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Visible vector vortex lattices from diode end pumped Pr**:LiYF; solid-state laser
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Optical visible vortex and vector lattice modes, possessing multiple phase and polarization singularities on the
wavefront, have been widely studied in a myriad of fundamental sciences and advanced engineering technologies
[1,2].

External mode conversion devices, such as computer-controlled spatial light modulators (SLMs) or digital
micromirror devices (DMDs) allow the generation of the scalar and vector lattice modes [3], however, these
devices typically require rather expensive and complex experimental setup, and they also have major drawbacks
in the power scalability of the system owing to their low damage threshold and significant diffraction loss.
Transverse mode-locking technique in the laser systems is an alternative to directly generate scalar vortex lattice
modes from the laser cavity [4,5], and it enables the power scaling of the system without any expensive phase
modulation devices. In fact, we have successfully demonstrated visible scalar vortex lattices from a diode-pumped
Pr3*:LiYF, (YLF) laser cavity by employing the transverse mode-locking technigue [5-7].

In this presentation, we herein report, for the first time to the best of our knowledge, the direct generation of vector
vortex lattice modes from an ultra-compact diode end-pumped Pr3*:YLF laser (cavity length ~ 8mm) by the
transverse mode locking of two orthogonally linear polarized Hermite-Gaussian (HG) modes.

The schematic diagram of the laser cavity used in this study is shown in Fig. 1(a). An InGaN laser diode
(NDB7K75) operating at 442 nm wavelength was used as a pump source, and its output was focused to be an
elliptical spot with radii w,,=58 pm and w,,=45 pm in the horizontal and vertical directions, respectively, at the
input facet of c-cut Pr:YLF (0.5 at.% Pr*" ions doping, 5 mm long and 3 x3 mm? aperture) crystal using a plano-
convex lens with a focal length =35 mm. The input facet of Pr:YLF crystal had anti-reflection for 442 nm and
high reflection (R~99.8%) for 640 nm. The output facet has an anti-reflection coating for 442 nm and 640 nm,
thus enabling the 640 nm laser operation. It is worth noting that the laser crystal temperature was maintained at
12 °C. We also used a 150 mm concave output coupler (OC) with 98.7% reflection (1.3% transmission loss) for
640 nm. The off-axis displacement of OC led to the phase-locking of orthogonally linear polarized HG modes
with different eigen frequencies, thus resulting in the production of vector vortex lattice modes [Fig. 1(b)].
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Fig. 1. (a) Laser cavity configuration of Pr:YLF solid-state laser with an off-axis pumping geometry for the generation of vector
vortex lattices. (b) Experimental and simulated vector vortex lattices.
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Fig. 1 (@) Experimental configuration. SM; single-mode, MM; multi-mode, DC; double clad. (b)(c) Time
variation of fundamental mode and higher-order mode power at various signal wavelengths.
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F o THIRGF T OEEB B TE— BN T DL L, T/A—=F v — DR — /LY A XK
% E— AR DK Z X% Normalized beam size & iE#% L C, HA & PA Ol CTHIESFENT TON
BREEN E D X D IZET 203 & BHTREIC K0 EHR LI/ 2 X 2 173, PA X T ORI &
ST HA [ZHAR TR WBEEFTENEOSND Z LB o7 ZHUITFHOREIZ X > THE
YA Fa—TBRELTNDZEICEd. 2RI VELERPITBWTSARHAZIAT5 2
LIk o T HA I — L > XE— REMNCHAR LD RELRERIREZ R LS D Z EBNghoiz

