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Abstract Large core diameter crystal waveguides can absorb higher power pump light and achieve higher output
power. At the same time, the peak power density in the core layer is relatively low during mode-locking operation,
and the accumulation of nonlinear effects is reduced. Based on this, a passively mode-locked picosecond laser based
on Yb: YAG large core diameter crystal square waveguide is constructed. In the experiment, firstly, the high mirror
is used instead of the semiconductor saturable absorption mirror (SESAM), and the position and angle of the crystal
waveguide are adjusted to match the pump light with the waveguide core layer under higher pump power. Then, the
angle of the spherical mirror is carefully adjusted to couple the signal light into the waveguide core layer to minimize

the loss in the cavity. The designed laser adopts a folded cavity structure, and achieves an average power of
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10.2 W, pulse width of 65 ps, repetition rate of 30.15 MHz, and single pulse energy of 0.34 pJ without dispersion

compensation device.
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Fig. 2 Schematic of cavity design. (a) Experimental diagram; (b) distribution curve of light spot in cavity
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Fig. 3 Experimental device of crystal waveguide mode-locked laser with large core diameter
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Fig. 4 Experimental results of crystal waveguide mode-locked laser. (a) Relationship between output power and absorbed

pump power in continuous and mode-locked operation; (b) Q-switched mode-locked pulse sequence; (c) continuous

mode-locked pulse sequence at 1200 ns; (d) continuous mode-locked pulse sequence at 120 ns

1014004-4



MR

FE 4235 F10H/2022 £ 5 B/RFER

o 27,400 AH T BEIs FEALFEAR 4. 4 D
Sk TR 9 SESAM B A B 14 A 1 A4
FE 24k R R It , AT 3] SESAM |19 ik i 2
LRI R 37 A% AR T SESAM B #5405 1 L ik
A WL B LA IR 4

i AT 43 BT A4S i A A K o 1 S A0 i L &
FANE 5C) FrR . M 5Ca) il L 3], S8 bk e i)
FEAEMR A 30. 15 MHz. ££ 30 kHz 43 ¥ A5 56
(RBW) T{EM:LLIAF] 49, 7 dB, 6 90O 88 4 B
A E TR TGS R G S A T B2 MBIBOIRAS .
SR G5 (S 5t A ik o 1 0 L 3% 8 VBT T )
B vpE 1S W 5 (b) iR . WL 5(b) AT LA 31, 7
e R TR DR G K A AT 1032 nm,
FiBRE AA DR 0. 11 nm., fif A [ AE SC A GBI ik e
SR EE I FL A DGR 26 L 25 R B 5 (o) . RIS
14 Jik b Ay v 307 D D) B JOk b BE B R 65 ps. BEAE

(@ -10
RBW: 30 kHz
20+ —

| |
=
(=]

49.7 dB

power /dBm
&
S

Radio frequency
I
(2]
S

=70 Pl h‘"ru;'“‘lv‘w'“r‘!wr L"

80010 20 30 40 50 60 70
Frequency /MHz
© 1.0f —autocorrelation|
. tracking result
» 08 - -Gaussian fitting]
g
; 0.6}
3
= 04}
2
1]
é 02}
=
]
-150 =100 -50 0O 50 100 150
Delay /ps

ik o B R 55 R Ry 2. 021, 6 B Bl A 45 % 1 R) £
FEAR R A WA Ok, 5t PR AR S KBRSl 77 mm,
kb AE RS AR B T K B (AR B T AL
H I PN R B AR 1 ORI SESAM (1 7T 4
R XA 5 6 A7 I, T D 4t ok o 1 Jik
S AR X T . A 0 03 X e i T R R o6
A A, i oG 2 R AR BE £ =150 mm
18 T 3 B R AT 3R AR I A T IS R B A Y
JeBE R S I i f7 LA, g5 R B 5D Fras, M
K 5(DATLIFE 3, E R B & I M* A6 = il
112,78 vy J7mh 1. 05, Al 4 T 30 45 S b 0 3%
RO e BE I N BIE . 9 S rh il 2 MRS 2
G R 6 7 [ P 2 o N i < 2 A R S
4 5 HCFA By T s A L O A 1 A 1) R A 3K
R BRSO RO A — 3K

—— measuring
result

— — Gaussian
fitting

A=1032 nm
AA=0.11 nm

Intensity /arb. uni
(=)
=

o
o
T

1032.2

=]

1031.8 1032.0

Wavelength /nm
25
@ = x direction
£2.0 » y direction
&
5 1.5¢
g
=1.0f
g
g
M 0.5F
ot
30 80 130 180 230 280
Position /mm

Bl 5 BB BOLH KTS8O FIE ; (b Ei%E ; (o B A4
() e o o it 0045 1 2 R i ) ) R A 37 5 BRE

Fig. 5 Pulse parameters of continuous mode-locked laser. (a) Radio frequency spectrum; (b) spectrogram;

(c¢) autocorrelation curve; (d) beam quality fitting curve and output fundamental mode far-field spot
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