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In t r o d u e t io n

B e e a u s e o f its sp e eia l Pr o Pe r tie s
,

in te n se la s e r h a s a tt ra e te d a g r e是t t d e之一1 0 1
’

a tte n t io n s o 、℃ I
-

th e la s t fe w ye a r s
.

fo r th o s e Pe o Ple w o r k in g In th e n e ld s o f In a te r ia l s t r u e r u re d a m a g e

m e eh a n ism a n d la s e r P ro e e ssin g
.

A s w e ll k n o w n
,

the in te ra e tio n o f la se r 认 ith 一n a te r ia ls u s一la lly

lea d s to tw o tyPe s o f d a m a g e
,

m e eh a n ie a l a n d rhe r ln 之11 d a m a g e
.

e a e h d e Pe n d 一n g m a in ly o n the

la se r p a ra m e te r s su eh a s la se r in te n s一ty a n d p u lse d u r a tio n ll一 “1 W h e n a e o n tin u o 一1 5 w a ve la se r

w ith re la tive ly lo w in te n sity o f the o rd e r o f 10 ‘w /e m ’ o r le ss ir ra d 一a te s o 一1 the s u rfa e e o f a 5 0 1盖d

ta r g e t
,

a fra e tio n o f la se r e n e rg y 15 a b s o r b e d b y the ta rg e t m a te ria l
.

h e a tin g u P it to g e n e l
’

a te a

hea t
一a
ffe

c ted z o n e
.

A ls o
,

s u e h lo e a liz e d a n d n o n u n ifo r m he a t in g m a y e a u se a g r e a t a m o t二n t o f

the r m a l s t re ss
.

If the the r m a l str e s s e x e e ed s the h ig h te m Pe r a ru re fr a e tu re s tr e n g th o f the

m a te r ia l
,

it m a y le a d to d a m a g e a n d fr a e tu re in the he a te d 2 0 一l e o f 一n a te r 一a l
.

If the la s e r

in te n sity 15 0 一1 th e o rd e r o f 10
5 一 10 8 w

一

e m , a n d the p u lse d u r a tlo n 一5 o n the o r d e r o f

m 一1lise eo 一l d s
,

the 一n a in Phe 一lo m e n a a re 一n e ltin g a n d va Po r iz a t io n
.

T he y m a y Pu n e h a 11 o le :一n d

r e凡u It in s tr e s s e o n e e n tra tio n a 一l d 一n a t e r ia l
‘

s tr u e tu re fr a e tu re
.

In a d d itio 一1
,

tll e ir ra d ia tio n o f

th e la se r o f v e ry h ig h in te n s一ty (10
, ‘,

w ‘e 一n , o r In o re ) a n d o f sll o rt P t一ls e d u ra t一。一1 (s e v e ra l

n a n o se e o 一记 s) 一n a y le a d to the fo 一11 ; 恤tio n o f Pla s lll夏t o n the s u r fa e e o f 50 1一d 一n :一te z
·

i是一15
.

In t u r n
,

th e Pla s一飞1之一 c a n 一n te r ae t w ith the la se 一 b e a ln a lld g e n e 一a te sh o e k w a 、℃ P一劝p之, g :一l一19 1 1110 tll c

ta r g e t
.

卜、 c zl b e fo re the la s e r Pu ls e 15 0 、e 奋: 王一b la t io n ()n tll e ta r g e t s tll
·
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o f ra r e fa e tio n w a v e s P ro Pa g a te s 一n to the ta r g e t
, o v e r ta k in g a n d a tte n u a t一n g the sh o ek w a v e

.

T his s h o e k w a v e w lll b e r e fle c te d fr o m th e fr e e s u r fa e e o f the ta rg e t a n d e a u s e sPa ll a b o v e

th re s};。 ld a m Pllt u d es
.

B e sid e s the a b o ve 一

m e n tio n ed tyPe s o f d a m a g e
,

w e h a v e o b se r v ed e x Pe r im e n t a lly a n ew

tyPe o f d a m a g e
,

i
.

e
. ,

th e R PE ; in the s tu d yin g o f the in te r a e tio n o f a lo n g Pu ls e la se r w ith

m et a llie t飞)115 17一 8 ]
.

T he R p E e a n b e b r ie fl y d e se r ib ed a s fo llo w s
.

W he n the la se r b ea m w ith the

in te n sity in the ra n g e o f 10 5 一 10
‘’

w / em
’ a n d Pu lse d u ra tio n o f o

.

