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Number of pulses per burst 

The ablation efficiency has maxima at specific laser fluence values. The fluence values were found to be 

dependent on the pulse number in the burst, but almost independent on the pulse duration (Fig. 1). The 

highest efficiency was measured for 3 pulses in the burst for all pulse durations. The increase in the ablation 

efficiency comparing to the single-pulse regime was from 11 to 20 %, depending on pulse duration. The shift 

of the curves to lower fluence is evident with increasing the number of pulses in the burst. 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 210 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 300 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 400 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 500 fs

 



2 
 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 600 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 700 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 800 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b

la
ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 900 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 1 ps

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b

la
ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 2 ps

 



3 
 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 5 ps

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

A
b
la

ti
o

n
 e

ff
ic

ie
n

c
y
 (


m
3
/

J
)

Pulse fluence (J/cm
2
)

Pulses per burst 10 ps

 
Fig. 1. Ablation efficiency versus peak pulse fluence for various numbers of pulses per burst and different 

pulse durations. The laser fluence was changed by increasing the beam size. The laser wavelength 

λ = 1030 nm, burst repetition rate fB = 300 kHz, intra-burst repetition rate fP = 64.5 MHz, beam scanning 

speed v = 1 m/s. 

Surface roughness 

The surface roughness on the bottom of the cavities was lowest at laser fluences in the same range, which 

was found for the highest ablation efficiency, of 1-3 J/cm2 (Fig. 2). 

0.1 1 10

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 210 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 300 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 400 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 500 fs

 



4 
 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 600 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 700 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u
rf

a
c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 800 fs

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u

rf
a

c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 900 fs

 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u
rf

a
c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 1 ps

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u
rf

a
c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 2 ps

 



5 
 

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u
rf

a
c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 5 ps

0.1 1 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

 1

 2

 3

 4

 5

 6

 10

 20

 30

 40

S
u
rf

a
c
e

 r
o

u
g

h
n

e
s
s
 (


m
)

Pulse fluence (J/cm
2
)

Pulses per burst 10 ps

 

Fig. 2 Surface roughness on the bottom of the cavity versus peak pulse fluence for various numbers of pulses 

per burst and various pulse durations. The laser wavelength λ = 1030 nm, burst repetition rate fB = 300 kHz, 

intra-burst repetition rate fP = 64.5 MHz, beam scanning speed v = 1 m/s. 

 


