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A newly built focusing-type time-of-flight atom-probe is capable of (1) achieving 100% detec-
tion efficiency and (2) performing mass analyses under truly ultra-high vacuum conditions (~10"1
Torr), The details of the instrumentation and its performance are presented.

As for its applications into materials science, we discuss the follewing topics: (1) surface and
grain boundary segregation of binary alloys, (2) metal-semiconductor interfaces and (3 ) metastable

phases of Al-Ag alloys.
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Fig. 1 a : Three successive layers (b’ k' 1) of
a field-ion tip. The top layer shows ledge-site
and kink-site atoms {E, R) in low coordination
sites.

b : Principle of image formation,
hatched atoms are imaged.
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Fig. 2 Principle of feld ionization.
a : field ionized aotm which is at the critical
distance. b : adsorbed atom. ¢ : space-ionized
atom.
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Fig. 3 In-situ formation of a grain boundary in a field ion microscope using a laser.
a : A micrograph of clean tungsten prior to laser irradiation taken at Vip=5.35

kV. b

: a grain boundary=3 with a rotation of 71 around the [110] axis was

created by laser irradiation. The micrograph was taken at Vie=7.877 kV upon

field evaporation at 8.695kV, ¢ :

stereographic map of micrograph (b).
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Table 1 Evaporation fields of various elements.
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The evaporation flelds of the

charge state energetically favoured are underlined.

Predicted evaporation fields

Atomic Observed evaporation
fleld
Species radius R
(om) F. (+1 F, (—3—_2) I, (4:3) Value
{(Vnm™1) (Vom™Y) (Vom™) (Vnm™)

W 137 102 57 52 57
Ta 143 96 48 44 43
Re 157 82 45 49 4b
Ir 135.5 80 44 50 46
He 156.5 67 39 43 40
Mo 136 65 41 51 43
Pt 139 63 45 53 44]
Ra 132.5 62 41 54 42
Au 144 b3 54 66 35
Si 117.5 50 34 49 10
As 125 17 53 65 10
Rh 134,56 49 41 60 - 41
Co 125 43 37 63 35
Fe 124 42 33 54 34
Ti 144.5 41 26 43 25
Ni 124.5 35 36 65 35}
Ge 122.5 35 29 68 20
La 186.5 34 19 24 -—
Cu 128 30 43 77 24
Cr 125 27 28 51 _
Sn 140 26 23 46 21
Ag 144.5 24 45 72 20
Al 143 19 35 50 27
Ga 135 15 39 59 i5
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Fig. 4 Pinciple of field evaporation based on
a charge exchange model. Potential curve of
a neutral state (LJ.) is not affected much by
an electric field. However ionic potential curve
() is shifted downward by the amount of
nelFx and thus intersects with the neutral po-
tential curve at z. The activation energy
@ is given in the figure as an energy diffe-
rence between Ui(z.) and the ground state
energy of an electron in the neutral atom.
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Fig. 5. Schematic of the first atom-probe appa-
ratus made of pyrex glass, designed by E.'W.
Miiller. The flight path was 100cm and a
dynode array detector was used for signal
detection,
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Fig. 6 Principle of focusing of the ion beam
by a 163° Poschenrieder electrostatic lens. A
slower ion is deflected more inside the lens
to take a shorter path.
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Fig. 7 Mass histograms of GaP obtained in
the straight-type mode (a) and the focusing-
type mode (h).
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Fig, 8 High-performance time-of-flight atom-probe with a Poschenrieder
electrostatic leng at the Imstitute for Solid State Physics.
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Fig. 9 FI micrographs of the surface area covered within the probe-hole.

