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o
ster w

ith
 a 3:4 asp
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o
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u
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ts in
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d
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o
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n
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m
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o
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o
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u
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u

r n
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u
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o
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m
m

an
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r b
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u
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p
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b
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lts, all grap
h

ic elem
en

ts 
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o
u

ld
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al p
rin
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p

h
o
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ally lo
o
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e u

p
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8“-10” w

id
e o

n
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u
r p

rin
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o

ster.

To
 p
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 th

e p
rin

t q
u

ality o
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agn
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h
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 p

review
in
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u

r p
o
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u
 a go

o
d
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ea o

f 
w

h
at it w

ill lo
o

k like in
 p

rin
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u
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u
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o
ster an
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u
sin
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en
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n

s, b
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 p
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u
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h
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see th
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 at th
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al p

rin
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te th
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h
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 as th
e lo
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 o
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u
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r u
n

iversity's h
o
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e d
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Sim
u

latio
n

s o
f laser ab

latio
n

 o
n

 an
 alu

m
in

u
m

 lattice in
 a 
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u

m
 are created

 u
sin

g Large-Scale A
to

m
ic/M

o
lecu

lar 
M

assively Parallel Sim
u

lato
r (LA

M
M

PS) an
d

 its ttm
/m

o
d

 
fix.Sin

gle p
u

lsed
 laser ab

latio
n

 w
ith

 n
an

o
seco

n
d

 an
d

 
fem

to
seco

n
d

 lasers w
ere sim

u
lated

 an
d

 th
e ab

latio
n

 
b

eh
avio

r b
etw

een
 th
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o

 w
ere co

m
p

ared
. Th

e ab
latio

n
 

th
resh

o
ld

 o
n
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e o

rd
er o

f .1J/cm
2 w

as su
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lly 
rep

ro
d

u
ced

 in
 th

e sim
u

latio
n

s an
d

 co
ld

 ab
latio

n
 w

as 
o

b
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. O
n

 th
e n

an
o

seco
n

d
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ain
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re an

d
 n

o
 ab

latio
n

 w
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b
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o
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th
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o
ld

 o
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g h
o
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n
 to

 b
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e 
d

o
m
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g p
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o
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n

d
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u
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n
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o
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M
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 to
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en
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n
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b
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o
d

eled
 as a “gas” o

n
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g th
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e en
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 electro
n

ic an
d
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b
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in
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is versio

n
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 is th
e electro

n
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p
p
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g co

u
p
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n
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p
p
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n
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u
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 d
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u
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n
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so
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d
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 d
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th
 w

h
ich
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en
d

en
t o

n
 th

e w
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gth
 o

f th
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r th
e A
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e  w
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 b
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ear w
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e  w
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m
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n
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n
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u
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 b
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u
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 b
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w
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n
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h
o
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o
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lated
 to

 b
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u
n
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as taken
 to

 b
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n
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*C
e *T
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d
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 b
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m

(A
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u
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n
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o
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as co
n
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y 80 A
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 th

e m
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d
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d
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y 3 b
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n
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n
d
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V
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b
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V
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e ttm
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p
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u
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n
s w
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ran
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f w

h
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ere d

o
n
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n
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d
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n
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o
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n

d
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n

d
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u
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m
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 flu
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2. Th
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o
seco

n
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u
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u
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n
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m
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en

ce o
f 5.2 J/cm

2

A
t a flu

en
ce o

f .01 J/cm
2, n

o
 ab
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n
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as o

b
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. A
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.1 J/cm
2 h

o
w

ever, ab
latio

n
 w

as o
b
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g 
exp

erim
en

tal d
ata fo

r th
e ab

latio
n
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o
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 o
f A

l. Th
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ab
latio

n
 o

ccu
rred

 w
h

ile th
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d
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n
s 

n
o

n
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u
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p
lyin

g co
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latio

n
 is th

e d
o

m
in

an
t 

p
ro

cess in
 laser ab
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n

. O
n

 th
e n

an
o

seco
n

d
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u
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n

