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Abstract: Visible lasers are used extensively in laser color display, laser medical treatment, quantum information,
optical communication, and other applications. Trivalent Pr-ion (Pr’") has attracted much attention because of its
rich transitions in the visible band. Especially in recent years, the emergence of commercial pump sources such as
laser diode (LD) and optically pumped semiconductor laser (OPSL) has made great progress in the research of Pr**
doped solid-state lasers. According to the three output types of Pr** doped solid-state lasers: continuous-wave
output, pulse output and single longitudinal mode output, this paper introduces the typical work of each output type
in a specific band. The research history and current status of Pr’* doped solid-state lasers are summarized with
time as the main line, and the future prospects of Pr’* doped solid-state lasers are projected.
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Fig. 1 Energy level structure of Pr

3+[11]

210364-2


https://doi.org/10.12086/oee.2022.210364

BRI, 2. G TR, 2022, 49(4): 210364

https://doi.org/10.12086/0ee.2022.210364

nm, 662.4 nm, 719.5 nm, 743.7 nm, 7469 nm,
753.7 nm), HHTEP KR 746.9 nm Ab 152 (1) 25 R i
U, KEPICER 24.6%, T HREHTIRN 49.6 mW,
WOCGEIE R 25 mW .,

2004 FFZ ARG, S FROGHE IS P AR
s —FheE IR AEIIR , (R B T HOGR AR BIROR |
WA, HBEOBEIRR RS P i i i i T
B zs, SEAFHOCH RS ORI
P OGRS, BOC T (LD) B ES5H 58 .
PrAgGHE. FTRTHAEREAL, BRIz 8 AT R
2004 4F, IR K2 Richter 25 AP B s T 8 ]
O 442 nm . FRKH TN 25 mW Y GaN i
J6 LD A3 Pr:YLF ffA, SE T 639.7 nm £1GH0OG
W, HICEE RO R HE 1.8 mW, BRT
LD Z SN, G AR BOG S (OPSL) A &
BERTRA . TR PR TR . RNy
R, A E — R AR G Y S B B B e Y B R
2005 4, Richter 45 A" F H H 0 K 479.5 nm
() OPSL ZZi#§ Pr:YLF fhfAk, 7EMICZE DI h 1.4
W Y ZAE T 3645 T s P13 600 mW £ (523
nm) FZLE (640 nm. 720 nm), Lh& 350 mW 9486
(607 nm) it 5 53 SMIBATTR F LBO %545 i A4 X% 640
nm WOGIEAT IS IR, RS T DR R A 360
mW 95540 (320 nm ) Ok, JLICm B Nk 2
fiR. [AAE, EEAAT /A H Ostroumov %5 A" i
HFUDIERA 479 nm ., 5.3 W KT OPSL 2 Pr:YLF
maiR, A TR 522 nm, HHIHER N 25 WY
g, ZJEAMATA I OPSL ZE47 XU 2 i, 18
9.6 W IR DR F 3-8 T it 4 Wiy
522 nm 0",

Ffig Afi1%} Pr:YLF . Pr:YAP. Pr:LiLuF,. Pr:LaF,

LBO

Pr: YLF ,jlﬂ C A —

AN POR R E IR AR ST, BOGHT TRk
N /R S 1By = N I R 7 T NGB T T 953
KT, 2008~2014 4F[a], il FE AR A2 A KA
WG BOE . LI BEIRF s BN 2 .
2010 4%, Hansen %5 A" L & Weichmann %5 A ™ {ii
FH#E LD %23 Pr:YLF gk, 2513548 T 358 mW
A 378 mW [ 523 nm £R¢HiH . 2011 4F, Giin A
FHPA LK 4439 nm, B KRR
1 W () InGaN LD HI#BAHKIE N 0.5 at.% . K 2.9 mm
) Pr:YLF dfA, SC 17K H 639.5 nm. 607.2 nm,
545.9 nm F1 522.6 nm MY A] WOGIOE, B 1R 4 5
J3938 mW, 418 mW ., 384 mW Fll 773 mW, XEH
WARIE R LD FE 28 0677 4E 545.9 nm KOG
SESS . BERE OGS TR AIISY, — LK A
A AT, 2014 4F, Metz 25 N bk K
479 nm., IHE K 5 W ) OPSL i Pr:YLF fhik,
AL T W R 1 W Y 523 nm, 546 nm. 604
nm. 607 nm., 698 nm. 720 nm -SRI EOG,
Hrr 523 nm &b B i D ARSI 29 W, RERCE R
2%, FE-HEFA 67% FXTTF AHFEH ).

2015 4F, H A Keio K2#HY Tijima % A" R Z
Y8, FHPUA InGaN ¥ LD ZE i 1~ Pr:YLF
FRIRTE T 607 nm Al 640 nm AYEOEHH, DR
5 1.5 W T 2.9 W, 2018 4F, Tanaka % A" X
BT 5 W RYHEDE LD /E A A TR 12 mm
K. B4WE R 0.3 at.% 1 Pr:YLF ffk, ## 607 nm
1 640 nm A Y EOGHR DR A IR =] T 3.7 WA
6.7 W, JF HAEWMWCEI YIRS 5.4 W B 23 T fe
IR R 1.8 W AY 523 nm £85%.

