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Abstract Mid-infrared (3-5 pm) is in the range of atmospheric transmission window, which has broad application
prospects. So far, the main way to obtain the mid-infrared radiation by solid-state lasers is based on the optical
parameter oscillator (OPO) technology. The design principle and structures of new type mid-infrared lasers,
especially directly pumping of mid-infrared lasers are not so complicated compared with OPO. With the
development of crystal material and relevant pump sources, the directly pumping of mid-infrared lasers develops
rapidly. Directly pumping of mid-infrared lasers, their key techniques and recent research advances, represented by
Fe:ZnSe laser, Ho:BYF laser and Dy: PGS laser, are summarized. The key and difficult points are analyzed at last.
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Table 1 Research status of Fe:ZnSe lasers abroad

Research unit (year) Author Pump source Temperature Wavelength Output Efficiency /%
Lawrence Livermore Ert YAG 12 ] (pulsed)
urt 1, pulsed) »
National Laboratory Adams!'® 5-180 K 3980-4540 nm !
(1999) at 2.7 pm 48 ps, 100 Hz
University of .
) ” Er: YAG ) B 370 pJ (pulsed) ,
Alabama Akimov!?" RT 3950-5050 nm
(2006) at 2.94 pm 60 Hz, 100 ns
A M Prokhorov General Er: YAG 0.58 m] (pulsed)
. .58 mJ (pulsed),
Physics Institute of  Doroshenko'® at 2.94 pm, RT 4300-4600 nm LT 7
z
RAS (2010) 160-300 ns
Czech Technical Er: YAG 6 m] (pulsed)
o m] (pulsed) ,
University Kozlovsky™* at 2.94 pm, RT 4100 nm e 20
z
(2010) 300 ns
University of Er: Cr: YSGG 5.6 mJ (pulsed)
.6 m]J (pulsed) ,
Alabama Myoung!?" at 2.8 pm, RT 4370 nm 67 H 16
. z
(201D 20 ns
A M Prokhorov Er: YAG 1.3 mJ (pulsed)
, .3 mJ (pulsed).
General Physics Doroshenko**! at 2.94 pm RT 4-5 pm 1502 L H 9
50-200 ns, Z
Institute of RAS (2011) (Q-switched)
PG Er: YAG 0.42]
rd .
photonics Fedorov'?” 77 K 4140 nm 32
R (2013) at 2.94 pm, 250 ps (pulsed)
“orp.
Air Force Research Ert YAC g1 -
. re x 0 m
Laboratory Evanst®” 77 K 4100 nm 28
(2012) at 2.94 pm (coherent)
PN Lebedev Er: YAG 2.1 ] (pulsed)
Tt ¥ . ulsed) »
Physical Frolovt! 204 85 K 4100 nm 0.3 (};_ 26
at Z. m 00,0 ps
Institute (2013) : .
PG Cr:ZnS 1.5 W
T lnde .0
photonics Fedorovt! 77T K 4140 nm 27
c (2012) at 2.7 pm (coherent)
orp.
Russian Federal HE 50 mJ (pulsed)
at m] (pulsed) .,
Nuclear Center Velikanovt RT 4600-4700 nm ! 3
(2014 2.6-3.1 pm 125 ns
A M Prokhorov General HF at 192 m] Cpulsed)
m] (pulsed) ,
Physics Institute of Firsov'*! 2.6-3.1 pm, RT — 9 29
ns
RAS (2014) 130 ns
Alir Force Er: YAG 515 mW (Q itched)
R rs T o m -switched)
Research Laboratory Evanst" 77 K 4045 nm 22
(2014) 2936 nm 64 ns, 850 kHz
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0.35 pulsed) ,
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Russian Federal HE 127
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Table 2 Basic parameters of Fe:ZnSe lasers radiation

Mid-infrared Emission Pumping Emission cross Upper level Lower level
energy level wavelength /pm wavelength /pm section /cm’ lifetime /ms lifetime /ms
SHy-"H 50 4.3-4.7 1.3/1.7 1X10°% 2 6
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Table 3 Progress status ofDy: PGSlasers aroad

Year Author Pump source Power /Energy Efficiency
2005 Basiev-"] Nd: YAG at 1.32 pm 300 pJ 1%

) Er: YAP at 1.66 pm 57 pl 0.15%
2009 Doroshenko*®’

Nd: YAG at 1.32 pm 42 u] 0.08%

2010 SulcH Nd: YAG at 1.32 pm 1.8 m] 4%
2010 Basievt Nd: YAG at 1.32 pm 7.5 m] 2%
2011 Jelinkova ™! Er: YLF at 1.73 pm 3.1 m] 8%
2011 Jelinkova™ Er: YLF at 1.73 pm 7 m] 8%
2011 Sulct®! Er: YAG at 2.94 pm 18.4 mW 3.8%
2013 Jelinkova™™*! LD at 1.7 pm 67 mW 9.3%
2016 Jelinl«m“f’1 Nd: YAG at 1.32 pm 35 mW 3%
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Fig. 14 Eefficiency of Dy: PGS pumped by two different wavelengths
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