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ABSTRACT
A specimen-exchange qévice is deseribed for an ultra~hizh vacuum-fielﬁﬁian
microscope {FIM}. This device completely eliminates the long pump=-down pericd
that is reguired if the-FIM chember is brought back to athmospheric pressure.
Tﬁe pressure in an air-lock is reduced to 10‘6 Torr before the exchange takes
place and the pressure in the FIHIQhamher runain; helow 1n'T Torr during the

axchange and it drops to less than 3:10'9 Torr within L5 minutes after the exchange,
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1. IBTRODUCTION

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 flsld-eveporsted from the surfece of an FIM specimen. This instrument

vag first described by Miller, Panitz and HtLanel and subkzejuently developed by
Miilsr and enaunrkersg as an ext=nsion of the FIM. Thus it ié now possible to
combine the miercstructural information, cobtainable by the pulse Tield-~evaporstion of
successive atomic layers, with a simultanecus chemical analysis, on an stom-by-atom
basis, of the bulk of an FIM specimen. The nsjor applications of the atom-probe,

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

and couwnrkersg's and Turner and cq—wbrkersT_g.

We have recently developed an ultr&-high vacuum stom~-probe FIM for the specific

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

lattice defects such as vecancies, self-interstitial atoms, dislocetions, grain
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boundaries and voids; this work has Yeen reported in detail slsevwhers Cur
atom—-probe has a number uf.unique festures which mﬁkes it idesally suited for the
study of defects and defect interactions. These features ares: (1) a variable
magnification internal imape-intensification system; (2) a ligquid-helium cooled
goniometer stage; (3} a Aifferentially-pumped low-energy ($3 keV) gas-ion gun for the

o

in-situ irradistion of specimens; (U} an ultra=high vacuum_{BxlU'l Torr) FIM

6

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

itn=detector; and (7)) an eight-channel digital timer with a +10 nsee resolution
for measuring the TOFst" |

One of the major limitations of the atom probe,in the past, has been the
prablem of chenging specimens. FPrior to the construction of the specimen-exchenge

device it was pecessary to bring the entire stom-probe PIM up to atmospheric pressure

to insert a new sperimen in the zoniometer stege. This cumbersome process meent that



typically anlr.one specimen per day could be examined. To correct this situation
ve have designed and constructed s simple specimen~exchange device; this device is
described in tﬁe present peaper.

2. THE SPECIMEN-EXCHANGE DEVICE

Figure 1 shows &n FIM specimen mounted in tfs copper specimen holder: the
latter, in turn, is mounted in a. goniometer stage which is attached to a liquid- .
hélium eryostat vis a gold hraid. A detailed scheamatic diegram of the geniometer
stege cgpn be semen in Figure 2 of Hall et al.lg The purposs of the specimen-
exchange device i3 to remove (or insert) the copper specimen holder from (into)
the gonlometar stage while meintaining the ultra-high vacuum FIM chamber at as low
& pregpure as is possible and while keeping the liguid-helium cnulec'l.. gonicmeter at
;:ryogenitt Lemparatiupres.

The exchange of & specimen i= accomplished with the aid of the specimen—
exchnﬁge device shown in Figure 2. The copper specimen bolder is attached to the
end of a 1 meter long, 9.5 mn dismeter, stainless steel specimen—exchange rod with |
the eid of & ba?unet—type clipg. The copper specimen holder is surrounded by & i
retractable protection shield which alsc serves as an alignment guide vhen screwing
the specimen heolder into the gonicmeter stage. The specimen-exchenge rod passes
through a Tacuum Research Corporation 5102 Wilson-type sliding motion feed-through
thet is sepled with two viton g&Skﬂts which are lubricated with Apmizon L vacuum
grease, The spacimen-exchange rod passéa fhruugh a ?;:ian l.S-incﬁ diameter ultra-

. high TAOLM st;aight-tsrnugh valve.which seals the FIM chamber until the air lock
has been evacuated. To inzert a new FIM spacimen inte the FIM chamber the specimaﬁ
exchange rod is first placed inside the sir loek with the straight-through valve
closed; this 12 eccompliched with the aid of the Wilson-typa feed-through which iz

mounted on a 1.5 inch diameter stainless steel tube by mosns of & standerd quick
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coupling. HNext the air lock is rough pumped using two Varisn Vacsord pumps in series;
thege are the same sorbtion pumps which one alae nsed to evacuate {the FIM chamber,
When the Pressure in the airlock has fallen into the lﬂll_3 te ~4 Torr range it is then

6 Torr eaploying & specially-constructed titeniumm sublimation pump

evacuated to 10
{TsPi end & Yarian 20 liter sec triode-ion pump. When = 10'6 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 gnide shield makes contact
with the outear raﬂiatiﬂn ghield. A small additiconal linear displacement of the
gpe¢imen~exchange rod brings it into conitset with the threaded copper plate that is
attached to the goniometer shage thi-ough the copper sa.pphi.re block {zee Figures 1 & 2).
The copper specimen holder is than screwed.ipto the threaded coppsar plate; an additional
cnuntﬁrturn than saparates the specimen exchange rod From the copper specimen holder.
The specimen—-eXchange rod is ther pulled out of the ultra-high-vacuum FIM chamber and
the straight-through valve is ¢1¢s§d. The antire operatiocn., dezeribed above, iz ob-
served through a glass-window (mot shown) which is mounted om a 1.5 inch diameter port
that is at 45° to the line-of-motion of the specimen—exchange rod. During the exchaunge
_operation the pressure in the FIM chember remeins below IG_T Torr and the pressure in

it drops Lo {3::10*9

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 chenging specimens in a
conventional transmission electron=microscope., |
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Figure 1:

Figure 2:

FIGURE CAPTIONS.
A cross-secticnal view of the liquid-helium cryestat showing the
relatienship of the FIM specimen, in the goniometer stage, to Llhe
eryostat. The fIH specimen is cooled by conduction through a gold
braid. The radiation shields are cooled by conduction employing

the enthalpy of the helium exhsust gas.

The high-vacuum specimen-exchange device which allows &2 specimen to
be changed without breaking the vecuum in the uwltra-high vacuum {UHV)

FIM. ' . . |
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