3 m s ir r a d ia te s o n th e 、u r fa ee

o f H 6 5 e o PPe r a llo y a n d a lu m in u m a llo y fo ils w ith 0
.

0 9 m m a n d 0
.

0 5 5 m m 一n th 一e k n e s s
,

the y

w 111 b u lg e in th e d ir ee tio n o PPo site to the la s e r in e id e n t d ir e e tio n
.

A n d la te r the fo lls e x hib一t

the the r m o 一

Pla s t ie sh ea r d e fo r m a tlo n lo e a liz a t io n o n the r im o f Ia se r ir r a d ia t io n re g 一o n
.

T he n a

s e r io u s th e rm a l m ic r o 一

to
一

m a e ro d a m a g e a n d a Plu g g in g
一

!ik e fa ilu re w ill ta k e Pla e e a t a v e r y

n a rr o w re g io n (a b o u t 10不‘m in w id th) a s th e la s e r e n e r g y g ra d u a lly in e r e a s e s
.

T h e fa ilu r e m o d el

]o o k s lik e g e n e ra l Plu g g 一n g e ffe e [ (G PE )
,

w h lc h ha PPe n s 一n a th一n Pla t e Pe n e tr a ted n o r m a lly by

a ]o n g r lg ld P r oj e e tile
.

In the G PE z he PIL一g g in g d ire e tio n 一s 一d e n tie a l to th e Pr oj e e 一le m o v in g

d lre e t一o n
,

w h zle in the R P E the P]u g g 一n g d lre e t一o n 一5 o PP o s ite to the ]a s e r in e 一d e n t d ir e e tio n
.

T o tl一e b e s t o f o u r k n o w le d g e
、

this Phe n o m e n o n ha s n o t b e e n r eP o rte d 一n o Pe n l一te r a t u re s
.

T h e u n d e rs ta n d in g o f the m e e h a n 一sm o f the R PE is sP e e ia lly e s s e n tia l w he n the la s e r 15

e o n s 一d e r ed a s a to o l o f m a te r一a l Pr o e e s s一n g
.

T h e s t u d )
,

in g o f the R PE 15 a ls o im Po r ta n t fo r

e o n tr o llin g !a s e r p a ra m e te r s t o p ro d u e e m a te r ia l d a m a g e , n a n o p t im u m w a y
.

T he 月i
se o v e r y o f

rh e R PE m a y P r o v id e e n g in e e r s a n d se ie n t一s ts w ith a n ew m e th o d t o s tu d y the n o n a d ia b a ric

sh e之一r d e fo r m a tio n lo c a liz a rio n
.

T he P re se n t s t u d y e x P ]o r e s the e ha r a e te r ist ie s o f te m Pe r a tu re

d is tr 蔑b u tio n a n d 一ts d ePe n d e n e e o n la s e r in t e n sity
,

te m P o r a l a n d sPa tia l d 一st r ib u tio n o f Pu ls e

Ia s e r b e a l们
.

T he n e x t s e e tio n o u tlin e s the la s e r P a r a m e te rs u s ed in the e x Pe r im e n t
.

See t io n 111

o u tl一n e s a n a ly t一e a lly the so lu t一o n o f e o r re sPo n d ln g he a r
一

d iffu
sio n e q u a tio n

.

A PP ro P ria te

￡之‘le u la [ 一o n s o f the the r m a l Pr o nle s a n d s o m e d is e u s sio n s a re g 一v e n 一n d e ta il In Se e tio n IV
.

W e

e o n e lu d e In Se c t一o n V w l一h a s u m m a r y o f the d is rin g u ish ed fe a t u r e s o f the P r e s e n t s tu d y
.

11
.

L a s e r P a r a m e t e r s E m Plo y e d in T e s t

O t一r e x Pe r im e n ts o n th e R PE w a s e o n d u e ted by u sin g a m u lti
一

m o d e sin g le
一

Pu lse N d : G la s s

l: , 、e l
·

认 i一h the *
,

a v e le n g th 1
.

0 6 1‘In
.

T he in s t r u m e n t w a s in t ro d u e e d 一n 【9」 in d e ta il
.

‘

T he

d i、一9 11、、、t一e s 一n e lu d e ro u tin e m o n ito r一n g o f b e a m e h a r a e t e r is tie s
、

s u e h a s e n e r g y a n d tem Po r a l

乞一l d 卜p 之遥t一是11 sh是tP e s
.

