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Abstract Free—running holmium: YAG lasers transmitting in a fiber with core diameter of 800 um can induce
vaporization bubble explosively at the end of fiber underwater. Shock waves will be produced upon the
vaporization bubble collapse. The shape and dynamic state of vaporization bubble under different laser
parameters, can result in variable parameters of the number, intensity, oscillation period, acoustic frequency,
and so on, of shock waves. An acoustic measurement system has been built to investigate the influence of
pulse duration on acoustic transients, and the characteristic parameters of the first acoustic transient can be
recorded by an oscillograph. The experimental results indicate that under the condition of 1000 V voltage, 5 Hz
frequency, 0.7~1.6 ms pulse duration of pump power, resonance will happen for the intensity of acoustic
transients at the starting period. Finally the intensity will decrease after reaching the peak value of 1.01 MPa.
The frequency of acoustic transients will always decrease gradually as the pulse duration of lasers increases,
and its peak value can reach 400 Hz. Holmium: YAG lasers with higher energy and shorter pulse duration can
induce acoustic transients with higher intensity, more number, shorter period, and higher frequency.
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Fig.1 Relationship between pump duration and energy and pulse duration under 800 pum fiber transmitting holmium: YAG laser pulses
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Fig.2 Laser pulse duration of holmium: YAG laser pulse profiles under pump durations of 600 ps and 1200 ps. (a) 302 ps; (b) 748 ps
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Fig.3 Experimental system for measuring shock wave induced by fiber transmitting holmium : YAG laser pulse
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Fig.4 Shock wave profile (Channel 4) induced by holmium: YAG laser pulse with pulse duration of 720 ps (Channel 1)
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Fig.5 Relationship between laser pulse duration and shock wave signal and the first acoustic transient

B A UKk 963 0, 397 s Bk 98 354.3 m) BE i AYBKHOG S S K TR AR S IR 0.72 MPa, (5 T 494 us
Ik 98 \408.1 m] AE 5t i B OL I 5 K T IR 55 35 5 IR 1H 0.524 MPa, £/ T 547 ps IR 98 .420.8 mJ BE 1 198k
JEE T K T IR D AR 5 B 0.8 MPa, JEUPR 2 X T [A] — S AR B OB EF 100 &, 24 306 ik b 98 B2 3% i, 765 47 3
T A 35 5 7 A PR IR FRORE 22 R A SRR A o T8 H 400 ps LAY R IIK b OG-S A AR BRI HL
UTARERIE | 244 ok 5 43 ek, o 18 A 2 28 8 1 A8 PR AR U A A K s 0 AR TR AN RE 14 4 2 Ji2 K, 9% T B O ik
AT R S5 o, 5 22 A0 20 & 2808 1A PR AR T Ak B2 i 4, TR ik 23 11 i B T8 53t K i i B B 3, T A
PN BE 2 2 AR L, I ELBE IR 11457 22 S TR 3T 9 9P VL AR AR 9 ek /)N T 32 i P 9L AR AR T 48 K
HT T P I P 5 Bt A S A P S 4 S M A R 5 R R T YRR TR BRI B, B LA K el KO = 1Y
ZAEAWZ B M B0 KA O AN E S 3 BUR A58 B 1 5 A 05 5 TR 58 B IR E R 05 5 > B0
Z . 2T HOCHESOLE i AL A BN — A28 B W A4S Bl = A8 22 5 29 e S VK o o B2 A3 155 E — 20 b
I, e R BIHOERE I DK TE R A 2 A SRR E T KK S 1 E R R SR . 736 us Ik TE 442 m)
B 0BG S 5K T IR DA 5 R (B B Kol 1.01 MPa, Bl 25 Tk 5 33 i #8300 2] 14 75 2% FR {5 5 1 IR 32 7 s
/NZE0.872 MPa. JIT LABOE K w58 B 38 K B v, 7 2205 5 T 1 2 B0 0, (H 28 — AP 225 S LR IR T
B, P51 O 7 2 A 00 30 2 o 7 AR 3 AR R TS S VR AR U 3 SR R AR TR E
3.2 #R3%5R1E S INiE

