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HIE T — BB K RO T (LD) & o T2 B 5% UL A2 B AL AR (Pr3+:LiYF,) &4 Bl
52 360 nm MO IZBOGER TV IB T B e 254, R S5 2R A RS S S T e B R I B R
ACIELR L, SR B-E (F-P) ARl FLALAH A 7 U8 #8564 T B S Y A R0k B, sk T 2807 AR DC e 41
0 A A A A R B X R N 720 nm BRSSO HE AT A% AR . 7E 444 nm LD % 23y 1200 mW Al 469 nm
LD %1 21380 1400 mW i, SRS KA T RN 112 mW 19 1% SE YR 360 nm L AMMOERE i, J6-
SCHE AR N 4.3%. MIHELE R W] M H L K T 60 dB, 4 h ShFR 7R E LT 0.5%, 1 h iR E R

/NF 220 MHz, 0GR RS /N T 0.5%.
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PACS: 42.55.-f, 42.55.Rz, 42.55.Xi, 42.72.B;
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Fig. 1. Principle of the longitudinal mode selection.

SERFEYR 55 B BRI E) 0.06 nm LLT, Wb BRI
B, 248 RBG EBUR240A 13 MABRER, 58
— UGG Te W 45 . 78 Prit:LiYF, SR S50
BE M2 Z [E4di A P 720.7 nm B9 F-P bR ifE
,E-, HATHI RNy 1.4548, KT P I8 5280 70%,
WEAE B30 97%, F-P AR EIEW A 10 A d G
JEf (FSR) M 33.98 GHz, Bl 0.059 nm@720.7 nm,
F-P 5 L (1) B — A JE 0 o 08 3% 3 2800 58
3.99 GHz, HJl 0.007 nm@720.7 nm. 4 F-P f5ifEE
B R AL PR IR, FHAPHPBLT 2
F-P bR g i 0 58, i THFE2E K, AHAR
WRICHEETR, B F-P brifE B R il £ poo
) — AP AE T iR B Y38 7, SEB 720 nm B
ik, 28 LBO f5 49115 2] 45 4h 360 nm H AL

# 1  Pr3tLiYF, fikiE

Table 1.

3 KB
3.1  XUEKHIE Prit:LiYF, B
Prit:LiYF, ftiARAE W60 BLAE A A = A
KB W Wt H e (B % K 43 il ol 444, 469 il
479 nm, I H X w4z 77 ) 9 4 0z O MO 3 B0
K21=23], HASH,—3P ) BREXT R AIEE K 479 nm
r&qﬁzﬁ&aﬁﬂiﬁ K217 x 101 em?, {HIE IR G
TN 0.5 nm. F A H LI BGTE A THhE , fhiz
PE A TR P 2 LAy, HZRTE /R B . *Hy—
3P, BRI X A (B PG 444 nm A3 298 A IR IR
/Ekﬁ (9.0 x 102 cm?) FHLRIIICHEZLTE (1.8 nm),
A WO EOE A s . SH P+ H R iE
XN (B K 469 nm W K B 7T N 6.5 X
1020 em?, ] HTFATBIS iz IR D2, gk 1 fr
G A28 T 'S RS A AR LS T R 1 Y i
ST RUASSCHR P S A R i sk o
iz T, fE Lk 3 Rl v, BarE Wi
FREIAAIER 479 nm 2 SAOEIR, T 444 nm
F1 469 nm J& R ZE 5 AR A% 1 R DR SR O
eI, AN, PritLiYF, AR i W KA A D i
FEIE, X IR 7 1) 2 G W R 5. BT LAFRAT]
BEFH W 32 nfli IR 77 1) L DI 1.4 W Y 444 nm
LD A% K 1.5 W 4 469 nm LD 7F [ 25 [0 4
FREARAE Ithiz 5.

e Bl (e SR (Z3)

Peak absorption cross section of blue light in Pr**:LiYF, crystal (room temperature).

Peak wavelength A /nm

Absorption cross section 05 /10-2 cm?

Polarization ~Corresponding transition Line width/nm

444 9.0
469 6.5
479 21.7

b8 SH;—%Py 1.8
T H—Pi+g 0.9
T SH,—P, 0.5

& 2 & Prit:LiYF, AbAX) 444, 469 f 444 5
469 nm M1 TR ISR AR L 2. AR Pt
LiYF, Xf 444 nm LD WSCcREE:, (T 444 nm
LD UPRET 1.4 WG, i 5e 48 5e, MUsseR
FEAG, HLm Rz ) 7R &I, Pk 444 nm 1
469 nm LD £ HR = D38 dhis IR ) B a2

3.2 SLG¥E

L[S YL 360 nm EAMHOLAR A& 3
AR VIEST B ST, iz B0 — 2R

1.4 W, nfidZ 4 444 nm LD(OSRAM 24 A]) Fl—
FIFE 1.5 W, nfwd&hy 469 nm LD 75 [ 238 &
FOOFHEARAE Dz . W32 LD 4 4 FE R
4.2 mm PYAEEREE S L1 f L2 #EATE R, WS
P LD i i R (M) 430l ok X =
17.016, Y = 3.800 f1 X = 10.784, Y = 1.837. W
YLD EAHRENHRENTH 43 mm x 1.3 mm. &
HBE A M5 B 444 nm 4588 B (T > 99.5%) K

469 nm 45°F IR (R > 99 %), A H8 A M6 4%
469 nm 45°%F KK (R > 99%). filis I 2 51 N
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Fig. 2. Absorption efficiency curves of Pr**:LiYF, crystal
for 444 nm LD and 469 nm LD and their hybrid.