a : taken at the auxiliary chamber in front of the focusing lens.
the detector chamber under slightly different {focusing conditions,

b-1:at
(d) is

under the best focusing condition, The beam is focused into a small spot of

1 mm diameter.
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. channpeltron{Esill '" rotatpion
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‘!WWWML_} 5S¢
Fig. 10 Schematic of the detection chamber
which houses both the channelplate and chan-
neltron as an ion detector, Both detectors are
mounted on a single station and either of

them can be brought into the beam position
by a simple flip-flop motion.
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fleld evaporation is explained schematically.
lons are only detected when the size of the
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size of the probe-hole (2)., Thus the infor-
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a single step and separated clearly from adja-
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Fig. 12 Detected signals (Cu and Ni) are plot-
ted sequentially against cummaulative number
of trigger pulses in the case of a Ni-99.5at %
Cu alloy upon annealing at 920K for 30 sec
in vacuum,
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Fig. 13 Cu concentration at the surface upon
annealing of several Ni-Cu alloys (99.5, 96.5,
56.5, 41.8, 6.2at % Cu). In the case of Cu
segreregation, oscillatory behavior in Cu con-
centration was observed.
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Fig. 16 Atom-probe analysis of Pd/GaAs (111)
interface upon annealing at 740 K for 10 min,
The surface consists of PdGa layer without
any As present.
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Fig. 17 Schematic diegram of reaction of Pd
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depth piofile AR L7z, PdGa & THID GaAs EOE
FRIFEC Y+~ » T3, ChBEOERT
¥, P2ER PdGa T ESMEMICH B, T=2—1) v
FOBEEELTEE, BEEZELAY Ga DADELE
Hh, O TFEN PdGa %2, RERGD A A =X
A& LT, Pd A &BELISHS ASEEE RS T
LA EpEIL B (Fig. 1), coBEs, Pd &
BERLTEEIE-Z As B, Ga LOE&MINTE
b, FESESBOW, BEAFERLTLESEEL
BiLB, Ga i, As ICHNBEERIENEN LD, B
B0 7T ==Y v TIEDN Ga KD GERbsT &
DEBEND, COEBIE, £L0BE, EEEREC
HEHTIREZH As BSEREINBC LS ESYS
o,

Al DB, Pd o0& L #E, Al & Ga OF
BRI LD, B AlAs X 3 L etk
nNz¥, coRnE, Si % F—Er Lk GaAs O
ST 300K PILETIRZ A4, Zn ke F— ¥ L
Gals OEASICIE 200K TR B, chig K=t b
R EREEEOBEDCOE DO EELI LR,

Bigic, 2HOEBA GaAs LiClEER 72—
L iEBao RESERIE 20T Da s, Gals iz Ti

B - R

BE - e 23]

400

Depestiion of TL & Pd

Aunealtng at 400°C {or S min

'
L
'
1
v
i
|
L
!
3
1
1
'
'
1
'

NUMBER OF ATOMS

b NUMBER OF TOTAL ATOMS

[=)

100D

Fig. 18 Depth profile of GaAs surface after
deposition of Ti and Pd followed by annealing
at 670K for 5 min,

EPd AFESHLAES T, PdH A2 Pd, Ti b
THOIHCEEL T, FmER Ti &4 5%, Fig. 18
i2, Ti, Pd @ HTHEE L2, 60K T©7=—nL7
BEeETHEL, COEME, Pd A As EERLANLH
RS L, BECE- As B T P35 v 78N
TWB & bbb, '

L0 &SI - £E R EOBHNEIRO FF e~
ATD L S OlSHE, ThA - n—7HATROD
OENE, SHEDECHLTEATH 247 —20
BT ON TV S0 L HEENRE,

4.3 Al-Ag H5EOEREHOTE

Al-Ag A&, 2OEHIFLOBERT, £k d
B0 oD BEERT ST 5 C & ok FANE
HERLLOEMASREINTNE®, Tra Fa—7
BRGE ECOBEREERDBE REEE NG X —2D
REi e, BEc ks o L8 TE S, Al5.7%
atAg & UCC T I DLLETE 2 7 &0
G.P. /=i, FI A A— STRIPHETS, T has
Fa—Fickl Ag BER -BCLART L, 4
B B L, A=Y » LT3 A e
RENI, chiIL 180°C ORI TIRRT ¢
Lvh GUR Ve v RRRG ¢ s B R h . v 4
QIR T Fa - PP THET AL, Ag B
FEid 81~33at % THBY, vy REOERTR
#50% wBINLTED, Ag BMENTLTV A &b

ot
5 & o

T REE & AR D D AN Ay — LT RIS
B EOTED 2o 2L EE atom-probe DY
T, COFEEE R Ik, BEOEETS BT
A focusing-type ToF atom-probe & f& L TEL <

— 7 —



— 232 —

Lﬁbh—o —Rlz@rﬂr/hﬁ']& bfz&ﬁ{—’{ﬁj ‘IA
FED B TD 5

HEREE

ik - 4
SEERANL, COFULEFRENS

P LI 0b DCH B,

1

4
5)
8)
7
8)
)

10)

11}

12)
13)

14)

X

E.W. Muller and T.T. Tsong : “Field Ion Mic-
roscopy : principles and applications”, Elsevier
Publishing Co., New York, London, Amster-
dam (1569).

