) 32 2 3R Acta Phys. Sin. Vol. 71, No. 20 (2022) 204202

Xk K B iR S S E R Hotss

e HREEY  EHHY O KRECILY THRY FEFED
“HEHEY EWAY REEY KEY

1) (ERIERFY PG TR b, K 401331)
2) (" ERlEBE KA U S T, K& 130033)
3) (ALt Tl R R4, bt
4) (ERIFHERS, BRERR RSO, K 401331)

100124)

(2022 4F 3 A 17 HYkF; 2022 4E 6 A 30 HUEMEHH)

AP PR ARG A5 A RSS2 56 | AR LA AR 8 25 I T ) Z L AR SCHRGE T — R G
FBIAE e S (A R OC AR . R P 9 85 R R TS A 85 52 S 38 A A K S S 5 R A TS A i A TR
A LG AR I, 5 A AN B BA M O 9 A DT, KRR S 25 0 3T A S R B0, 45 5 OGS i B ARG BEIE LAY
BOGH, —IL S sh Biead fe, SC AR /9 1 B . BBk nh S8 B 4.3 ps, FAE WA 1.1 GHz, f K ih
Ty 323.9 mW. 15 B A JE A L TP a7 5000 0 R A R DR TR ST A, T A R T R A AT IR A TR L
AP S VO A, AR — R, PR AR E S 00 XU R L S I R A AR A SR B B K

951 1 961 nm, XN A% TR R 32 mW. 3 U K X R 1) 2285148 59 4 3.3 THz, EA 841 v s s .

KR UK, AR, AN O, TR0

PACS: 42.55.-f, 42.55.Px, 42.62.-b

1 5

LS HIEOGAY (semiconductor disk lasers,
SDLs), X FRIGHE I I B AME & SHEOLE, 456
TR R OGN ST R SO G A
A T P i A3 R T ) O R I s v ) i o 3 0,
L5 [ RO G # A E, SDLs B R A 46 25 4 o & 5
WA T M 440 nm #) 5.3 pm 1507 BB 2, 5E
TP AAL A AT AFE A BIR L SP B SRS K
S SUARBOGER A EL, SDLs HAF RI6 B SME 254,
T AR I i AR RIS R B F T, SEF T

i

DOI: 10.7498/aps.71.20220483

FAR (RO ™ A FI, 2200, SRR 5F) |
PR EFE (R | DU i L RS ) | B
FESF. LRI TERE AR A Y B~ O R AR
(DG AN R I /B N = 2 O U =L
2T HARE] T2 N

XA O EAAE T PO, A
ZE DGR O, AREMEIR AL 1) RO By 7 259
Sy AN ARG TURBOCAR 58 5 3R N
K, (HRSARBOCAA L, BAEOLARS AT HX
PR, R BH R s Y B 5E. bR T
A ARBUEAHO R ASE, b nT e SAREO L
HSRAF R K i 1. SDLs JEH B 48 7 A AU K Y

* AR AR RS PR TR B TS VETH (S HZ2021007), FEF HARB2EIE4 S 61904024, 61975003, 61790584,
62025506) FIEE R ZRHEHIE R H (S : KJZD- M201900502) % B,

t iBfEYE#E . E-mail: wangt@cqnu.edu.cn
T BIE1E#E. E-mail: zhangpeng2010@cqnu.edu.cn

©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

204202-1


http://doi.org/10.7498/aps.71.20220483
mailto:wangt@cqnu.edu.cn
mailto:wangt@cqnu.edu.cn
mailto:zhangpeng2010@cqnu.edu.cn
mailto:zhangpeng2010@cqnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 20 (2022) 204202