11
Xy ML — xy ML — xy ML— > i
i @y g T )y T © F e, (@)
(0]
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""" §0.8 n.®
o
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Fig.1 Schematic pictures of (a)Hard aperture Kerr-lens mode-locking, (b) Soft aperture Kerr-lens mode-locking and
(c)Phase aperture Kerr-lens mode-locking. (d) Calculated Normalized peak inteinsty (peakintensity with Aperture/Peak
inteinsty WO aperture) of HA and PA as a fnction of normalized beam size (beam size/hole size of aperture).
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Compact Nonlinear Yb:YAG Regenerative Amplifier
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K & 7 BHRAEIR S L — Y — N L7 & DRI B W CREL L AR 2 o E o L —F—13R < FIA
ENTW5G, IMNITHRO BN AT AOEEDT-H21% LD BRI ATFE: Yb RO B 28U & L=
LOBNELRTH D, TOFT YO:YAG (TEWT A v & B8 o m B EECmnwTn g, —F5T
Yb:YAG OHMEHHRIIM D Yo BB & Tk, &b A v Fu—a 7 (GN) 12k B A7 hvsk
ZELT 105 I EOMEIEERTIEI Y = A MV AEES Z S LV, Yb:CALGO, Yb:KYW 25723 X 1) Ky B
IEH 2 FF O, TORMEE LTHERWS A v SIWIHRWEMRER L7225, o2 b id@EmE Ot s %15
DONRFEEL <, WELEES R EETIE Yo:YAG ICFEER B 5, 2010 FEUPEHIZ GN (2 XD AT bUpsE
EERRLUEZRALF—DT = A ML AERDFIEE U CHEIBRANOEBM BN X 5 A AL FHEZ

(SPM) ZFIAT 2 Z L3RR EN=[1], ZOIMERZFIA LIEIRIIHET + 27 [2]°7 7 4 ~—F
WRBIOEE~OBRBITH D03, ST ~OiHIEZL < 72V, B ix Yb:YAG O3V I IR ik % i
A28 7T, YUV H2a s MR AR UcE £ 7 = & NEPREIRC 40 N T AE A B g A 4%
OFAHIERR 2 LT,

N Regen output @100kHz Pulse Energy:
— 30uJ !

12u)

FWHM = 3.0nm

fit_sech?
610 fs x 1.54

Intensity (norm.)
Intensity (norm.)

L Ac=1030.4nm
02 02

1027 1028 1029 1030 1031 1032 1033 -5 -4 -3 -2 - 0 1 2 3 4 5
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Fig. 1. Measured spectra (left) and an autocorrelation (right) of the nonlinear Yb: YAG regenerative amplifier.

— KYEIE 1030nm 1 7 7 A N—F— R v 7 L—H— (HH%IE 10nm [FWHM], FEHEGE 10ps, i LJE
B 10MHz, B HF 10mW) Z A7z, ibiE InGaAs @ 940nm #F LD Z AV, 7 7 A N—FEAIc LY
Yb:YAG #&dh (Yb:0.7at.%, 30mmL, 1.7mmé) DOHE{ANHRE D HIT 572, BHEOT ¥ —7 VL AR T, 300
D7V AT RF —O & ERFIE Inm A0 & 722 0 JEMiRSV ARIE 2ps A L L7222, —F, v— FL—H—
O UVIH O T v 7 F<T N7 4 v E —% W TES L IERROBAIZTF ¥ —7 (GDD ~0.3ps?) %
MF TR TRV A EIEEST 5 & ZOWRFET— Biffi/h L7zmigilE 23 SPM OZhERIZ L 0 HEINZER U 30pd
TRV —ORE, FIRE 3nm F CTEILRE SN, ZhE @R EPTE -5 CEMT 2 2 & TV ATE 610fs
BF BTz, Figl ICHEIESR AT ML EJERESR O B CRBEEEZ R T, SOICZRZALF—E2HOT-WGEE
WEREBED~ VT RAT 28 ) ImI L EICHEIE CE 5 2 L 2B LT D, ZOBTIEHEGNIZLY 2
AU N VEDEE YD . BRSOV ZAEIL sech? D2 UL ATRR 2 RCGE LTZIE 900fs & 7o Tm, T OO B —
Z XU —1F IGW L REOLND, 207 = M SV ARRITEE 2N TRT T L —a vk ar /87 b
VAT LATRBTDHIOOEELAERER LD EHIFF IS,

B3
AT X BB T 22 AR BT BT ST HEE R L JPJ004596 DX %2172 b D TH D,

[1] J. Pouysegur ef al., IEEE J. Sel. Top. Quantum Electron. 21, 212-219 (2015).