B TR ER RS . SRS . HAR Keio
REEWFAL, Sk A BN E TR g2 A

M1 L

/\Zw

M3

B2 BABRAEZHFER,
OPS: AZ#HF TR, M1: #MAFBE % (R=50 mm); M2: # &4 (R=100 mm); M3: 4% (R=50 mm)

Fig. 2 Schematic diagram of intracavity frequency doubling experiment setup

[28]

OPS: optically pumped semiconductor; M1: input mirror (R=50 mm); M2: folding mirror (R=100 mm); M3: end mirror (R=50 mm)
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Fig. 3 Schematic diagram of experimental setup™.

(a) 4.88 W high power high-efficiency orange laser, the cavity length is 51 mm, M1 and M2 are flat-concave mirrors with curvature radius of
50 mm; (b) 3.80 W high power orange laser with improved beam quality, the cavity is a 72 mm flat concave cavity,
M3 is a flat concave mirror with curvature radius of 100 mm, and M4 is a flat mirror with tunable transmission
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Fig. 4 Research status of several typical Pr:YLF continuous-wave visible lasers.

The label for each marker corresponds to the output wavelength and the type of pump source used in the pumped Pr:YLF crystal
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Fig. 5 Schematic diagram of the experiment of diode-pumped Pr:YLF with switchable wavelength near 670 nm®”
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Fig. 6 Schematic diagram of diode-pumped Q-switched Pr:YLF visible laser using Bi,Se, as SA".

IM: input mirror, OC: output coupler
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Fig. 7 Schematic diagram of Pr:YLF double pulse laser experiment setup
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Overview of research and development of
Pr’* doped solid-state lasers

Cao Weihang”, Li Zhuang”, Shi Chengkunl, Lin ]iazhenl, Lin Xiujil,
Xu Guozhen®, Xu Huiyingl, Cai Zhipingl*
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Research status of several typical Pr:YLF continuous-wave visible lasers.

Overview: Visible lasers are used extensively in laser color dlsplay, laser medical treatment, quantum information,
optical communication, and other applications. Trivalent Pr-ion (Pr') has attracted much attention due to its rich
transitions in the visible band. As early as the 1960s, praseodymium-doped (Pr’") crystals were investigated as gain
mediums for laser production. Compared with the way of obtaining visible laser by optical nonlinear processes such as
frequency doubling and mixing, the way of directly down converting the laser energy level by using Pr’ doped crystal to
obtain visible laser avoids the use of the nonlinear optical crystal, which makes the laser have high conversion efficiency,
compact structure, good quality of laser beam, and no requirement of strict temperature control. Especially in recent
years, the emergence of commercial pump sources such as laser diode (LD) and optically pumped semiconductor laser
(OPSL) has made great progress in the research of Pr’* doped solid-state lasers. In this paper, Pr’* solid-state lasers are
divided into three types: continuous-wave output type, pulse output type and single longitudinal mode output type.
Among them, the continuous-wave laser is typical in green, orange and red laser bands. The laser output power can
exceed the watt level. The maximum output power at 522 nm green laser is more than 4 W, and the maximum power at
607 nm orange laser is 4.88 W. The maximum power at 639 nm red laser is up to 8.14 W. For pulse laser, the laser
output with a pulse width of tens to hundreds of nanoseconds can be obtained in Q-switching, and the pulse width in
mode-locking is narrower. The mode-locked pulse widths of 8 ps, 400 fs and 1.1 ps are obtained at red 639 nm, orange
613 nm and 604 nm respectively. The mode-locked pulse widths of other visible optical bands have been reported to
range from more than ten picoseconds to hundreds of p1cosec0nds In the aspect of single longitudinal mode, the
research work of realizing single-frequency laser output by using Pr’* doped crystal mainly focuses on 360 nm UV, 604
nm, 607 nm orange laser and 639 nm, 640 nm red laser At the same time, taking time as the mainline, this paper
summarizes the research history and current status of Pr’* doped solid-state lasers, and looks forward to the future of
Pr’* doped solid-state lasers.

Cao W H, Li Z, Shi C K, et al. Overview of research and development of Pr* doped solid-state lasers[J]. Opto-Electron
Eng, 2022, 49(4): 210364; DOI: 10.12086/0ee.2022.210364

Foundation item: National Natural Science Foundation of China (61975168)

'Department of Electronic Engineering, School of Electronic Science and Engineering, Xiamen University, Xiamen, Fujian 361005, China;
*College of Physics and Information Engineering, Fuzhou University, Fuzhou, Fujian 350108, China

* E-mail: zpcai@xmu.edu.cn

1These authors contributed equally to this work.

210364-14


https://doi.org/10.12086/oee.2022.210364
https://doi.org/10.12086/oee.2022.210364
mailto:zpcai@xmu.edu.cn
https://doi.org/10.12086/oee.2022.210364

	1 引　言
	2 连续型激光器研究
	3 脉冲型激光器研究
	3.1 调Q脉冲激光器
	3.2 锁模脉冲激光器

	4 单纵模激光器研究
	5 结　论