, n
o
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latio

n
 b
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r w
as o

b
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 an
d

 th
e 
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n
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u

ed
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eat u

p
 an

d
 average aro

u
n

d
 1100 K 

10 p
s after th

e start o
f th

e p
u

lse, w
h

ile th
e electro

n
s 

w
ere at aro

u
n

d
 1900 K. A

lth
o

u
gh

 th
e fu

ll p
u

lse co
u

ld
 

n
o

t b
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u
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 d
u

e to
 co

m
p

u
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n
al co

n
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ts, th
e 

d
ata su

ggests ab
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n
 w

o
u

ld
 n

o
t h
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 a 
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gle p
u

lse an
d

 m
u

ltip
le p

u
lses w

o
u

ld
 b

e n
eed

ed
 to

 
en

gage in
 h

o
t ab

latio
n

. In
 th

e fu
tu

re w
ith

 m
o

re 
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m
p

u
tin

g p
o

w
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o
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 d
ep
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 sim

u
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n
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e 
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 an
d
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o
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n

 d
ep

th
. 
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n

 1. G
en

eric TTM
 M

o
d

el

Laser ab
latio

n
 is a p

ro
cess b

y w
h

ich
 o

n
e rem

o
ves 

m
aterial fro

m
 th

e su
rface o

f a so
lid

 b
y irrad

iatin
g it w

ith
 

a laser b
eam

. B
y u

sin
g a p

u
lsed

 laser b
eam

, as o
p

p
o

sed
 

to
 a co

n
tin

u
o

u
s laser b

eam
, w

e can
 p

ro
d

u
ce th

e p
eak 

p
o

w
er n

eed
ed

 to
 irrad

iate th
e m

aterial.

C
o

ld
 ab

latio
n

 is a p
ro

cess w
h

ere th
e fu

ll en
ergy o

f th
e 

laser p
u

lse is d
ep

o
sited

 to
 th

e electro
n

s b
efo

re th
e 

electro
n

s can
 relax an

d
 eq

u
ilib

rate w
ith

 th
e lattice, th

u
s 

a large am
o

u
n

t o
f en

ergy is tran
sferred

 to
 th

e lattice 
su

d
d

en
ly, cau

sin
g an

 exp
lo

sio
n

. H
o

t ab
latio

n
 o

ccu
rs 

w
h

en
 th

e p
u

lse d
u

ratio
n

 is less th
an

 th
e relaxatio

n
 tim

e 
an

d
 so

 th
e electro

n
s can

 eq
u

ilib
rate w

ith
 th

e lattice, 
cau

sin
g h

eatin
g an

d
 th

u
s lead

in
g to

 vap
o

rizatio
n

.
Th

eo
retical w

o
rks in

to
 laser ab

latio
n

 in
vo

lve th
e 

tw
o

-tem
p

eratu
re m

o
d

el (TTM
) w

h
ich

 d
escrib

es 
n

o
n

-eq
u

ilib
rated

 states o
f th

e electro
n

ic an
d

 lattice 
su

b
system

s. Th
e en

ergy tran
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o
rt b

etw
een

 th
e system

s 
is d

escrib
ed

 b
y a m

o
d

ified
 h

eat d
iffu

sio
n

 eq
u

atio
n

 :          

C
e  is th

e electro
n

ic h
eat cap

acity, K
e  is th

e electro
n

ic 
th

erm
al co

n
d

u
ctivity, G

 is th
e electro

n
-p

h
o

n
o

n
 co

u
p

lin
g 

facto
r,  S is an

 ad
d

ed
 so

u
rce term

 d
escrib

in
g en

ergy 
d

ep
o

sited
 b

y th
e laser p

u
lse, an

d
 T

e is th
e electro

n
ic 

tem
p

eratu
re.
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o
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Eq
u

atio
n

 3. R
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n
 Tim

e 

Figu
re 10-12.  A

l lattice after 2 p
s (10), 7p

s  after (11) an
d

 10 p
s after (12)

Figu
re 7-9. A

l lattice after co
m

p
letio

n
 o

f 100 fs laser p
u

lse (7), 900 fs 
after (8) an

d
 1900 fs after (9)
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