T he tyP一c : 11 te ln P o r a l sha Pe sh o w n in Fig
.

1 w a s m e a s u re d b y PIN Ph o to e le e tr ie ee ll w ith

:一 e o 一
‘

一e、P o n d 一n g r e sPo n s e ti一n e le s s tha n 1
.

o n s
.

F r o m the fi g u r e o n e e a n s e e tha r la se r In te n sity

r 一s e s 一; , Pid l)
,

w 一h 一11 5 0 1‘s
一 r 一s in g t im e

,

a n d d e e a ys e x Po n e n r一a lly
.

T he fu ll w id th a t ha lf m a x im u m

‘「W H M ) o f Pt一ls e ]之一s e r 15 a b o u t 2 5 0 225
.

T he te m Po r a l sha Pe o f la s e r Pu lse sh o w s the

e11 :一: 一e te r i、z一e s ()I 一11 u iri
一

p u lse s eq u e n e e
.

Fo r the e o n ve n ie n e e o f the o re t ie a l a n a lys 一s
,

w e fi t the

te tll p ‘、r之遥1 sh之一p e w it ll a 一1 之一1 走zlytie a l fo r 一n u l之t

g (t ) = e 一 “ ‘

(l一 e 一
声‘)

w h o r e tl、e e‘)一ls t: 一n t 2 a n d 刀:、r e
,

re sp e e ti、e ly
.

1
.

5 X 10
Js ’ a n d 8

.

0 X 10
J s

la se l
‘

p o w e r p : 一n d 一ts e n e rg y E J e a n b e r e sp e e tiv e ly
,

e x p r e s s ed by

(2 一 )

a n d r tlm e
.

A n d th u s
,

I
’

= j
’m 。 、

g (t)
,

百 , = /
’m 。 、 2

.

2)



T e 一n Pe r a t u re Fie ld s o f the R e v e rs e 一

Plu g g in g L t
、

几e 一 9 15

w he re P栩 15 the m a x im u m Po w e r
.

M c ; 1 11 认 11ile
.

the sPa tia l d is t一ib u tio n o f la s e r b e a m w a s P r o b ed by c h :一rg e
一e o u Pled d e、

,

ie e

(C C D ) 、c 一1 、‘、r s 、、一 11 5 12 X 5 12 elem e n ts
.

T he C C D e a m e r a 15 a s e n s itiv c Pr o g ra m m a b le

in s t r u m e 川 w ith e lee t ro n ie d ig itlz e d re ad o u r e o n 一le e ted to a m ie ro e o 一11 Pu te r fO 一 e x a e t a n d fa s t

d a ta a eq u isitio n a n d ha n d lin g
.

In o rd e r to m a k e th e C C D s e n s o r s w o rk lin e a r ly
.

th e s o ft 认 a re

m o d u le m a k e it n ee essa ry tha t the ra t io o f m a x im u m Po w e r 一n te n sity l
· ‘、

to m 一rl ln l a l Po 认吧r

in te n sity 几
。

15 le ss th a n 5 0
.

0
.

It 15 su re th a t th e r ela tiv e e r ro r o f s一g n a l In e a s u r ed by the C C D

e a m er a 15 less tha n Z%
.

So lid
一 s ta te C C D d e v ie e s a re e a P :lb le o f In te g r a tio n : l一ld s to r a g e o f th e

d a ra
.

M o d e r n im a g in g C C D d e te eto r sys te m s o
ffe

r m a n y e x e itin g fe a tu r e s o f la s e l
’

b e u m fo r

o u r the o r e tie a l s t u d yin g the R PE
.

T he rw o a n d th re e d im e n s io n a l sh a Pe s o f t ll e s [、找t 一a l

d is tr ib u tio n a re
,

re sPe e t iv e ly
,

sh o w n in F ig
.

2 (a ) a n d (b )
.

T h e P ro n le o f lo s e r sPa t一a l

d istr ib u tio n 15 o f n o n 一

G a ssja n tyPe a n d ro u g hly u n ifo r m w ith in the la se r sP o t 之tn d d e e lin e s

v e ry r a Pid ly a r the ed g e o f Ia s e r b e a 一n
.

In o the r w o rd s
,

the sPa tia l d is t r lb u t一。一1 o f l之lse r 一5 o f

e ylin d ric a l tyPe
.

