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ABSTRACT

Atom Probe Tomography (APT) can provide 3-dimensional information such as position and chemical composition
with atomic resolution. Despite the ability of this technique, APT could not be applied for poor conductive materials such
as semiconductor. Recently APT has dramatically developed by applying the laser pulsing and combining with Focused
lon Beam (FIB). The invention and combination of these techniques make possible site-specific sample preparation and
permit the investigation of various materials including insulators. In this paper, we introduced the recently achieved state

of the art applications of APT focusing on Si based FET devices, LED devices, low dimensional materials.
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Fig. 1. (8) 3D Atom map of MOSFET structure, (b) cross-sectional TEM image showing position of analyzed volume within n-type MOSFET.
(c) 3D P atom map and (d) concentration profiles across the grain boundary and (€) across the gate oxide within the poly-Si gate (Inoue et al., 2009).
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Fig. 2. 3D atom map of As(puple), (a) showing spheroid-shaped As-rich defects after annealing at 600°C for 30min and (b), (c) showing As
trapped in dislocation loops after annealing at 600°C for 30min, then at 1,000°C for 30sec. (d) TEM image for dislocation loop with same
sample condition (Thompson et al., 2007).
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Fig. 3. (8) STEM bright field image of APT specimen and (b) 3D atom map of Si (Green), Co(red) and C (blue). (c) Composition profiles show

grain boundary segregation of carbon atoms(Gu, Unpublished data).
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CVDE o|g3ted e v Ae|Z bt 9] Interlayer-
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Fig. 4. (a) 3D atom map of Si (green), Ni (Red), B (blue) showing B
segregation within Ni-Silicide and (b) their depth profiles(Miredin et
al., 2010).
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o] #x3}¥ InGaN t}=<Fx}-9-E (Multi Quantum Wells,
MQWSe] =34 In 24 7ol )8 Aoz o=5o
$oh In 24 B Ak A HxsE InGaNAF W
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Fig. 5. HR-TEM images showing effect of electron beam damage on
Ing2,Gay 76N single QW layer after exposing (a) 20s, (b) 220s, (c)
420s and (d) 620s at current density of ~35A/cm? with 200kV
(Smeeton, 2003).
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Fig. 6. 3D atom map of InGaN/GaN MQW structure in blue LED
(Guetal., 2009).
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Fig. 7. (a) 3D atom map of In in InGaN/GaN MQWs. (b) Iso curve mapping of In compositions in the InGaN layer on the two dimensional

plane(y-z) at given x (Gu et a., 2009).

Table 1. Colorsfor iso concentration range of In used in fig. 7(b)

Iso conc. (%) Color
0~6 Green
6~12 Orange

12~15 Yellow
15~18 Red
18~25 Blue
25< Black
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In 24d0] ®Eshe & 93l HAEH. obF In 24

Erde] Randomsl F2ZelA 3= ZAA] -S4 A Aol
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Fig. 8. () SEM image of Ge nanowire well matched with (b) 3D
atom map showing Au (yellow) and Ge(blue). (c) Indexed FIM
image shows crystal structure and growth direction of Ge nanowire.
(d) Magnified APT image, rotated 90° with respect to (b), shows
planes. Growth temperature of Ge nanowire here was 380°C with gas
ratio of 1 (PH3) : 1,000 (GeH4) (Perea et a., 2009).
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Fig. 9. (a) (b) End-on-view 3D atom map of Ge(blue), P(gray) and
O(light blue) (43nm in diameter). (c) 3D atom map is well matched
with(d) SEM image. (e) P concentration profiles along the growth
direction of Ge nanowire grown at same condition with Fig. 8 (Perea
et al., 2009).
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Fig. 10. (a) 14 x 14 x 23nm® 3D atom map of Au (yello), In(green)
and As (purple). Catalyst and nanowire regions are clearly devided.
However, few Au atoms are visible within InAs nanowire. (b) 1 nm
thick slices around catalyst/nanowire interface region, defined by the
white bar in (&), showing sudden composition cange from Au to
InAs. The diameter of the dlices is 10 nm. (c) Composition porfiles
aong the growth axis(Pereaet a., 2006).
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Fig. 11. 27x 27 % 29 23nm® 3D atom map of InAs. Each colors for
displayed atom same with Fig. 10. The 18 Au atoms exist in this vol-
ume (Pereaet a., 2006).
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