PE#: &5, SDLs W3 547 v K, A T IHIE T,
= A g RO T R Y R AR R B B R
SDLs [ % S T LABET, M 4 H 0L g ]
B AT AR TG R

TE SDLs H 345 B K I 5 IR 2. 2005 4F,
Leinonen %45 B 7£ SDLs [ B3 25 005 A w5 FH
FRATE] o By 5B, SEBL T [RIRR 4 58 nm Ay AL
Pk, H K391 984 nm il 1042 nm. 2007 4E,
Fan 55 ) {ff FH s A 0 ARHZ: A B30 %0 B o 2 A A 4
Wi 10, 78 V BRI sp SR B oA 2.1 nm A XU
. 2010 4F, Hessenius 55 10 R HERPERE R V BEHY
W35S, 78 SDLs By [Rl—-3 g5 .05 7 RIS A A
Fé) By HH U . Hessenius 25 M ¥E 2012 4F 2R F 30
R, 7E T A s s BT [ B~ 35 nm Al XU
K, I e RN A, SRR AP 2] 52 nm.
[ 4%, Scheller 45 12 F 3 F 171 S YA 403 s 15 1)
SDLs, SZEE T RIJEE R0 K, RO iy 2255 AT L
M 300 GHz 3% 3.5 THz. 2016 4%, Zhang % [13)
TE[A]— N ER AT PR 25000 Fr, FRARAIFE A 10 nm
(BRIt 2019 4, BB/ A DR AU 4 08
F, fE— ALY RIS 953 nm Al 1100 nm fY
M. 2021 4, i T R V8 Rl o 4t st
Kepldas, o b XG5 961 A1 970 nm!.
IEAb, B SDLs i AT Ll £ 5 4 & i 19 DA
R AERE 25 A 0 25 B) 43 g AR S g 17

LR, R RO i RE1E 2]
e R L IOk iR I ) AT AR IS T i 4
ARG, R G Y e SRR 8L BRi
A, BIBCHOCERAE R [B] 43 HGiE - 19 62 H 5% 20
FAE s 2 P AU AR B T I N AR
BOGA R JORREOE A L SURBOEAS | BHABOE AR
Rl FARBOCASSE, BEEWOCE AR K, Gerh4i
BRI ASUARBIRBIHOG A AR ETE — Lo e 2 R Rl 2
e BT R G A B 24 RSB RO AR TE =
MR NEER Q ARUEIS; 1 FIRBIM
AR BEEIRET M QA ATRE MRS,
G MR LU ik LT GHz; SeLr i ios 4%
A LS SR B R e B, ARAS fs )
L Tk e R G ) i R T % 22231 SDILs A Sy —F i A
[ RO GRS, HAA O H AR E A 1
PR, RIS AT ARSI o Ay o' R I R v 1)
HII%.

T K SDLs 52 3455 AT LLIE i 31 2000 4F.

R ST AU (semiconductor saturable
absorber mirror, SESAM) {E 4 @i % &% 14, 18 i
V B AAT T R AR 4.4 GHz Pk b v BE
22 ps AP ik vh g Y 24 Maas %5 25 7 2007 4F
U R TR A TR SO R 2R
¥ SDLs (144 25 X 48 5 SESAM 4 7] 4 1 W i X
WA AR, TR T —MERRE SR A, A
AR AR N 2.9 GHz, Bk TaiE K 31.91 ps
A ik . A1 SESAM 4i5E, B AR AEME iS5
- 2 DK b ) (EHOIN T T 20 R A T
BORG O TR . B SESAM FIs #5005 Fr 4
BCARAS AR RS 1, R SR T A TR A s 78 v S 3
B, AT EES G PR T T2, R in
Tt AMEA: K B B A

2011 4F, Chen 45 PO 17 YR 7E e VE s 235 ) v it
7R T SDLs [ 45, JEI i P A fiff AT T iAo
1, S T EE MR N 2.17 GHz, FREemHE] N 654 fs
10 % H ik o 2012 4F | Kornaszewski 45 27 % FH &
A7 BRI AL 7 PN S A R B ) 7 A AR
% RS T EEME N 210 MHz, FREEE N 930 fs
ARV ok ofr; 7R VA D48 (R 10 It mT LA 3
SRR A 200 MHz, FFEEF R 1.5 ps (B ik
. 2017 4F, Bek 45 P8 FE e MR 7E 3.5 GHz H
SRR SEIL T RELEIT A 22 ps (B ko, {HIL
g IR, HA 30 mW. X [ B A ] iy
AW AT e A BRI, AT A4S SDLs 241t T 5
2555 WA IR T 1 i 7 2 v L

i H SDLs [ A AT LU AP AS 5] 6 05 1k 512
B B — b R R TR O PR I — 4
IXANBGE T LA BR 1) i 2™ HE AR, 38 A AR ok
BE )R /INSEIRIAR, 7= AR AR B ik . o) —
TR R RO e 5 0N B A S S
SR BB ARG A AR B AR 1 25 R T R 4K
SRR, B TS AR e A i I T U N R I O
BER/INAT ASEERATRR 290 JLAP-5 IR AE A I A T

