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(54) ORGANIC FIELD IONIZATION SOURCE (57) ABSTRACT 
An organic ?eld ionization source is provided including an 
ionization needle, an extraction electrode, a voltage source, 
and a heated reservoir. The ioniZation needle de?nes a tip. 
The extraction electrode de?nes an extraction aperture 
therein and the extraction electrode is positioned such that 
the extraction aperture is disposed proximate the tip of the 
ioniZation needle. The voltage source is arranged to maintain 
the tip of the ioniZation needle at a high potential relative to 
the extraction electrode. The heated reservoir contains an 
organic ion source material therein in contact With the 
ioniZation needle. The heated reservoir is arranged to main 
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ORGANIC FIELD IONIZATION SOURCE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to ion beam devices 
and, more particularly, to a ?eld ionization source that is 
specially con?gured to minimize contamination of an ion 
beam target. 

[0002] Liquid metal ion guns are used routinely to gener 
ate focused ion beams for analysis of a substrate. Liquid 
metal ion sources are typically very bright and are Well 
suited for applications requiring sharp focus of the ion beam 
and maintenance of a suitable ion ?uence. Typically, the ion 
?uence of a liquid metal ion gun is of the same order as that 
of a ?eld emission source of a conventional scanning 
electron microscope. HoWever, liquid metal ion guns typi 
cally use gallium, indium, or gold. 

[0003] The present invention embodies the recognition 
that gallium, indium, gold, and other conventional materials 
are not Well suited for all ion source applications. For 
example, Where an ion beam is to be used to analyZe a 
semiconductor target, the use of gallium, indium, or gold as 
a sputter ion source material may lead to unacceptable 
contamination of the substrate. Accordingly, there is a need 
for a ?eld ioniZation source that does not embody the 
disadvantages of the conventional types of ion sources, 
particularly in the context of focused ion beam defect 
analysis systems. 

BRIEF SUMMARY OF THE INVENTION 

[0004] This need is met by the present invention Wherein 
an organic ?eld ioniZation source is provided and is arranged 
to be suitable for use in focused ion beam defect analysis 
systems. 

[0005] In accordance With one embodiment of the present 
invention, an organic ?eld ioniZation source is provided 
comprising: an ioniZation needle, an extraction electrode, a 
voltage source, and a heated reservoir. The ioniZation needle 
de?nes a tip. The extraction electrode de?nes an extraction 
aperture therein and is positioned such that the extraction 
aperture is disposed proximate the tip of the ioniZation 
needle. The voltage source is arranged to maintain the tip of 
the ioniZation needle at a high potential relative to the 
extraction electrode. The heated reservoir contains an 
organic ion source material therein in contact With the 
ioniZation needle. The heated reservoir is arranged to main 
tain a temperature of the organic ion source material at a 
magnitude suf?cient to encourage capillary How of the 
organic ion source material from the heated reservoir along 
the ioniZation needle to the tip of the needle. The high 
potential, the extraction electrode, the tip of the ioniZation 
needle, and the organic ion source material are selected and 
arranged such that the organic material is ioniZed at the tip 
of the needle and such that organic ions are draWn through 
the extraction aperture from the tip of the needle. 

[0006] The organic ion source material preferably com 
prises coronene, phenylalanine, a vacuum grease, a diffusion 
pump oil, or another organic material With a boiling point of 
at least from about 250° C. to about 450° C. 

