UDC 621.375.826+621.3.018.756

/PGB NV A L — ¥

iR FJE*,

o

HeAC ™, S

[0

Ultra-compact Laser-diode-pumped Femtosecond Solid-state Laser

Shougo YAMAZOE*, Masaki KATOU*, and Tadashi KASAMATSU*

Abstract

We demonstrate a novel practical femtosecond laser source, which is, to our knowledge, the smallest in

size and of potentially low cost. The innovation is the simple linear-cavity design utilizing soliton mode-

locking induced by precise group velocity dispersion control. Average output power of 680 mW and pulse
width of 162 fs were obtained at around 1,045 nm from a 980-nm laser-diode-pumped Yb>*: KY (WO4)2
laser. The pulse repetition rate was 2.8 GHz, leading to a pulse peak power of 1.5 kW, which is sufficient for

biomedical imaging. The laser module including the laser diode pump system has a footprint of only 8x5

cm?. Stable operation of 4000 hours was demonstrated with fluctuation of less than 10%.
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Table 112 BEMAREZ R,

Table 1 Specifications of Ultra-compact Femtosecond Solid-state

Laser.
=78y — >1kW
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Fig. 1 Schematic diagram of ultra-compact femtosecond diode-
pumped solid-state laser.

21 /BILDBhEL — RIS

L—ddh & LC, B GIR I RT C il 20 ik fo [ 1
L — W% VE L § % TiSapphire #5551 28 1) | 2l
EAK L — W CHEBERHE DT BE R Y RS2 V5. Yb
S EE, HOEATIEIE AN < BB OV ABEAREZ I
BEWETRE (590%), KWESEA DS BB ERHEICB
W RECEAEIHESTRETH LY, kA M
LT, 32200 fsec LN F DRI )V ZAEEDHE D H
%, YAG [Y3Al5012], YVOs, KYW [KY (WO4)2],
KGW [KG (WO4)2], Y203, Sc2037% & % fEffitt kL& L,
SRS BT EIC X D R L 72 HUEE T &
LT, T¥MOGAEERE L RRRSAm L HRERE— Fo
E— FBEEEELL— FHBRREFLE G,
FORR, FEGHBHEEIARE < 1% 102 cm?),
THEAL Stark AL IR E WK YW, KGW, Y20378,
e 87 — 2W 2 BT B 600mW DL 1,
LUV AR 200fsec L %2 7 ) 7 Lig A AL TH

B ENDh ot R TIEYbKYW 55O BhE4
PEIZ LIS Ti#mT 5o

B RIE, VT + v 2 Ly X ICHEERL —
FORNE — 2% L —HREICE L2 EGEERL: 2
TLIZY AL Z BRI L7z RN, L—PRIE
WRAR LIRS (R<01%), Bh#e k& 126F L K5t
(R>95%) #2355 4704 v 27 3I5—%EL,
FICEEAT B,

2.2 BNV L — I

KR TIHRL F— Lo 2013E— FRBEHEDLE
HIEITd Do ARLIZPE, 40 K LEEEAE L 2D
FUEHE I ERET AL, 1235VAYS-) DO R Ib
F—lZNEL o TW L, NIVAZRIVF =03 % HE
X TE5E, E— FRERMBIED X b TRELE R BIER
AUZA DAL Z LA - EBRomMAm 2~ oI T
W, oL 2T A F =KL A B L FIEERI DA
Tl E— FERMOVZFNZERY (~ msecd
LI rF L) OLEFLLRVREERPES SN
CEDVHEREINT VDL, TNEQAAL vFE— FRE&
551D, 12)

AKWFZEICBWTS CoMEICERmNL, LikdikGRE
30cm L FCTIE%E L72E— FRMBIESHETH -
726 2T, bhvbitigv ) b yBlE— FRELR
A+a2 &2k, FABOBET L F— 2S¢
INEMES B 2k BTz, V) b B — FREIE LI,
HIRBWICEOBEEE B EA L, OV AR
fr 2 I L — RS S el TH 3 B IE O B
A BCMMEERICE2IEF Y — 7L 2 MiEL
INNVADRELEZR L FHETHD, §TIZ, 74 b
BV ASEICHEE SN TEFETH LD, Kifst
TR T/NEALD R B M ARSI L 72,

Fig. 212, E— FRMIBED QAL v F /87 X =%
(QML) &AL 2R4. QML 21, L — 555
WAL 7 —0FE» 5B SN QAL v F1t
LT 80ETHL, VY b rAElE— FRIPATIE,
TR 7 — 12k 52— FREMO A CEE LT hE
THAHH, BETFVF—1380~ 140n] & K& <, 4t
A EII30cmBEDSIRATH L &b o7z VY

| [—#vurom
—Nd:glass(1060nm)
| | — Yb:Y203(1075nm)
140 | |— Yb:KYW(1045nm)
- | — Yb:KGW(1045nm)

Yb:Y203

N

Critical pulse energy (nJ

000 500 1000 1500 2000 2500 30.00
QML parameter (103 nJ2)

Fig. 2 Stable mode-locking critical energy as a function of
Q-switched mode-locking parameter.
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Fig.3 Auto-correlation trace of mode-locked pulse. Pulse width is
measured to be 162 fsec.
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Fig. 4 Optical spectrum.
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Photo1 Photograph of the exterior of ultra-compact diode-pumped
femtosecond solid-state laser module.
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Fig. 5 Auto-correlation trace of mode-locked pulse of the laser
module. Pulse width is measured to be 210 fsec.

Fig. 6 Beam profile of mode-locked pulse.
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Fig. 7 Long-time operation of ultra-compact femtosecond laser
module with automatic-current control.
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Fig. 8 Long-time operation of ultra-compact femtosecond laser
module with automatic-power control.
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