XU BB GRS TR SR ET S0 . Kobk2%4m
77 PO AR GRS A R KR AW 51 7. BAROE
PEBREFE T 0] LASCEURGE Kb, (H e AT iR
J I LU AT 2%, 3 25 A L ) BB G BRAT At 23 B AL
P K 2 IE AT IE . M FHBIEE SDLs SR K
BAVTAENAE: &%, SDLs #2585 A Rk
(R 38 2571 B, PRI, SEEUUI K 1 T3 9 R A K
HR, R 20 2500 2 AT LA i 28 i b ke AE U

204202-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 20 (2022) 204202

Kk i H]BR. Scheller 25 BY ¥E 2016 4E4¢E T SDLs
) XU A At (i ] SESAM 78 V B vh 3k 75 T
WA 25k 1 THz Bk b, 38 5 AR A o 5T DL
9 K RFSEIS ] 7E 6 ps 1 35 ps Z (A, (HIZ 1A
RIS T AR 4%, 24 M1k, SDLs R0 &
RS G o S AR S B T R AR A R
B HGE

ASCHIE T — B F AR S A R
ers. BOCHAEESBREIT, T8 i AR K L
KA e s, T LLSE MRS A AR ik iy . AE A
TR SEAE b AR RIS rhai A8 1 ) Fr, FERRAS I
AR A R BAS 2) T AR AR R

2 SDLs % A Wyi% it

SEus Y SDLs 3 2500 i R 4 B A
ML & Wik AR DT R (MOCVD) A K 1.
B ETE GaAs #1 ) FAK & & E10 AlGaAs JE§
PFHPY R, RIF A K GaAs (R3P)2. 9 T B IR #0%
TREE S, BAEKEASH2H AlGaAs )2, 1%
TARIZEH 121 InGaAs/GaAsP & F BPr 4Ll A
JRIX. InGaAs H In B9 & 52 ARG H AR & K
980 nm WITHY. M GaAsP JELEA IR IX &5 A8 #b
2 2 RN A W W2 I XU AR T, B GaAsP
P 15 s R 5 HERAMEE N A, (H MR RER 22 D)
EFABEMIBCE M RER. 30 X R AI(IRIT S
R) FE AL TSR 4L AlGaAs Z 84
B A A P A% S 8 8% (DBR), AEKFEA TRIX -
J7 AP AR R A AT B8 430 R 980 nm il
100 nm. FzJ7 3N ME R AR B 1E AL GaAs
JZ. #£ SDLs 1, it F i i i 2 F AR -2 S A 1w R
DBR JE W — M, FEA IR RO, A T
PATF G a5 R, WAMER I AE R —AMER
R, FialE 2w P2, ks =B AL
T CTE P D A B T IS IR ) T 0 25 45
F. AME R 8RB 4 mm x4 mm 3G 258
FEAE LA e s AR B _FER-40-4, SRR LA
TER AT L, B ARSI B0 i A IS

3 HAUE

B SIEB0R P 1 BRL A BRI IR, A0 1
FR, — 3 gt Mlm s (SR 99.9%@

980 nm, M4 K 150 mm) ¥ K. FE I 2
808 nm K ICLFHE G 4 - FRBOL S, A
£ 400 pm. FWRDOGE 1:1 BB EHE DL 30 A
SPEE fEE A b R SR R B B
B IR, AN s B A N Y BE T AR E AR
E FBIAE.

Output
coupler

Bl 1 BB SDLs 324 i 4
Fig. 1. Schematics of the self-mode-locked SDLs.