M1 P-F M2 Laserl
Pr3*:LiYFy |: M4
crystal LBO
M3 Laser2
V-resonator

3 A HAYEEL 360 nm HAMEOLAR
Fig. 3. All solid state single longitudinal mode 360 nm UV

laser.

12 mm AIEBRIAESE L3 BAEG, AGE] a b)H
) Pr3t:LiYF, ik |, Pr3vLiYF, Sk 2e vk i
0.5 at.%, R} (3 mm x 3 mm x 5 mm) , #ri%
1.46. 6 A 5 v 17 Ok 38 4k s B ML, BE AT 444 —
469 nm BB (T > 99.5%) K 720, 360 nm %
B (R > 99.8%), J& i 5 v M0 8% A 444 —469,
720 A1 360 nm BEIEE (T > 99.5%). 550 &k N
L& AH DC FEC V1% LBO &k, #A% A 2 mm x
2mm x 5 mm, YIEIMAE = 90.0°, ¢ = 40.7°,
WUTE % 720 A1 360 nm HEFE B (T > 99.6%). M2
g kAR R 8 600 mm, B84 720 nm 5%
B (R > 99.8%) J& 360 nm 34 & B (T > 96%).
M3 4 558 RBG R4T58, B4 720 nm 3175 X
(T > 99.6%), EIRIEE A 720.7 nm, ATHRCE K
F99%, Rt H (3mm x 3 mm x 5 mm). T
RBG E45i 0 PTR # B, 7E 200—450 nm Z [0 47
BRI, B LLAE LBO 5 M3 22 0] 5 & 38 i A
M4, K4 M3 J7 [a] 9 8 AMEOE RS 1 25, 3T
S ASAEEPE R WA . M4 B A EE 720 nm 135
(T > 99.5%) } 360 nm = M (R > 95%). L1 N

i AN P-FhriEE, BEE N 3 mm. LD 5 Pr3t:
LiYF, fiR$g 2 SARENS 28 (TEC) #1745 K
iR, IS aEotas e s 1T.

3.3 FrEREE

A 43 981 it O v K S e
AR AT R L P (PZT) BUAE JOB A8 s K SE LY
T AH F-P AR LA UL AL RBG Pk, A<
WEFE 4 T AR F-P AR ELE R PO K
FICAE F-P bR A B SR RIS o0 I 1 P 2 S 56
Jrik. F-P AnifE R R IE fla Seb R, Bk R BN
5.5 x 107/C, F-P fput R E e m R A b, 8
it TEC Xt 4 )8 R By iRk o2 F-P frifE LR,
SOOI, WA 4(a) BiR. F-P bRifE
LA PR BN 4(b) s, PZT FROR R4
J& R EA N, F-P AsifER—um e fE 48
H b, B —uEE7E PZT b, I8 & b s i
i Al AR PZT HHOR S F-P ARt LA,
MO LK. 28R EK N 20 mm,
i 150 V B ERS, PZT JEERAN 3 um, PZT J&
FERETN 0.02 pm/V .

Metal Metal
fixture fixture
Laser
< P Laser

<
Fabry-perot
etalon

Fabry-perot
etalon

PZT
(b)

TEC (a)
Bl 4 HAEEE (a) F-PIREREIREE; (b) F-P iR
HoAf B2 AR
Fig. 4. Longitudinal mode selection device: (a) Temperature

control device for F-P etalon; (b) control device for F-P

etalon angle.
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)
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KABIHWEA; a, b, d HIEPFCHRE TR,
FH Matlab {840 Pra+:LiYF, F1 LBO Sk o
W12 Bl Ik E R 2 S48 G W IR GBS A R
Ry, 284k, aniE 5(a) A1 5(b) frs. &l 5(a) J&7E
PAERE Ry 300 mm B, #I1EF] Pr3t:LiYF,
R N TR w0, 24 149 pm, LBO fb A Ny o
e wa 210 138 um. & 5(b) JEAR LIRS R, 1E
0—1000 mm 78 Fl MR ERE S5 ¢ A2 ki
W0 < G < 1, BNEHHDEEAEE NIRRT
PR SRR R RS, o] LR R K N IR
AR EIZAT.
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02} |\
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Thermal lens curvature/mm

M5 WIREREEINT  (2) MIERERE R,IR
300 mm B, N PIAS RBEE AR B (b) R R E S
B GREIAERE Ry, 19724k

Fig. 5. Stability analysis of optical resonator: (a) Simulation
ofbeam waist radii inside Pr**:LiYF; and LBO in the
resonant cavity when the thermal focal length is 300 mm;
(b) the variation curve of the stability parameter G of the
resonator with the thermal focal length of the crystal.