[2] M. Ueffing et al., Opt. Lett. 41, 3840-3843 (2016).
[3] W. Liu et al., Opt. Lett. 40, 151-154 (2015).
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High power femtosecond praseodymium-doped fluoride fiber amplifier at 1300nm
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Z A MU v 7 HEiE (OPA) 1T X DR THL

R 1300nm B SV A L—F 2 AR LTV D
OPA % H\\ =% 1300nm @ VA L —
PIXBEICHT IR SN TV B2, KA ST
R CThH 5. = Z TR TIE, OPA IZ K 5K
REEMAZLEL LRV, oBEICL s EE
1300nm Y & 77 24T DU AL~ 7
A NP N2 AT AT AT 72,

2. ERFT

VAT AOEKK % Figl 1IZaT. HLEE
1560nm @ Er N7 7 A /S L —H & &I
7 7 A 73 (HNLF) (& X %2 8l Jes 2 fl R
EL, Ty —7 UL AR CE ML EITS.
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Fig 1. Diagram of the whole laser system
POV AR« JERRC
, WIRICIX T 7 Ay AT

/< CVBG (Chirped Volume

Bragg Grating)

© 2025% ISRYEES

7 A S HIE SR (PDFA) & F 5. RBFFEEE Tl
BN B ORI L DR ATV,
) 120[mW] & 4572, ABFZETIZ T TW
EERBT L0, B HOHEESRZEAL, H
g 5 L VAR EBR 21T o 7.

3. fER

SBEHBEO A v — T 14.7[%)], RK
I IE 1.33[W]E e o7z, R 1300nm #r
DL —FT IW LLEOFEEH J)IE, PDFA Tl
CW L—HTH T FE TITER S AL TR,

FROG hL—ANOHEA LTS T 7% T
(RS OW B REC, XL R 1 367[fs], 77—V
TRRFL SV MR 301[fs] & 57

@

a

o
-
=}

: 10 1.0
>

= @ LB © ‘
E e 5 | 1 E
655 0w & i/ T
5 Rl i S
c @ £057 i 05
5 . 04N @ [ %
[ | T (
5 02E £ l\ b1 (| &
2 s N

635 0.0 n.of—wLMW—z ool M L L5

*2-10 1 2 2-106 1 2 1270 1300 1330
Delay [ps] Time [ps] Wavelength [nm)

Fig 2. (a)SHG-FROG trace

(b)The time dependence of the power (blue line)
and the phase (red dots) .

(c¢)The power spectrum (blue line) and the

spectral phase (red dots) .
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Mamyshev 15 7 /E1E % V72 Mamyshev FEHRER 3K 028 YO ISR R FE X 7 v 27 F » R 7 7
A 73(Yb-PM DCF)Z W THEEE TE 5720, EWIRERBEM 2 A L2 & K725t UL 2 A plins
FEETH D [1]. FFICHCHHLEL SV ZAHEEIZH SV 72 Gain Managed Nonlinear Amplification
(GMNA)% Mamyshev Z R4 ([CHL A G DE D Z & T, KD Yb-PM DCF OFI5% % 7= A sk
g2 FEBHTHZENTED [2. Foxr D7 V—7TliE, GMNA ZFIf L7 Yb-PM DCF Mamyshev
PR DOBRAF A HED TIB Y, ZAVE TIEAH T 1L.OW, 27UV Z1E 31 s, #: 0 3K UJE 1 #~20 MHz,
HOSVADE =7 T =X 15MW 2455 Z I3 LTnD [3]. —HT, 77 A4 L —H—
HRZCB N T, HERNORMEZHIET 2 2 & TRE LI SV AR E TR D 7 A4 ZRSv
A4 (NLP) MBS N D Z &L NG S TWA4]. & 2 TAZETIE, BRMEMIcL D
Hgt Lz Iy ay AT MVEIE VT, Mamyshev FIRSHCBWTEZELTZE— R
[FH L 2 AR NLP MBI S 5 Stk 2 el L7272
W, ZHIZOWTHREZITS. (a)

Fig. 1 [ZRfEE ez Akt Ly 7y =
v FAXRT MO ZRGEH T —7 1y MM &Y. Fig. 1
@IFLE L' — FRMEMECR TS ay hTED
AR MV THY, vay hTEDAXT MUZEFELT
b5, —J5, HREENICEHEE L7Z Yb-PM DCF % Jihitd 4
% LD E£7203 12 REREZHIE L T, ERBHNICT= L
F—NEZONDHEME LiZE EITFig. 1 (OIRT LD
mya vy BT LSRR D AN MV EZ AT D NLP
DB SN, T O E LD 72 SOV T,
AR DOBRICHE 21T 9 .
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Fig. 1. Single-shot spectra of 232 consecutive pulses

(a) stable and (b) NLP.
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