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NanoAnalysis with TOF-MEIS

Kyu-Sang Yu and DaeWon Moon

Medium Energy lon Scattering (MEIS) has been successfully used
for ultrathin film analysis such as gate oxides and multilayers due
to its single atomic depth resolution in compostional and structural
depth profiling. Recently, we developed a time-of-flight (TOF) MEIS
for the first time, which can analyze a 10 pm small spot. Small spot
analysis would be useful for test pattern analysis in semiconductor
industry and various thin film technology. The ion beam damage
problem is minimized due to its improved collection efficiency by
orders of magnitude and the ion beam neutralization problem is
removed completely for quantitative analysis. Newly developed
TOF-MEIS has been applied for gate oxides, ultra shallow junctions,
nanoparticles, FINFET structures to provide compositional and
structural profiles. Further development for submicron spot
analysis and applications for functional nano thin films and
nanostructured materials are expected for various nanotechnology
and biotehnology.
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* K(M /M, g)=E JE, : Qualitative analysis of the elements

* ds/dq} : Quantitative analysis of the elements

* dE/dx : Compositional depth profile with 2 A depth resolution
* Channeling and blocking : structure analysis of the crystal

[Fig. 1] The schematic diagram of the MEIS spectrometry. The
incident ion is scattered by 2 elements in the sample, 2
peaks are presented in the MEIS spectra. The scattered
jon energy is resulted from the product of the incident
jon energy and the kinematic factor of each element
(K;and K,). The thickness or the depth of each element
is presented as the peak width in the spectrum (AE =
thickness x stopping power). The peak height is determined
by the differential cross section and the amount of each
element.
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[Fig. 2] The random and the channeling condition of MEIS
experiment and the resulting MEIS spectra.
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[Fig. 3] The shadow and the blocking cone at the double aligned
condition of MEIS experiment.
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2. Time—-of-Flight Medium Energy Ion Scattering
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[Fig. 4] The schematic diagram of the TOF-MEIS. The ions having
the higher scattering energy reach earlier at the detector
than that of the lower scattering energy. The scattering
energy is calculated by the flight time with known tube
length.
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[Fig. 5] The Outline and the major elements of the MEIS-K120
system.
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[Fig. 6] The depth resolution and the detection limit of various
surface analysis techniques.
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[Table.1] The comparison of surface analysis technique
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MEIS spectrum and (c) the depth profile of Si and O in the
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[Fig. 9] (a) The structure of As doped Si. (b) MEIS spectra and (c)
the As depth profile of As doped Si sample. The sample is
made by implanting 1 x 10"°As with 8kV, and annealed.
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Application 3 : Nano Particles
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[Fig.12] The MEIS spectra and the analyzed structure of fluorinated
(a) Lumidot (560 nm), (b) Evidot (530 nm), and Evidot (590
nm).



3= Lumidot (560 nm), Evidot(530 nm), Evidot (590
nm)2] MEIS AZ|Egolr g 27t =o) EAsk= F
o] B4& Tl =] g B [4].

3-2. FINFET 2| Conformal Doping Profile

Fin—shaped Field Emission Transistor (FinFET)
£ 8 A EWALR WEA AARE FOl7] A9
AF=E AEE, FInFET 34914+ 4 nm % 37]«1
Fin 4t%9] Channel & Y= & =3 23S al
Anneal 39 Carrier S ZAJSHA 71T

MEIS & Fin 25 3745 =20 o3t 5442
Peak o] LA Sl ol Fin o4 $2at o114
HAAaE 2 ol2H ARV v 2A5E] wiZoltt, o]
£ Simulation 3= H 13 13(b)o|A] H.o|= Peak 3} Z+
L Fin o 2sk EA A Peak o] UeFITE o] Peak &
Fin o] Zof e} 927} olgsh [13 13(b)], Fin <

-lN
jinss
o

sy

(a) (b)

P
—anm
T a*2 nm
= a+4 nm W)
5 a+6 nm Vi
; +8 nim \f
g i) AYA N
— Side—+ E‘ —l'r"'.;:iﬂ}.'.‘f-\"-f-”-n_a’-r- s : ! I'.
8 |
k-] A
o LY
] 0
3 \
Bottom \
Si ; E 3 \\ :
45 50 55 BO 85
Energy (keV)
(c)
hbnam
h b+5 nm
h b+10 nm J
| e 7Y
.‘-“.“u._‘;v — o
B -
T T T T -I\ 1
40 45 50 55 B0 BES
Energy (keV)

[Fig. 13] (a) Schematic diagram of FiInFET. MEIS simulation spectra
of FinFET as a function of (b) Fin width and (c) Fin height
keeping the pitch of Fin arrays same
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