6 J& 7E fh R VR EE Ry, 43 911 0 200 mm,
300 mm, 400 mm A I P 25 b SRR X EL . FE
PHEAE RN, PrévLiYF, dhAR N IR AR 1L
R/, LBO fbiR R AR . B itz T
KN, SR PEERR Reh 28/, LBO fhik iy ol
BRI, REARACRAR K, 360 nm JHOCH H D)%

0.155 T T
* Ry, =200 mm
0.150 — Ry, = 300 mm |
Riyn =400 mm
0.145
:
Z o.1401
=
0.135}
0.130}
0.125 L L L . L
0 10 20 30 40 50 60
/mm

K6 @A Ry, 4 %k 200, 300, 400 mm B,
PrivLiYF, #1 LBO & f& A o 2 42 B & LBO f k5
M1 =[] B8 1 A2 Ak 17 L

Fig. 6. The beam waist radii inside Pr3*:LiYF, and LBO of
the resonator vary with the distance between M1 and the
LBO crystal when thermal focal length of the crystal is 200,
300 and 400 mm.

BRI, DA RCR AR A

4.2 EESR

FEAR A IE DR FNE R S5, 434
HUO IR F-P Ao B B A A8 1k it 42 B e
KB PZT MR 22t 2, aniEl 7(a) FE 7(b)
fiir. Bl 7(a) i F-P FRERIEEE A 20 C _EF- 3
70 °C B}, FJF High Finesse 2% @ #Y WST 3 K it
(A HEIETL B A 34 GHz) 15 A0 i K
720.63922 nm £ F] 720.65941 nm, K S w5
O 20.19 pm. MR IERfE R IK R 5L (5.5 x
107/C) 5 F-P bR ELJE B 3 mm 35 i3
3.0000825 mm, JEEEHINN R F Y 82.5 pm, FEOE
HC AR T i K B 7 M 81129 0.165 pm/C.
& 7(b) i PZT HLUEM 0 V IEME] 30 V i, 5256
A5 w0 K A 720.63923 nmfi 4 3] 720.66123
nm, PEREREEN 22 pm; Xt PZT il 0V 1
hn3) 30 Vi, 34 PZT JEEECESN 0.6116 pum,
F-P Frife HAf 38R 29 0.00003058 J&; PZT H
FERE 1V, F-P AR AR 82 0.019 x 1076
B, DA FEAT 0 I ) i 4 B K Ty a1 B 5l 2
0.73 pm/V. JEF DL ¥ 2 Hr ol 0, 9875 F-P AR
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Combined dual-wavelength laser diode beam end-pumped
single longitudinal mode Pr3+:LiYF, 360 nm ultraviolet laser
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Abstract

In recent years, all-solid-state ultraviolet lasers have had widely potential applications in the fields of
spectroscopy, biological analysis, precision manufacturing, optical data storage, high-resolution printing,
medicine and lithography. The good monochrome of all-solid-state ultraviolet laser can improve the accuracy of
spectral absorption measurement when used to detect specific proteins and reduce the laser spot diameter when
used for high density data storage or acousto-optic deflector. In this paper, a combined dual-wavelength laser
diode (LD) beam end-pumped single longitudinal mode Pr3+:LiYF, all-solid-state UV laser at 360 nm is
presented. A V-folded cavity structure is used in the laser, which consists of a reflective volume Bragg grating
(RBG) and a Fabry-Perot (F-P) etalon. The RBG is used as a wavelength selection and resonator reflector to
narrow the width of spectral line. The F-P etalon is hybrid in the cavity, serving as a narrow-band filter, to
achieve the single longitudinal mode. The lithium triborate crystal with critical type-I phase matching at room
temperature is used for implementing the second-harmonic generation of the fundamental 720 nm laser and
obtaining an efficient and compact ultraviolet laser at 360 nm. The optical resonator is simulated and analyzed
by MATLAB software. Two experiments are conducted to compare the accuracy of central wavelength tuning
by changing the temperature of F-P etalon and the angle of F-P etalon. The result shows that the change
temperature of F-P etalon can achieve 0.165 pm/C, showing that it is a better method. The structure of the
laser is simplified and the anti-interference capability is improved in this way. It is different from mode
competition method and the stability of single longitudinal mode laser output is increased. When the output
power of LD at 444 nm is 1200 mW and that of LD at 469 nm is 1400 mW, a single longitudinal mode CW UV
laser at 360 nm with output power as high as 112 mW is achieved. The optical-to-optical conversion efficiency is
4.3%, and the longitudinal linewidth of laser is 30 MHz. The measurements show that the edge suppression
ratio is greater than 60 dB, the stability of root mean square (RMS) of output power in 4 h is better than 0.5%,
the frequency shift in 1h is better than 220 MHz, and amplitude noise is less than 0.5%.

Keywords: Pr**:LiYF, crystal, single longitudinal mode, reflective volume Bragg grating, dual-wavelength
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