[0007] In accordance With another embodiment of the 
present invention, a focused ion beam defect analysis system 
is provided comprising an organic ?eld ioniZation source, a 
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target, and an electrode assembly. The organic ?eld ioniZa 
tion source comprises an ioniZation needle, an extraction 
electrode, a voltage source, and a heated reservoir. The 
ioniZation needle de?nes a tip. The extraction electrode 
de?nes an extraction aperture therein and is positioned such 
that the extraction aperture is disposed proximate the tip of 
the ioniZation needle. The voltage source is arranged to 
maintain the tip of the ioniZation needle at a high potential 
relative to the extraction electrode. The heated reservoir 
contains an organic ion source material therein in contact 
With the ioniZation needle and is arranged to maintain a 
temperature of the organic ion source material at a magni 
tude suf?cient to encourage capillary How of the organic ion 
source material from the heated reservoir along the ioniZa 
tion needle to the tip of the needle. The high potential, the 
extraction electrode, the tip of the ioniZation needle, and the 
organic ion source material are selected and arranged such 
that the organic material is ioniZed at the tip of the needle 
and such that organic ions are draWn through the extraction 
aperture from the tip of the needle. The target is subject to 
analysis by the organic ions and the electrode assembly is 
arranged along the path of the ions and is con?gured to 
direct the organic ions to the target. 

[0008] The organic ions may comprise fragments of the 
organic ion source material and the electrode assembly may 
include a ?lter arranged to cause selected ones of the 
fragments to be directed aWay from the target. The ?lter may 
comprise a Wein ?lter, a magnetic sector, or a time-of-?ight 
system. The electrode assembly may include an ion accel 
erating electrode, an ion beam focusing electrode, ion beam 
scanning electrode, and a ion beam de?ecting electrode. 

[0009] In accordance With yet another embodiment of the 
present invention, a focused ion beam defect analysis system 
is provided comprising an organic ?eld ioniZation source, a 
target, an electrode assembly, and a particle analyZer. The 
organic ?eld ioniZation source is arranged to ioniZe organic 
ion source material. The electrode assembly is arranged 
along the path of the ions and is con?gured to direct the 
organic ions to the target. The target is subject to analysis by 
the organic ions and the particle analyZer is arranged to 
detect particles ejected from the target in response to the 
incidence of the organic ions on the target. 

[0010] Accordingly, it is an object of the present invention 
to provide a ?eld ioniZation source that is specially con?g 
ured to minimiZe contamination of an ion beam target so as 
to be suitable for use in focused ion beam defect analysis 
systems, focused ion beam milling systems, or other types of 
focused ion beam systems. Other objects of the present 
invention Will be apparent in light of the description of the 
invention embodied herein. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0011] The folloWing detailed description of the preferred 
embodiments of the present invention can be best under 
stood When read in conjunction With the folloWing draWings, 
Where like structure is indicated With like reference numer 
als and in Which: 

[0012] FIG. 1 is a schematic illustration of a focused ion 
beam defect analysis system including an organic ?eld 
ioniZation source according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0013] Referring noW to FIG. 1, a focused ion beam 
defect analysis system 10 and an organic ?eld ionization 
source 20 according to the present invention is illustrated in 
detail. As Will be appreciated by those practicing the present 
invention, the organic ?eld ioniZation source 20 is arranged 
to operate in a vacuum. The focused ion beam defect 
analysis system 10 comprises the organic ?eld ioniZation 
source 20, a target 40 subject to analysis, an electrode 
assembly 50, and a particle analyZer 60. The organic ?eld 
ioniZation source 20 includes an ioniZation needle 22 de?n 
ing a tip 26. The ioniZation source 20 further includes an 
extraction electrode assembly 28 incorporating an extractor 
30 and a suppressor 32, each de?ning an extraction aperture 
34 therein. Additionally, the ioniZation source 20 includes a 
voltage source 36 and a heated reservoir 38 containing an 
organic ion source material therein. 

[0014] The extraction electrode assembly 28 is positioned 
such that the extraction aperture 34 is disposed proximate 
the tip 26 of the ioniZation needle 22. The voltage source 36 
is arranged to maintain the ioniZation needle 22 and, more 
particularly, the tip 26 of the ioniZation needle 22, at a high 
positive potential relative to the extraction electrode assem 
bly 28. 

