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Abstract: With the highest thermal conductivity, low thermal expansion coefficient, high chemical inertness,
and excellent optical properties among known materials, diamond can meet the application requirements of many
extreme conditions in the fields of mechanics, optics, and materials, etc. In recent years, with the improvement of
the chemical vapor deposition preparation technology, the optical quality of synthetic diamond has been rapidly
improved, which leads to the optical grade diamond crystals excellent power improvement, coherence
enhancement, and frequency conversion ability due to their excellent Raman and Brillouin characteristics.
Meanwhile, diamond lasers overcome the thermal effect in the particle number inversion laser based on the

traditional gain media, and the difficulty to consider both the wavelength and power. The research progress of
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high-power diamond laser technology was summarized, and the development trend and application of diamond

lasers were prospected.
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(patent report)>*! diamond!®”)

+ 1955, synthetic diamond based on HPHT!4

{. 1954, first synthetic diamond based on CVD] * 2004, first observation of SRS in CVD

(DRL) in the greenl**34

+ 2008, external cavity diamond Raman laser

« 2020, direct pumped DBLP"!
= 2020, single-frequency DRL in the sodium guide star
band (~589 nm)#!

+ 2020, thermal lens analysis of kW-level DRLI®!

+ 1975, first report on Brillouin » Development stage of the commercial
CVD diamond and its applications

scattering in diamond®”!

< 1960, first generation of laser>
+ 1962, first observation of SRSF7
+ 1964, first observation of SBSF*!

+ 2011, DRL in the deep UV band®?

+ 2011, semiconductor disk laser pumped DRL"
+ 2014, DRL in the mid-infrared band®*!

+ 2014, brightness enhancement based on DRL?

] + 2020, second-order single-frequency ring cavity DRLI®*!
2015, on-chip DRLF®!

+ 2015, monolithic DRL®!

+2017, diamond-based beam combining via raman amplification®”
= 2018, diamond brillouin laser (DBL) based on raman conversion®' |
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Fig.2 Timeline of the major advances of diamond lasers!?’ 2% 3734 35,45, 48-63]
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Fig.3 Atomic structure diagram of diamond crystal
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Fig.4 Transmission range of diamond (un-coated)
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Tab.1 Comparison of laser performance parameters between diamond and other Raman gain materials

Gas Crystal Optical fiber Group-IV materials
(H,. D,. CHy) (WO,. VO4. NO3) (SiO4. GeO. As,S3) Silicon Diamond
Thermal conductivity/W-m K™ 0.2 1 150 2000
Transmission spectrum range/pm Broad <2.5 1-6 >0.23
Raman gain coefficient /em-GW™' 1 0.01-0.1 1-10 10
Raman shift/cm™ 4000 400-1000 400-600 521 1332.3
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Fig.5 Schematic of high-power diamond Raman laser: (a) 114 W second-order diamond Raman laser’?, (b) 1.2 kW diamond Raman laser"*”!
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Fig.7 Schematic diagram of single longitudinal mode diamond Raman laser: (a) 1486 nm second-order single longitudinal mode diamond Raman

laser'”, (b) 7.2 W single longitudinal mode diamond Raman laser*®), (c) 589 nm sodium guide star diamond Raman laser'*”!
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Fig.8 First-order and second-order diamond Raman laser brightness enhancement!***!
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Tab.2 Comparison of laser performance parameters between diamond and other solid Brillouin gain media

Media Transmission spectrum range/um  Brillouin gain coefficient/cmGW™  Brillouin linewidth/MHz  Brillouin shift @1.5 pm/GHz

Fused silica 0.25-3.6 4.52
CaF, 0.13-10 4.11
TeO, 0.33-5 100
As,S; 1-8 74

Silicon >1.2 0.24
Diamond >0.23 79+12
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Fig.12 The external cavity diamond Raman generating Brillouin laser output'’: (a) schematic diagram, (b) frequency shift
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Fig.13 The experimental diagram of the directly pumped diamond Brillouin laser®”
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