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FIELD ION MICROSCOPY
N. Durai Raghavan
InorganicvMaterials Reséarch Division, Lawrenée Rediation Laboratory,
Department of Mineral Technology, College of Engineering,
University of California, Berkeley, California

S. Ranganathan

: Inorganic Materials Research Division, Lawrence Radiation Laboratory,
Berkeley, California :

INTRODUCTION

From'ﬁhé.beginning it has been the aim of the microscépists to see
thelvery smdll. _For a hundred years the optical microscope'has sérved
vto iook into the microstrﬁcture of biological and metallurgical mater-
iais. In.thé la.st two decades more powerful techniques involving x—ray
and. electron microscop& have glven us a keen understanding of the rela-
tion between»strucﬁure and,propérties. These have improved resolution
over the optical microscope, but still fall short of resolving individualﬁ
atoms. This loglcal limit to miecroscopy héé been achleved with the ad-
vent of field lon microscop&. It was invented by Professor E. W. Miller
in 1951 in Beflin. He cameto Pennsylvahia State University in 195L and
has been responsiblé for practically every majdr inmovation in the tech-
nique. Thls article gives a brilef déscription of this instrumgnt'and )
few of 1ts important applicatlons.

THE MICROSCOPE.
Tﬁe fleld ion‘microscope iS'aé exceedingly,simplé instrument. (Fig.

1). It consists of a glass chamber which is evacuatéd to a hlgh degree
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.by suitable vacuum pumps.' The specimen under 1nvestigatlon is- polished.
to a sharp point and introduced 1n o the chamber. The soee;menfls
:cooled to a low temperature by means of ligquiad nitrOgen. -Liduid hydro-
"gen and llquld helium are also coming 1nto use as coolants. A gas,
usually helium, ils leaked in at allow pressure. A positlve'voltage.of-
a feW'kilovolts is applled to the soecimen. Hiéh.field‘reglons are
'f'thus created over protruding metal atoms on the surface.‘ They ionize
”tf:the helium atoms. The resulting helium ions_travel ;nvevredial dlrec-
'Et;omvtowards-g ?1uorescent sereen and form the hiéhly.magnified.field
ion image."The'megniflcation is over a;mlllioh times; the'head'of a
pin'to the same;magnification uould eover_the city of Madras. The inten;
'sity of the image is low. It requires perfect dark adaptation for
" visuval observations and large aperture lenses and high speed film for
vdphotographic recording. Ihe conditionSvare slmilar to those that the
-,Vestronomer\feces in his.studyvof the'verj big--ethe stars!
When the.epplied electriclfield is increased, the_metal aﬁoms can
"be removed_es ions. Thus, the_Speclmen,surfaeevcamvbe peeled off leyer
bd by layer so that thedbulk'sﬁrueture of'the'metel can be‘studied.‘ |
| STRUCTURE OF METALS AND ALLOYS
Field lon micrographs from pure meﬁalsvare characterized by great
',regularify;’ figure 2 shows a typicelvfield ion micrograph from altung-
.Tsten specimen; Fach bright spot correspondsoﬁo 2 single.atom‘on the ‘
surface and the circles corresﬁond fo,planes‘in the crysfal lattiee.
The symmesry in the micrographvreflects thatvinbthe crystel lattice.
Alean Moore,.am Australiam physicist,.has formulated an‘eleganﬁ approech

to the Interpretation of such iImages. A computer is used to find out
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the positions of all atoms neear the surface of a sphere and plot them.
‘ 'Figure 3 was obtained in this m&nner on -the assumptlon that the atoms
are locsted at the sites of e simple cubic lattlce.

When two d*fferent metals are mixed together, an: alloy results,
‘The field ion m’ croscope ha s been used to study such alloys in the hope
that it can gilve 1nibrmation about how the two metals are distributed.
Figﬁre 4 is a micrograph from a molybdenum—8% tantalum alloy., The
.A_natural question to ask 1s whether one can tell thevmolybdenum and the
tentalum atoms apart. The answer_af the time of writing.is "no".v‘One
of the biocks to progress 1is the irregularity in the image. However,
-our vncderstanding of these images is improving. Recent work has shown
.that whec the two metals are arranged in g very regular way, one of them

- can be invisibie.

LATTICE_IMEERFECTIONS

Crystals.are madevof ators arranged in & regular manher. However,
Imperfections which interrupt this regularity do occur and play a large
part. in determining the mechanical properties of metals and alloys.
Vacancies occur wherever atoms are missing. The microscope has been
‘used to pinpolnt the location-of such vscancies and to study- the con-
figurations they take up when they clus#er_together. A dislocation
causes a more widespreadfdisturbance. It can be recognized in micro-

_ graphs by the presence of’beeutiful spirals in place of the set.ofvcoc;v
H centric circles. The nature of the spirals gives us vital clues to -
i'the nature of the dislocatlion. The boundery between two crystals 1s a

plener imperfection (Fig. 2). Brandon and Renganathen have used the
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_ microscope.fbr'the study'of crystalvboundarieSQ A model for the atomic
configuration at such boundaries was, developed as a result of these
‘ fstudieq It may be remarked that this kind of 1nformauion ‘cannot be

3

~ had. through other techniques.
OlhER'STUDIES

' Some of?the more spectacular’reSults hevehbeen obteined'by turning
the field ion microscope into a miniature laboratory. _'VA source that
“emits alpha-particles wa.s placed near the specimen. The damage intro-
duced by uhe passage of a single alpha-particle has been recorded. Thie
affords us fresh insights,into the dynamics‘of radiation demage. An- |
~other line of inveEtigetion'is’the_study of adsorption and diffusion.
.:In the~careful hands of Dr.icert Ehrlich of Ceneral Electric Laboratory,v
. USA,Vthe microscopevhas-been persuaded to yleld meny beautiful_results.
He has deposited 8 few nitrogen atoms on & tungsten surface and has |
‘LOllOWGd thelr migration on heating the specimen. Finally a field that
is of much promise is the study.of organic macromolecules, which is of
: obvious. importance”to'biologiste, .Lastvyear Rendulic and Mﬁller suc-
ceeded in occluding large molecules in & pletinum cage and subéequently
imaging.the molecules. As yet_the pictures show very little fine detall
but withean inprovement in technique, we may expect‘with confidence that’
N the fleld lon mleroscope will play e useful role in biology and metallurgy
even as its cousin - the transmission electron microscopei- does.

~ The authors are'essociated with the Field Ion Mieroscope section
of the Inorganic Materials Research Division. One of them (S. Renganathan)
will be Joining the Department of Metallurgy at Banaras Hindu University

in August, 1967.
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FIGURE CAPTTONS

Fig. 1  The fleld lon miéroscope. |
‘lFiéa 2 Fieid ion microgreph of tungsten. Ihé‘bouﬁdary between
| ‘.twp'crystéié 1s well resolved.
Fig. 3 Coﬂputer simulated field ion pattern for the simple cubic

lattice.

Filg. 4 TField ion micrograph of molybdenum-tantalum alloy.
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