[0015] The heated reservoir 38 contains the organic ion 
source material in contact With the ioniZation needle 22 and 
is arranged to maintain the temperature of the organic ion 
source material at a magnitude suf?cient to encourage cap 
illary How of the organic ion source material from the heated 
reservoir 38 along the ioniZation needle 22 to the tip 26 of 
the needle 22. The magnitude of the high potential and the 
relative positions of the extraction electrode assembly 28, 
the extraction aperture 34 and the tip of the ioniZation needle 
22 are selected such that the organic ion source material is 
ioniZed at the tip of 26 of the needle 22 and such that organic 
ions are draWn through the extraction aperture 34 from the 
tip 26 of the needle 22. The speci?c selection and arrange 
ment of these elements and the speci?c operating parameters 
utiliZed according to the present invention Will vary depend 
ing on the design preferences of those practicing the present 
invention and the nature of the organic ion source material 
utiliZed. It is noted that a suitable voltage source 36 Will be 
capable of generating a potential difference of about 1000 V 
to about 50,000 V betWeen the ioniZation needle 22 and the 
extraction electrode assembly 28. The spacing betWeen the 
tip 26 of the needle 22 and the extraction aperture 34 is 
typically about 0.1 mm to about 5.0 mm. The temperature 
imposed upon the organic ion source material by the heated 
reservoir 38 is selected to be suf?cient to place the material 
in a loW viscosity liquid phase. It is contemplated by the 
present invention that suitable operating parameters may be 
determined Without undue experimentation by those of 
ordinary skill in the art of focused ion beam generation. Any 
one of a number of commercially available reservoir and 
needle arrangements may be suitable for use in the present 
invention. For example, a suitable heated reservoir 38 and 
needle 22 arrangement is available as a tWo lens ion column 
from the FEI Company of Hillsboro, Oreg. under the prod 
uct identi?er 2LI. 

[0016] The target 40 typically comprises a semiconductor 
substrate but may comprise any substrate suitable for analy 
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sis by organic ions. According to one embodiment of the 
present invention, the organic ions draWn through the extrac 
tion aperture 34 and focused by the electrode assembly 50 
cause ejection of particles from the target 40. The particle 
analyZer 60 is arranged to detect the ejected particles and 
provide an output indicative of the nature of the ejected 
particles. This output is utiliZed to characteriZe and analyZe 
the target 40. 

[0017] The electrode assembly 50 is arranged along the 
path of the organic ions draWn through the extraction 
aperture 34 and is con?gured to direct the organic ions to the 
target 40. The speci?c nature and design of the electrode 
assembly 50 is beyond the scope of the present invention. 
HoWever, it is noted that the design of the electrode assem 
bly 50 may be derived or taken directly from existing 
focused ion beam system designs. In fact, it is noted that the 
organic ?eld ioniZation source 20 may be employed in a 
commercially available focused ion beam system, such as a 
tWo lens ion column available from the FEI Company of 
Hillsboro, Oreg. under the product identi?er the FEI Com 
pany of Hillsboro, Oreg. under the product identi?er 2LI. 

[0018] Typically, the organic ions draWn through the 
extraction aperture 34 comprise fragments of the organic ion 
source material. In Which case, the electrode assembly 50 
may include a ?lter, e.g., a Wein ?lter, a magnetic sector, or 
time-of-?ight device, arranged to cause selected ones of the 
fragments to be directed aWay from the target 40. The 
electrode assembly 50 also typically includes an ion accel 
erating electrode, an ion beam focusing electrode, an ion 
beam scanning electrode, and ion beam de?ecting electrode 
to enhance and direct the incidence of organic ions on the 
target 40. 

[0019] Suitable organic ion source materials comprises 
coronene, phenylalanine, or any one of a number of vacuum 
greases or diffusion pump oils. Preferably, the organic ion 
source material comprises an organic material With a boiling 
point of at least about 250° C. to about 450° C. These types 
of organic materials are particularly Well-suited for used in 
focused ion beam defect analysis systems because they are 
less likely that conventional liquid metal ion sources to 
cause deleterious contamination of the target under exami 
nation. 

[0020] Having described the invention in detail and by 
reference to preferred embodiments thereof, it Will be appar 
ent that modi?cations and variations are possible Without 
departing from the scope of the invention de?ned in the 
appended claims. 