71N WA X g AR IR ¥ 7S A A S AT DR R L IR e (FFT), 49 2 5 5 5 A . 7E OSSR IEUS 3
AR 1 R AR, 2K W 25 7 i s I 380 Y M R A S I 6 B o 18 6 b BT T AR BE 23 i) Dy W AE

0404003-4



L G-

5 IR P AR A A Ak WA, 25 3 O O Haz, 45 Ui 48.8 Haz By Hy Y5 I 75 45 S 4R HL Y5 A IRl 1000 V ik
Bk 0.8 ms SN 5 Ha i, 45575 (5 S0 A0 & 7 BT os o IR 745035 1 i 7 1, DA 22 38 A W6 {1 3T 7 A5 53R 43 1)
1 48.8.388.3510 Hz, 55— hy ML UG MR 75 (5 5 005 5 AN RS = A OGRS {5 M3 A A 5 5
WIRAH 25 3122 Hzo £E 2.1 19 SEIG A5 4T, AR W) A Y50 T4 030 32 T RE #2175 21 75 2205 55 1 0% 5 Ik 58 22 18] 19
KRB SR BSFRE, 75 15 5 50 5 B Ik S (0 15 S 2 T R a8, Bk 580 397 ps B, 5 — A 7 24 {5 5
R fie KAE A 400 Haz, W05 Bl 25 ik 96 38 075 2245 55 A50R B W/ o MK 58k 918 s B 75 2245 5 410 1 B A
/M, 4 337 Haz, 3X 5 Az ik b 56 B B 0638 B OB R T R BLRR E MR AR 25 AT 6

3510 Hz
| (=]
oo e e o sl [

RS DI F AR

[l 6 W {55 i 7 BKHOGIK s S KR R AR T
Fig.6 Frequency spectra of noise Fig.7 Frequency spectra of acoustic transient induced by

holmium: YAG laser pulse

4 45 B

R CEF AL B KOG K R 5 S 5 5 DR AR RURE R BOG AR B AR T, 0 K E AR BUAS TR PR 5
W75 A5 R AR WOR TR TR R E S R R IR AR B R IR R SR S R AR R,
F, Y Al S L TR R 1000 V 58 5 He, BOG Bk 56 M 397 ps 38 K 2 967 s I, 75 (S AK 5258 I # 3 B 1F
TEZ AP, AR 5 TR RO K o 98 BE 2 736 ps B 3K B U8 {E 1.01 MPa, SR J5 52 F Bl 3, i 8 — > A (5
SRR L R AR AR Dk TR A B HOE K oA S B BR B A S R R, N B R
LUF TN RS N

£ E XMk

1 A Vogel, V Venugopalan. Mechanisms of pulsed laser ablation of biological tissues[J]. Chem Rev, 2003, 103(2): 577-644.

2 R L Blackmon, P B Irby, N M Fried. Comparison of holmium: YAG and thulium fiber laser lithotripsy: Ablation thresholds, ablation
rates, and retropulsion effects[J]. ] Biomed Opt, 2011, 16(7): 071403.

3 H Lee, H W Kang, ] M H Teichman, et al.. Urinary calculus fragmentation during Ho: YAG and Er: YAG lithotripsy[J]. Lasers Surg
Med, 2006, 38(1): 39-51.

4 M Ith, H Pratisto, H U Staubli, et al.. Side effects of laser therapy on cartilage[J]. Sports Exerc Inj, 1996, 2(4): 207-209.

5 H Pratisto, M Ith, M Frenz, et al.. Infrared multiwavelength laser system for establishing a surgical delivery path through water[J].
Appl Phy Lett, 1995, 67(14): 1963-1965.

6 H Pratisto, M Frenz, M lth, et al.. Combination of fiber—guided pulsed erbium and holmium laser radiation for tissue ablation under
water[J]. Appl Opt, 1996, 35(19): 3328-3337.