T h e eylin d r le a l fu n etio n 15 u s ed t o d ese r ib e the sPa tia l sha Pe o f the la s e r b e a ln

C( r
《

a

r > a

2
.

3 )
1八U

r

l
、

一一
、,尹

r了
‘、

.

矛
‘

w he re r 15 r ad ia l e o o rd in a te a n d
‘1 15 ra d iu s o f la se r sp o t

.

T he s p a tia l sh a p e o f G a t盆5 5 1: tn typ e

o f s in g le
一

m o d e la s er 一s

f (r ) = e x p [ 一 (r / a )
只

]
,

·

O < r < co 2
.

4 )

w he re a a ls o 一5 ra d iu s o f la s e r sPo t
.

1 11
.

T e m Pe r a t u r e F ie ld s

A
.

G o v e r n in g e q u a tio n s

In the p re s e n t s tu d y
.

w e m o d e l the te m p e ra tu re d is tr ib u tio n s o f 之注 c o n d u c t in g fi lm

su bj ee te d to d la se r Pu lse w irh d g ive n te m P o ra l a n d sPa tia l d is t r ib : :t io n s
.

F o u r a s s u m Pt lo n 、 ! : 1

the Pr esen t stu d y a re m a d e b e lo w :

(I) T he la s e r b e a m 一、 ta k e n a s s u r fa e e he a t s u PPly to the 行l一11
.

B e s id e s
.

t h e r e 15 n o o the r

he a t s u PPly to the fi lm
.

T he a s s u 一v一Ptio n 15 re a s o n a b le b e e 之一u se 一h e Ia s e 一 e l飞e r g y o 一飞1) d e P o s it s

o n the s u r fa c e a n d the d e P o sirin g d e Pth 15 o n th e o rd e 一 o f s e、
,

e ra ] 一n ic ro 一1 1 e te 一s 伪r 一: le t:一15 s L一e ll

a s a lu m in u m a n d e o PPe r
.

(2 ) T he n o n 一

ir r a d ia red s u r fa ee o f fi lm 15 the r m a lly ls o la te d
.

M e a n w h 一le
、

tll e Pl之ze e 认 ,

11 e r e

the r ad ia l eo o r a d ia te 一5 h re ta in s a 一n b ie n t te m Pe r a tu re 不
二

T h一5 a s s u m p rio 一1 一n a re he s c lo s e ly re 七11

sit u a tio n in sho r t tim e w he n the he a t e o n d u e t一o n d is ta n e e in the ra d ia l d ir e e t一p rl 1 5 一11 u e h

sho r te r tha n the la se r sPo t r a d iu s
.

(3 ) A 11 m a te r ia l Pa ra m e te rs a r e e o n s t:一n 竺
.

S tr ic tly sPe a k in g
,

a ll m a te 一ia l Pa l
·

a 一n e te z
一

5 s u eh

a s ther m a l d iffu
siv ity D

.

th er m a l e o n d u et iv ity 左 a n d re fl e e tiv it v R
。二 a r e te lll p e r a tLlre

一

d e p e n d e n t
.

c o n seq t一e n tly
.

tim e 一

d e Pe n d e n t
.

Fo r tu n :一te ly
.

the n l a te r ia l P a r a 一刀 e 一e r s 、a l
‘

y slo w l) 认
,

ltll

t em p e ra t u r e T if th e r e 15 n o Pha s e tr a :lsfo r m a t io 一1
.

W he n th e l之粗s e r 一l te ll5 一t)
’

一5 n o t to o 11 19 11
.

s a yin g be rw e e n 10 5

一 10
‘’

w e m 卫
.

the r e 15 n o s o lid
一
to

一

liq u id p lla s e t ra n sfo rn la tio n d u r 一n g th e la se r

ir r ad ia tio n
.

T he d e te rm in a tio n o f re n e e t: vity R
.

15 v e r y d 一ffi e u lt
.

T h e a c t u ra l d e Pe lld e一: e c o t
’

R
,

o n m 之一te ria l Pa ra m e te rs a n d Ia s e r Pa r a m e te r s w o u ld b e d e te r i一n in ed b o 一11 e x Pe r i一11 e n 一之一11乡 :一11d

the o r e t一c a lly
.
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(4 ) 1 Il e 一、r o b le lll 一5 s ttld ie d in a s ta t一e e o o r d in a te sys te 一1 1 a n d tlle te lllPe r 、ltu 一e a n d
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