What is claimed is: 
1. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing an organic ion source mate 
rial therein in contact With said ioniZation needle, said 
heated reservoir being arranged to maintain a tempera 
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ture of said organic ion source material at a magnitude 
suf?cient to encourage capillary How of said organic 
ion source material from said heated reservoir along 
said ioniZation needle to said tip of said needle, Wherein 
said high potential, said extraction electrode, said tip of 
said ioniZation needle, and said organic ion source 
material are selected and arranged such that said 
organic material is ioniZed at said tip of said needle and 
such that organic ions are draWn through said extrac 
tion aperture from said tip of said needle. 

2. An organic ?eld ioniZation source as claimed in claim 
1 Wherein said organic ions comprise fragments of said 
organic ion source material. 

3. An organic ?eld ioniZation source as claimed in claim 
1 Wherein said voltage source is arranged such that said of 
said ioniZation needle is maintained at a high positive 
potential relative to said extraction electrode. 

4. An organic ?eld ioniZation source as claimed in claim 
1 Wherein said organic ?eld ioniZation source is arranged to 
operate in a vacuum. 

5. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing coronene therein in contact 
With said ioniZation needle, said heated reservoir being 
arranged to maintain a temperature of said coronene at 
a magnitude suf?cient to encourage capillary How of 
said coronene from said heated reservoir along said 
ioniZation needle to said tip of said needle, Wherein said 
high potential, said extraction electrode, said tip of said 
ioniZation needle, and said coronene are selected and 
arranged such that said organic material is ioniZed at 
said tip of said needle and such that organic ions are 
draWn through said extraction aperture from said tip of 
said needle. 

6. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing phenylalanine therein in 
contact With said ioniZation needle, said heated reser 
voir being arranged to maintain a temperature of said 
phenylalanine at a magnitude sufficient to encourage 
capillary How of said phenylalanine from said heated 
reservoir along said ioniZation needle to said tip of said 
needle, Wherein said high potential, said extraction 
electrode, said tip of said ioniZation needle, and said 
phenylalanine are selected and arranged such that said 
organic material is ioniZed at said tip of said needle and 
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such that organic ions are draWn through said extrac 
tion aperture from said tip of said needle. 

7. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing a vacuum grease therein in 
contact With said ioniZation needle, said heated reser 
voir being arranged to maintain a temperature of said 
vacuum grease at a magnitude suf?cient to encourage 
capillary How of said vacuum grease from said heated 
reservoir along said ioniZation needle to said tip of said 
needle, Wherein said high potential, said extraction 
electrode, said tip of said ioniZation needle, and said 
vacuum grease are selected and arranged such that said 
organic material is ioniZed at said tip of said needle and 
such that organic ions are draWn through said extrac 
tion aperture from said tip of said needle. 

8. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing a diffusion pump oil therein 
in contact With said ioniZation needle, said heated 
reservoir being arranged to maintain a temperature of 
said diffusion pump oil at a magnitude sufficient to 
encourage capillary How of said diffusion pump oil 
from said heated reservoir along said ioniZation needle 
to said tip of said needle, Wherein said high potential, 
said extraction electrode, said tip of said ioniZation 
needle, and said diffusion pump oil are selected and 
arranged such that said organic material is ioniZed at 
said tip of said needle and such that organic ions are 
draWn through said extraction aperture from said tip of 
said needle. 

9. An organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip; 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is positioned 
such that said extraction aperture is disposed proximate 
said tip of said ioniZation needle; 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode; and 

a heated reservoir containing an organic ion source mate 
rial therein, Wherein 
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said organic ion source material is characterized by a 
boiling point of at least about 250° C. to about 450° 
C., 

said heated reservoir is arranged such that said organic 
ion source material is in contact With said ioniZation 
needle and such that a temperature of said organic 
ion source material is maintained at a magnitude 
suf?cient to encourage capillary How of said organic 
ion source material from said heated reservoir along 
said ioniZation needle to said tip of said needle, and 

said high potential, said extraction electrode, said tip of 
said ioniZation needle, and said organic ion source 
material are selected and arranged such that said 
organic material is ioniZed at said tip of said needle 
and such that organic ions are draWn through said 
extraction aperture from said tip of said needle. 

