
Fabrication of micrometer-sized conical field emitters
using femtosecond laser-assisted etching of silicon

Jim Carey
Catherine Crouch
Rebecca Younkin

Mike Sheehy
Li Zhao

Eric Mazur

CLEO 2001
Baltimore, 11 May 2001



Outline

Background

Results

Discussion



irradiate with 100-fs 10 kJ/m2 pulses

Background

Si (111)

SF6













SLIDE HEADING

metal vacuum

EF

φ

Field emission



SLIDE HEADING

metal vacuum

EF

φ

Field emission



SLIDE HEADING

metal vacuum

EF

φ

Field emission



SLIDE HEADING

metal vacuum

EF

φ

e 
–

Field emission



SLIDE HEADING

semiconductor vacuum

VB

CB

EF

φ

Eg

Field emission



SLIDE HEADING

semiconductor vacuum

VB

CB

EF

φ

Eg

Field emission



SLIDE HEADING

semiconductor vacuum

VB

CB

EF

e 
–

φ

Eg

Field emission



SLIDE HEADING

semiconductor vacuum

VB

CB

EF

e 
–

Field emission



SLIDE HEADING

semiconductor vacuum

VB

CB

EF

e 
–

e 
–

Field emission



�V 2
Iln

�V
1

R.H. Fowler and L. Nordheim, Proc. R. Soc. Lond. A (1928)

Field emission

ln 
I

�V2 = ln a – b
1

�V



SLIDE HEADINGSetup



SLIDE HEADING

gold coating

Setup



SLIDE HEADING

gold coating

20 µm mica spacers

Setup



SLIDE HEADING

gold coating

anode

Setup



SLIDE HEADING

gold coating

anode

A

V

1 MΩ

Setup



potential difference (V)

cu
rr

en
t (

µA
)

0 20 40 60 80 100

30

20

10

0

Results



potential difference (V)

cu
rr

en
t (

µA
)

0 20 40 60 80 100

30

20

10

0

turn-on field (1 µA/cm2): 1.3 V/µm

Results



potential difference (V)

cu
rr

en
t (

µA
)

0 20 40 60 80 100

30

20

10

0

threshold field (10 µA/cm2): 2.15 V/µm

Results



1/�V (kV–1)

I/�
V

 2

0 10 20 30 40

10–19

10–20

10–21

10–22

10–23

Results



potential difference (V)

cu
rr

en
t (

µA
)

0 20 40 60 80 100

30

20

10

0

Results



potential difference (V)

cu
rr

en
t (

m
A

)

0 400 800 1200

1.6

1.2

0.8

0.4

0

Results



potential difference (V)

cu
rr

en
t (

m
A

)

0 400 800 1200

1.6

1.2

0.8

0.4

0

Results



potential difference (V)

cu
rr

en
t (

m
A

)

0 400 800 1200

1.6

1.2

0.8

0.4

0

maximum current: 2 mA (4 mm2 sample)

Results



1/�V (kV–1)

I/�
V

 2

0 10 20 30 40

10–19

10–20

10–21

10–22

10–23

Results



1/�V (kV–1)

I/�
V

 2

0 10 20 30 40

10–19

10–20

10–21

10–22

10–23

Results



Discussion

Secondary ion mass spectrometry:

1020 cm–3 sulfur

1017 cm–3 fluorine



CB

VB

Discussion

sulfur introduces states in the gap



CB

VB

0.614 eV

0.371 eV
0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Janzén, et al., Phys. Rev. B 29,1907 (1984)

Discussion

sulfur introduces states in the gap



CB

VB

0.614 eV

0.371 eV
0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Discussion

states broaden into a band
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sulfur band provides additional electrons
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Microstructured silicon

fabricated by simple, maskless process

can be integrated with microelectronics

provides stable, high field-emission current

is durable

Summary
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