A o3 3k — ' AR 8 43 3 R — 5
FORWEAS . — I I ASGE HEHEA TR 5] 2 B
/R TH 10 GHz 47 %8 . 50 Gs/s (1 Gs = 10* T) 2k
= RSNl =qioE Ly U S | M o Ok S P
T G P R TR0 R A ORI 25 5. AR 2 T L
L Bk R R 1 ns, IEE— Bk, A H
AT R P L2 AE AR, EHH S T B R E 3%
LA

(=2}
Intensity /arb.

Intensity/arb. units

—10 7. 5 (.) é 10
Time/ns

P2 H BB SDLs i Y 3 Sk ol 5 310, H: b 4 151 Sy

1 s AR ]9 JR i Bl 1 p 45 2R

Fig. 2. The continuous-wave mode-locked pulse of the self-

mode-locked SDLs. The upper inset is the results in the

time extended range of 1 ps.
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Fig. 3. The RF spectrum of mode-locked pulse train, in
which the fundamental frequency signal of 1.1 GHz is the
repetition frequency of the mode-locked pulses, which
strictly corresponds to the 135 mm resonator cavity length
of the self-mode-locked SDLs.
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Fig. 4. Autocorrelation trance of the mode-locked pulses.
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Fig. 5. Laser spectrum of the self-mode-locked SDLs.
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Fig. 6. Output power of the SDLs versus pump power.
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Fig. 7. Beam quality M? factor of the mold-locked SDLs.
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Fig. 8. Schematics of the dual-wavelength SDLs.
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Fig. 9. Wavelength tuning and dual-wavelength output of
the SDLs, and the corresponding output power when the

pump power is set as 5.5 W.
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Fig. 10. Pulse train of the dual-wavelength continuous-wave
self-mode-locked SDL.
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Fig. 11. RF spectrum of the dual-wavelength mode-locked

pulse train. The inset shows harmonics up to fourth.
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Abstract

Dual-wavelength mode-locked lasers can be widely used in optical communication, pump-probe experiment,
nonlinear frequency conversion, etc. In this paper, a dual-wavelength self-mode-locked semiconductor disk laser
is reported for the first time, to the best of our knowledge. A simple linear resonator is formed by using a high
reflectivity distributed Bragg reflector at the bottom of the gain chip, and an external output mirror; the cavity
length is about 135 mm, with no need of additional inserted elements. Based on the Kerr effect of the gain
medium and the soft aperture formed by the pump spot on the gain chip, along with the fine adjustment of
cavity length and pump intensity, the mode-locking process can be started from the free running and the stable
self-mode-locking can be realized. The mode-locked pulse width is 4.3 ps, the repetition rate is 1.1 GHz, and the
maximum output power is 323.9 mW, which corresponds to a peak power of 68 W. After the laser is mode
locked, a readily available blade, which can introduce a wavelength-dependent loss for different laser modes,
resulting in a lager cavity loss for a longer-wavelength mode and a smaller cavity loss for a shorter-wavelength
mode, is used as a wavelength tuning element, and is inserted into the cavity in the direction perpendicular to
the optical axis of the resonator. By changing the depth of the blade inserted into the cavity, the laser
wavelength can be continuously tuned from the initial oscillating wavelength (longer-wavelength) to a shorter
wavelength, a stable dual-wavelength output with equal intensity can be obtained at a specific position, and the
stable continuous-wave mode-locking can be maintained simultaneously. The steady dual-wavelengths in the
experiment are 951 and 961 nm, and the corresponding output power is 32 mW. The above dual-wavelength
outputs have good coherence since they are stimulated radiations from the same gain chip. Meanwhile, they
have relatively high peak power and strictly meet the coaxial conditions, and these are all advantages for the
difference frequency generation (DFG). The frequency of the DFG in the experiment is approximately 3.3 THz,
which can be widely used in laser radar, remote sensing, homeland security, counter-terrorism, atmospheric and

environmental monitoring and otherareas.
Keywords: dual-wavelength, self-mode-locking, semiconductor disk lasers, Kerr effect
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