10. A focused ion beam system comprising: 

an organic ?eld ioniZation source comprising: 

an ioniZation needle de?ning a tip, 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is posi 
tioned such that said extraction aperture is disposed 
proxirnate said tip of said ioniZation needle, 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode, and 

a heated reservoir containing an organic ion source 
material therein in contact With said ioniZation 
needle, said heated reservoir being arranged to main 
tain a temperature of said organic ion source material 
at a magnitude suf?cient to encourage capillary How 
of said organic ion source material from said heated 
reservoir along said ioniZation needle to said tip of 
said needle, Wherein said high potential, said extrac 
tion electrode, said tip of said ioniZation needle, and 
said organic ion source material are selected and 
arranged such that said organic material is ioniZed at 
said tip of said needle and such that organic ions are 
draWn through said extraction aperture from said tip 
of said needle; 

a target subject to analysis by said organic ions; and 

an electrode assembly arranged along the path of said ions 
and con?gured to direct said organic ions to said target. 

11. A focused ion beam system as claimed in claim 10 
Wherein said organic ions cornprise fragments of said 
organic ion source material and Wherein said electrode 
assembly includes a ?lter arranged to cause selected ones of 
said fragments to be directed away from said target. 

12. A focused ion beam as claimed in claim 11 Wherein 
said ?lter comprises a Wein ?lter, a magnetic sector, or a 
tirne-of-?ight apparatus. 

13. A focused ion beam system as claimed in claim 10 
Wherein said electrode assembly includes an ion accelerating 
electrode. 

14. A focused ion beam system as claimed in claim 10 
Wherein said electrode assembly includes an ion beam 
focusing electrode. 
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15. A focused ion beam system as claimed in claim 10 
Wherein said electrode assembly includes an ion beam 
scanning electrode. 

16. A focused ion beam system as claimed in claim 10 
Wherein said electrode assembly includes an ion beam 
de?ecting electrode. 

17. A focused ion beam system as claimed in claim 10 
Wherein said organic ion source material comprises coro 
nene. 

18. A focused ion beam system as claimed in claim 10 
Wherein said organic ion source material comprises pheny 
lalanine. 

19. A focused ion beam system as claimed in claim 10 
Wherein said organic ion source material comprises a 
vacuum grease. 

20. A focused ion beam system as claimed in claim 10 
Wherein said organic ion source material comprises a diffu 
sion purnp oil. 

21. A focused ion beam system as claimed in claim 10 
Wherein said organic ion source material comprises an 
organic material With a boiling point of at least about 250° 
C. to about 450° C. 

22. A focused ion beam target surface analysis system 
comprising: 

an organic ?eld ioniZation source comprising 

an ioniZation needle de?ning a tip, 

an extraction electrode de?ning an extraction aperture 
therein, Wherein said extraction electrode is posi 
tioned such that said extraction aperture is disposed 
proxirnate said tip of said ioniZation needle, 

a voltage source arranged to maintain said tip of said 
ioniZation needle at a high potential relative to said 
extraction electrode, 

a heated reservoir containing an organic ion source 
material therein in contact With said ioniZation 
needle, said heated reservoir being arranged to main 
tain a temperature of said organic ion source material 
at a magnitude suf?cient to encourage capillary How 
of said organic ion source material from said heated 
reservoir along said ioniZation needle to said tip of 
said needle, Wherein said high potential, said extrac 
tion electrode, said tip of said ioniZation needle, and 
said organic ion source material are selected and 
arranged such that said organic material is ioniZed at 
said tip of said needle and such that organic ions are 
draWn through said extraction aperture from said tip 
of said needle; 

a target subject to analysis by said organic ions; 

an electrode assembly arranged along the path of said ions 
and con?gured to direct said organic ions to said target 
such that said organic ions cause ejection of particles 
from said target; and 

a particle analyZer arranged to detect said ejected par 
ticles. 