7 W Wagner, A Sokolow, R Peartstein, et al.. Thermal vapor bubble and pressure dynamics during infrared laser ablation of tissue[J].
Appl Phys Lett, 2009, 94(1): 013901.

8 T Lv, Q Xiao, Z J Li, et al.. Influence of water environment on holmium laser ablation performance for hard tissues[J]. App Opt,
2012, 51(13): 2505-2514.

9T Lv, Z J Li. Underwater holmium—-laser—pulse—induced complete—cavitation bubble movements and acoustic transients[J]. Chinese
Sci Bull, 2011, 56(12): 1226-1229.

10 T Lv, Q Xiao, D Xia, et al.. Cavitation effect of holmium laser pulse applied to ablation of hard tissue underwater|J]. J Biomed Opt,

2010, 15(4): 048002.

0404003-5



A I S
11 M Frenz, G Paltauf, H Schmidt—Kloiber. Laser—generated cavitation in absorbing liquid induced by acoustic diffraction[J]. Phys Rev
Lett, 1996, 76(19): 3546-3549.
12 R Brinkmann, C Hansen, D Mohrenstecher, et al.. Analysis of cavitation dynamics during pulsed laser tissue ablation by optical on—
line monitoring[J]. IEEE J Quantum Electron, 1996, 2(4): 826-835.
13 E A Brujan, K Nahen, P Schmidt, et al.. Dynamics of laser—induced cavitation bubbles near an elastic boundary[J]. J Fluid Mech,
2001, 433: 251-281.

14 D Lapotko. Optical excitation and detection of vapor bubbles around plasmonic nanoparticles[J]. Opt Express, 2009, 17(4): 2538-2556.

15 H W Kang, H Lee, ] M H Teichman, et al.. Dependence of calculus retropulsion on pulse duration during Ho:YAG laser lithotripsy
[J]. Lasers Surg Med, 2006, 38(8): 762-772.

16 Lii Tao, Xiao Qing, Li Zhengjia. Cavitation effect of pulsed holmium laser and dynamic characteristics of hard tissue ablation
underwater|[J]. Acta Optica Sinica, 2010, 30(12): 3558-3562.
BOW,H O, A DR B EOG KT 23 AR RN K T Rl A P BE 20 LS A AR )], D6 i, 2010, 30(12): 3558-3562.

17 M Frenz, F Konz, H Pratisto, et al.. Starting mechanisms and dynamics of bubble formation induced by a Ho: YAG aluminum garnet
laser in water[J]. J Appl Phys, 1998, 84(11): 5905-5912.

18 M Frenz, G Paltauf, H Schmidi-Kloiber. Laser—generated cavitation in absorbing liquid induced by acoustic diffraction[]J]. Phy Rev
Lett, 1996, 76(19): 3546-3549.

19 E D Jansen, T Asshauer, M Frenz, et al.. Effect of pulse duration on bubble formation and laser—induced pressure waves during
holmium laser ablation[J]. Lasers Surg Med, 1996, 18(3): 278-293.

20 Wang Xiaoyu, Wang Jiang'an, Zong Siguang, et al.. Research on laser—induced acoustic signals in different water depths[J]. Chinese
J Lasers, 2013, 40(11): 1102002.
T, EILE, 22 B06, 45 KRG HOE {5 5 2 mawF 52 ()], T EEOE, 2013, 40 (11): 1102002.

21 Li Xiaolong Wang Jiang' an, Zong Siguang. Analysis of optical fiber acoustic transducer with a MEMS membrane[J]. Chinese J
Lasers, 2013, 40(10): 1005007.
AR, TALZ, SR IO, JE T MEMS JBER #6275 1 B o T (J]. 1 Ok, 2013, 40(10): 1005007,

22 Wang Xiaoyu, Wang Jiang'an, Zong Siguang, et al.. Research on energy distribution after laser—induced optical breakdown underwater
[J]. Chinese J Lasers, 2013, 40(10): 1002007.
EWET, AL, SR EOL, K Ot o AL F 5 (1], P O, 2013, 40(10): 1002007.

EBHRE: %54

S
=

0404003-6



