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Seimn B Atom Probe Tomography:
h{' ' : Principles
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Position Sensitive
Detector (X,Y,TOF)
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- (tip)
. Radius

<100 nm

Atom Probe Tomography:

Principles

 End of the tip : hemispherical cap radius

e Tip submitted to F~//

_l @ ~0.1-1eV

Depends on the
elemental nature

10 V/Inm<Fe<60 V/nm
Ex : Si ~30 V/nm
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Tip
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Principles :
Evaporation and projection

lon trajectories determined by
electrostatic laws :

» Depend only on the geometry !!!

The tip Is the lens

» Do not depend on Voltage, mass,
charge ...

> Model : Magnification
» G ~k/
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Tip

Principles :
Evaporation and projection

G~10°

(1 nm <->1 mm on detector)
Detector resolution<100 microns

Instrumental lateral resolution
<0.1nm!



‘?‘-"_ : Principles :
| Depth reconstruction
1

N, atoms detected : N,/Q atoms evaporated
(Q~60%)
| Vevap ~S,xP
\V} — Nat X Vat V, = Vvolume occupied
A Q by 1 atom in tip
P~ Nat ><Vat - Nat ><Vat GZ
QS, QSp
« For 1atom 0~ Var o Vat 32
p~10>nm QS, QS,

Instrumental depth resolution




50x50x320 nm?3

b) Annealed sample

x50x320 nm?3

c) Cluster filtering of b)

Direction of analysis *
e

Performances ?

Nanometer objects are
observed unambiguously



; e Spatial resolution of

the Atom Probe Tomography

Best spatial resolution observed in Pure metal such as Tungsten

Atomic planes in several crystallographic directions

Mean atomic
distribution
around atom
positions
(~3D RDF)

Lateral resolution
~0.2 nm
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Anisotropic — Depth
resolution Resolution
~ 0.05 nm

F. Vurpillot et al., J. Micros., 216 (2004) 234



degraded by

guantum nature of atom (<0.01 nm)
fileld penetration at the tip surface (<0.01 nm) (semiconductors ??)
Change in evaporation order ... (temperature, laser pulsing)

Depth reconstruction artifacts (??)
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degraded by

the quantum nature of atom in position

the quantum nature of atom in velocity

the transverse velocity due to temperature Base Temperature
thermal diffusion at the tip surface <100 K but
field/thermal diffusion at the tip surface Laser = heating

| | Electrostatic
Trajectory aberrations (77 ) =—o— dependence



E : ~0.1-0.5 eV
Kink site Atoms  10%Hz .
100-1000 \ ‘ r pPS

—Qp
®=10" =N x0xT,,, xe "
KT ~ Q,/10
Pulsed T ~100-500 K
~Qjump
Nimp(Jump/ pulse) = Nxvxz, —xe

>Q | (standard conditions)

Probability to field evaporate higher than thermal diffusion



Non standard conditions

Under high laser
lllumination
Atomic diffusion is
visible

(example:
Tungsten

IIaser =2X Is.tandard

T~1000 K )
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& 2. Spatial resolution of
Iaser Atom Probe Tomography in semiconductors

Test with silicon : (111) double planes are imaged in standard
conditions (laser T,,.~200 -300 K)

pulse
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Seiimn
‘7' Spatial resolution of
' “the laser Atom Probe Tomography in silicon

In Fourier space

(Double plane
sur-structure :
<222>extinction )
Peak at<222> 1?77

Correlated evaporation of
the double layer
(field penetration in silicon)




Yalimn
‘ o Spatial resolution of
Iaser Atom Probe Tomography in semiconductors

Delta doped layers : test structure

Boron atoms B concentration (atoms/cm?®)
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Vol. : 68 x 68 x 74 nm3



d2

C.)™ =2.14xe 2074
d2
Coo =2.6xe 203

Width measured in SIMS
twice APT value

Si concentration (atomic %)

depth (nm)

Atomic Theory width ~0.2 nm
density (1 atomic layer)
In depth

0.9 nm FWHM ??

F.(B)>>F.(SI)



g the effect of local electrostatic roughness

ar,‘ylodel.i_n d
¥

e depth reconstruction artifacts

e trajectory aberrations

Model developed to understand
 effects of different F
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Selecred oxject: All
o MEIEN

ucture

Delta — B doped layer
B evaporation field ??




P "r' W Delta — B doped layer
| B evaporation field ??

Tip I1s not spherical !
Reconstruction artifact




(agreement with
theoretical value)

Fe(B) =F¢(Si)

concentration (%!

0.2 nm width
degraded to 0.4 nm
Still <0.9nm ...

~0.4 nm (sim)

1N\ ~0.9 nm (exp)

Actual width certainly
about 0.5 nm




Evaporation field difference between species

In random solid solution : degradation of the spatial resolution

Si particles in SIO,



Atom counts

25
Distance (nm)
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