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ABSTRACT 

A specimen-exchange device is described for an ultra-high vacuum field-ion 

microscope (FIM). This device completely eliminates the long pump-down period 

that is required if the FIM chamber is brought back to atmospheric pressure. 

The pressure in an air-lock is reduced to 10 Torr before the exchange takes 
-7 place and the pressure in the FIM chamber remains below 10 Torr during the 

-9 exchange and it drops to less than 3x10 Torr within 15 minutes after the exchange. 
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1. INTRODUCTION 

The time-of-flight (TOF) atom-probe field-ion microscope (FIM) makes it 

possible to measure the mass-to-charge (m/n) ratio of an individual atom which has 

been pulse field-evaporated from the surface of an FIM specimen. This instrument 

was first described by Muller, Panitz and McLane and subsequently developed by 
2 Muller and co-workers as an extension of the FIM. Thus it is now possible to 

combine the microstructural information, obtainable by the pulse field-evaporation of 

successive atomic layers, with a simultaneous chemical analysis, on an atom-by-atom 

basis, of the bulk of an FIM specimen. The major applications of the atom-probe, 

to date, have been to metallurgical problems involving precipitation by Brenner 

and co-workers and Turner and co-workers 

We have recently developed an ultra-high vacuum atom-probe FIM for the specific 

purpose of studying the interaction of impurity atoms (or alloying elements) with 

lattice defects such as vacancies, self-interstitial atoms, dislocations, grain 

boundaries and voids; this work has been reported in detail elsewhere ~ . Our 

atom-probe has a number of unique features which makes it ideally suited for the 

study of defects and defect interactions. These features are: (l) a variable 

magnification internal image-intensification system; (2). a liquid-helium cooled 

goniometer stage; (3) a differentially-pumped low-energy (<3 keV) gas-ion gun for the 

in-situ irradiation of specimens; (U) an ultra-high vacuum.(3x10 Torr) FIM 

chamber; (5) a high vacuum (=10 Torr) specimen-exchange device; (6) a Chevron 

ion-detector; and (7) an eight-channel digital timer with a ±10 nsec resolution 
lU for measuring the TOFs-

One of the major limitations of the atom probe,in the past, has been the 

problem of changing specimens. Prior to the construction of the specimen-exchange 

device it was necessary to bring the entire atom-probe FIM up to atmospheric pressure 

to insert a new specimen in the goniometer stage. This cumbersome process meant that 
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typically only one specimen per day could be examined. To correct this situation 

we have designed and constructed a simple specimen-exchange device; this device is 

described in the present paper. 

2. THE SPECIMEN-EXCHANGE DEVICE 

Figure 1 shows an FIM specimen mounted in its copper specimen holder; the 

latter, in turn, is mounted in a.goniometer stage which is attached to a liquid-

helium cryostat via a gold braid. A detailed schematic diagram of the goniometer 
12 

stage can be seen in Figure 2 of Hall et al. The purpose of the specimen-
exchange device is to remove (or insert) the copper specimen holder from (into) 
the goniometer stage while maintaining the ultra-high vacuum FIM chamber at as low 
a pressure as is possible and while keeping the liquid-helium cooled goniometer at 
cryogenic temperatures. 

The exchange of a specimen is accomplished with the aid of the specimen-

exchange device shown in Figure 2. The copper specimen holder is attached to the 

end of a 1 meter long, 9-5 mm diameter, stainless steel specimen-exchange rod with 

the aid of a bayonet-type clip. The copper specimen holder is surrounded by a 

retractable protection shield which also serves as an alignment guide when screwing 

the specimen holder into the goniometer stage. The specimen-exchange rod passes 

through a Vacuum Research Corporation S102 Wilson-type sliding motion feed-through 

that is sealed with two viton gaskets which are lubricated with Apeizon L vacuum 

grease. The specimen-exchange rod passes through a Varian 1.5 inch diameter ultra

high vacuum straight-through valve which seals the. FIM chamber until the air lock 

has been evacuated. To insert a new FIM specimen into the FIM chamber the specimen 

exchange rod is first placed inside the air lock with the straight-through valve 

closed;, this is accomplished with the aid of the Wilson-type feed-through which is 

mounted on a 1.5 inch diameter stainless steel tube by means of a standard quick 



coupling. Next the air lock is rough pumped using two Varian Vacsorb- pumps in series; 

these are the- same sorbtion pumps which one also used to evacuate the FIM chamber. 
-3 -k When the pressure in the airlock has fallen into the 10 to Torr range it is then 

—6 evacuated to 10 Torr employing a specially-constructed titanium sublimation pump 

(TSP) and a Varian 20 liter sec triode-ion pump. When - 10~ Torr has been 

achieved the straight-through valve is opened and the specimen-exchange rod is pushed 

into the FIM chamber until the retractable protection and guide shield makes contact 

with the outer radiation shield. A small additional linear displacement of the 

specimen-exchange rod brings it into contact with the threaded copper plate that is 

attached to the goniometer stage through the copper sapphire block (see Figures 1 & 2). 

The copper specimen holder is then screwed into the threaded copper plate; an additional 

counterturn then separates the specimen exchange rod from the copper specimen holder. 

The specimen-rexchange rod is then pulled out of the ultra-high vacuum FIM chamber and 

the straight-through valve is closed. The entire operation, described above, is ob

served through a glass-window (not shown) which is mounted on a 1.5 inch diameter port 

that is at H50 to the line-of-motion of the specimen-exchange rod. During the exchange 
-7 operation the pressure in the FIM chamber remains below 10 Torr and the pressure in 

-9 it drops to <3xl0 Torr within 15 minutes, after exchange. With this specimen-exchange 

device the.time required for specimen replacement has been reduced to less than 1 hour. 

Thus changing FIM specimens is now almost as simple as changing specimens in a 

conventional, transmission electron-microscope. 
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FIGURE CAPTIONS' 

Figure 1: A cross-sectional view of the liquid-helium cryostat showing the 

relationship of the FIM specimen, in the goniometer stage, to the 

cryostat. The FIM specimen is cooled by conduction through a gold 

braid. The radiation shields are cooled by conduction employing 

the enthalpy of the helium exhaust gas. 

Figure 2: The high-vacuum specimen-exchange device which allows a specimen to 

be changed without breaking the vacuum in the ultra-high vacuum (UHV) 

.■ FIM. 
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