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Investigation on the Mechanism of Ultrashort Pulse Laser
Interacting with Soft Tissues
LIU Li, LI Zheng-jia
(Research Institute of laser Technology, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China)
Abstract The mechanism of ultrashort laser interacting with biological tissues was investigated in detail and a model has
been developed to calculate irradiance thresholds for laser induced optical breakdown in biological soft tissues. Calculation
results show that for nanosecond or subnanosecond laser pulses, initial heating electrons in strongly absorbing media
contribute significantly to avalanche ionization and optical breakdown threshold decreases with increasing tissue absorbance;
for subpicosecond laser pulses, multiphoton ionization is the main mechanism for optical breakdown which is insensitive to
linear absorption.
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Fig.1 LIOB threshold as a function of laser pulse width at
different absorption coefficients, dotted lines indicate
the multiphoton ionization limits
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Tab.1 Parameters for optical breakdown calculation in water

A Ng M T T4 y E.. A
1064 132 3x10® 10® 500 10 6.5 1.599x10*
nm Kg ps ps cmps’ eV (em¥TW)ps”

ik T % i T R 494, 331344 < o S e R T A
HL B (R AR OO ) SR Bt AP G L B A9 A
TR, 1t T i 7o i R
FEKTEAIAEI, FERBKTEIERE (>1 ns), T AT S
F AL, X BN, PR M 2T
F AL | L A e B 4RI ) ) i ol /MR
Z A HFEFREZER TRIEEEAR N 0 1 ;
7€ 1 ps~1 ns BkFEFEHE, 7E8AGB AP B
o, 2T A AP TR K E A
Y62k o B W TR R ECR R 0 4
Ji ; TE AR SE Bk ph TS L, WOE AT T R R, &
580 BE WO CHR AT P A 19 2 0 B e R e K T L
TR, 26T B R e A EBHLH,
o AT EOE T 26 TR R,

WOCRE BT YRl A AR L 255 i v Bt B o
ot S5HTFREERHRSIERN, B 2 KOk
10 ps, WE{E Y638 4 B(E Y st , oS8 BF e a) A
SREN =40, AT EFRABCHOEREASN
PR LA, SFE TR LA S 2=0,2=3 pm 4t
IO E R 3 A, W FIREDEE AT 5
BRSBTS (PR A B n
B GR AEE FASEOC A& AR TR,
AT DAFE H , 7E Bk o 858 5 33k 22 A1, BOCHIE ity
JUF AL b AE A A 2 P A4 R (SR BE AT S
PR T M O, B T A T AR SR EN R i
WOCRER , SOk S R SR R, M 2=



298 i [ ¥ ¥ 314
B, Y ASHEOCRE R B 3 W T F R, A%
3 KB GHR B (<1 pm) .

'g .

3 0.2 J 4 Q’é:.ié

£0.1

g ] 6. 3 F Shen A9 [ 4 2% 196 o 5 (0 3 36 7 72 A

0 \

——

2 @

P -
Ti 30
me g¢ 40 0

P 2 A= e 2R OG5 R T i) S SR BE 948 4k
Fig.2 Variation of laser intensity with time and
transmission depth in tissue
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Fig.3 Variation of electron density with time(solid line)and
Gaussioan pulse shape at 2=0 (dashed line), 2=3 pm
(dotted line)in tissue
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