and application of synthetic and doping technologies are closely intertwined with its
practical utilization.

The existing progress is achieved in the application of lasers, radiant detectors, and electronic devices. In the field of high-power
Raman and Brillouin lasers, conventional Raman gain media (i.e., gases, crystals, and fibers) offer broad spectral transmission ranges,
but suffer from a low thermal conductivity, leading to heat dissipate challenges under high-power operation and causing the
degradation of beam quality. In contrast, diamond possesses the maximum thermal conductivity among crystalline materials, along
with the largest Raman frequency shift, exceptionally high Raman gain coefficient, and remarkable Brillouin gain and frequency shift.
These properties position diamond as an ideal candidate for high-power Brillouin and Raman lasers, enabling the maintenance of high
beam quality under intense operating conditions, thereby representing a critical direction for advancing high-power laser technology.
In radiation detection, conventional silicon detectors are incapable of withstanding high-intensity irradiation. In extreme environments,
detection materials must exhibit superior radiation resistance, higher detection sensitivity, and broader detection ranges. Diamond,
characterized by its ultra-wide bandgap, high carrier mobility, exceptional stability, and low dielectric constant, emerges as an ideal
material. Diamond-based detectors can operate under harsh conditions such as high radiation intensity, high injection rates, and
elevated temperatures, serving as key components in detection systems and providing novel solutions for extreme-environment
applications. In the electronics sector, the exploration of post-Moore-era semiconductors becomes a research hotspot. Diamond, with
its ultra-wide bandgap, high carrier saturation velocity, superior thermal conductivity, high carrier mobility, and high breakdown field
strength, demonstrates a promising potential in electronic devices. Research on diamond-based diodes and transistors becomes
popular.

As an emerging optoelectronic material, a comprehensive review of optoelectronic properties and applications of diamond holds
a significant importance for its further development. This review briefly introduces diamond and its synthesis methods, discusses the
critical role of synthetic technologies in optoelectronic applications, elaborates on the optoelectronic properties of diamond, with an
overview of doping and color center, summarizes recent advances on ultra-wide bandgap diamond for radiation detect, high-power
lasers, and electronic devices, and finally provides an outlook on the diamond-based optoelectronic applications.

Summary and prospects Diamond is a novel optoelectronic material with a tremendous application potential, injecting new vitality
and opportunities into the development of optoelectronic technology. In laser technology, diamond exhibits excellent gain parameters,
stability, and thermal properties, offering outstanding advantages in high-power laser applications. The existing applications in
high-power Raman and Brillouin lasers yield remarkable results. Doped diamond serves as a probe material with superior
performance parameters and high irradiation resistance, enabling stable high-precision detection and extending detector lifespans in
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harsh environments. In the UV and deep UV wavelength bands, diamond outperforms predecessor materials (e.g. silicon) in terms of
stability and durability.

Diamond has attracted recent attention in the semiconductor field during the post-Moore era, demonstrating an exceptional
application potential in electronic devices. Research on diamond Schottky barrier diode (SBD) and diamond p-n junction diode
becomes popular, with a significant progress achieved in breakdown voltage, switching time, on-resistance, and other performance
parameters.

Therefore, the following outlooks are described for the utilization of optoelectronic properties of diamond. 1) The material
quality is crucial for its optoelectronic applications. However, the synthesis technology for high-quality, low-defect diamond remains
immature. Future research must focus on reducing the synthesis costs of optical-grade and electronic-grade diamond with an enhanced
growth rate. 2) Despite diamond possesses excellent thermal properties, thermal lensing effects still occur during high-power laser
operation. The in-depth studies of heat sources and heat distribution within crystals are necessary to achieve higher power and
conversion efficiency in diamond lasers. 3) Elemental doping is a critical challenge for diamond-based devices, especially difficult for
n-type doping. Future research should conduct further mechanistic and experimental studies on n-type doping of diamond. 4) Most
diamond electronic devices are still in the research stage, with considerable progress needed before large-scale, practical applications
can be realized, urgently requiring more extensive theoretical and experimental efforts.

Keywords diamond; optoelectronic properties; doping; detectors; lasers; electronic devices