E, W, Muller, J. A. Panitz and S.B. McLane:
Rev. Sci, Instrum. 39, 83 (1968),

J.J. Hren, D, M. Seidman: Surf. Sci.
(1971).

R. Wagner : Field Ion Miecroscopy in Materials
Science, Crystals 6, Springer-Verlag, (1982).
T, Sakata and S, Nakamura: Suri. Sci. 51, 313
(1975).

W,R. Graham and G, Ehrlich: Phys.
Lett, 3%, 1407 (1973),

26, 61

Rewv.

WEHE W3

®

5 16)

17}
18)

16)
20)

o1)
22)
23)
24)
25)

26)

R. T, Tung W.R, Graham and A.J. Melmed:-

Surl. Sei. 115, 576 (1982).

27)

T. Sakurai, T, Sakata and A. Jimbo: Japn. J.‘

Appl. Phys. 22, L7756 (1983).

5.5, Brenner and R, Wagner: 22nd Intern.
Tield Emission Symp. Atlanta, (1975).

T. Sekurai, A. Jimbo and H.W. Pickering:
30th Intern. Field Emission Symposium, Phi-
ladelphia (1983},

A. Sakai: Field Evaporation, Oyo-Butsuri 53,
183 (1884), (Japanese)

E, W. Muller: Phys. Rev. 102, 618 (1956).

R. Gomer and L. W. Swanson : J, Chem. Phys.
38, 1613 (19863).

T, Sakurai and E. W. Muller : Phys, Rev, Lett.
30, 532 (1973).

28)
29)

50)

31)
32)

33)
34)

15) O. Nishikawa, T. Yoshimura and M, Shibata:

— 68 —

B (1985

Surf. Sci. 124, 440 (1983).

0. lehﬂ;awa, U0 Voshiinura and M. Shibata :

Surf. Sei, 133, 15 (1983).

N, Shima: unpubliched.

R. Haydock and D.R. Kingham : Phys. Rewv.

Lett. 44, 1520 (1980),

D. Kingham: Surf. Sei. 116, 273 (1982).

T. Sakurai, A. Sakai, T. Hashizume and A.

Jimbo : to be submitted to Rev. Sei. Instrum,

T. Sakurai, T. Hashizume and A, Jimbo : Appl.

Phys, Lett. 44 38 (1984).

T, Sakuresi and T. Hashizume rRev. Sci. Instrum.

in press.

E.W. Muller and T. Sakurai:

Technel, 11, 878 (1974).

A R, Waugh and M.J. Southon:

11, 206 (1974).

Y. Takasu and H. Shimizu:

479 (1973),

J.H. Sinfelt, J.L. Carter and 1. . C. Yates: J.
Catalysis 24, 283 {1972). :

K. Watanabe, M. Hashibe and T, Yamashina :

Surf, Sci. 61, 483 (19786).

T. Sakurai, T.Hashizume, A. Jimbo, A. Sakai

and 3, Hyodo : Phys. Rev. Lett. 55, 514 (1985).

Y., Kuk : Ph. D, thesis, The Pennsylvania State

University, (1981),

T. Sakurai, Y. Kuk, A.EK. Birchenall, H. 'W.

Pickering and H.J. Grabke: Seript. Met, 15,

535 (1981),

Q. Nishikawa, C. Kaneda, M. Shibata and E.

Nomura : Phys. Rev. Lett. 53, 252 (1884).

Neutron Scattering, Ed. by G. Kostorz, Aca-

demic Press, {1979).

T. Sakurai: unpublished.

K. Hono and K. Hiranc: Script.

945 (1934).

J. Vac, Sei.
Surf. Sci.

J. Catalysis 29,

Met. 18,



