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Shadowing/Redeposition in SIMS

Rudenhauer and Steiger, Ultramicrsocpy. 24 (2-3).1988.p.115-123
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SIS Detection Limits of Seleciec Eiements in Si and 3i0; Urder Normal Depth Profiling Conditiors

Detection Limits in Si0,

0 Frimary ion Baam Zs Primary lon Beam
Positive iorg fegatve ons _
Element DL {atomsfcmy Element DL {atoms.'cm'f)
Li 1E+13 H 1E+18
B SE+13 c 2E+1T
N 2E+37 N JE+1G -~ 2E+1T
Na 2E+13 P 1E-15
Mg 2E+13 5 1E+16
Al 1E+14 Cl 1E+16
K 1E+13 Cr 2E+16
Ca SE+13 Fe 3E+16
Ti SE+13 Ni 3E+15
Cr 2E+13 Cu 2E+15
Mn 1E+14 As 2E+15
Co 2E+14 Ge 2E*15
Fe 2E+14 - 5E+ 14 Au 1E+15
Mi 1E+15 .
Cu S5E+14 -
Zn JE+15 -
A3 2E+16 -
Mo SE+14 -
In 2E+14 -
Ta SE+15 -
W S5E+15 -

Note: For dy=a=@ spetor G, Primary lon Buarn sputtesing. the =~ aximum axicu

fgyer heokness snoud be less tha 1.5um Jor proper charging compensaton

Higher gituct oo lirmid for BRSE

Evans Analytical Group,

Sunnyvale
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EA G SIMS Detection Limits of Selected Elements

Cvans Anaigticsi Grows in $i and $i0, Under Normal Depth Profiling
Conditions
- May 4. 2007 [Version 4.0}

Discussion SIMS is 8 powerful analyical technigue which allows detection of all elements from H 1o U with
excellent sensitivity. The tacle provides a st of typica! detection imits for impurities in Siard
5iC, matrices. These detection leve's are for rormal depth profiling corcitions of o'anxet wafers.
Detection leve's for device samples depends on tne size of the available analysis area.

Detection Limits in Si
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Schematic Diagrarn of a Cameca™ jon microprobe
Components

) 1" o2

1. Ion Gun
2. Ion Gun
5. Target Sample

9. MS entrance
slit

10. Electrostatic
Analyzer
13

Electromagnet
Sector

19. Electron
Multiplier
20. Faraday Cup

T. Kelly, CAMECA
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RELATIVE POSITIVE SECONDARY ION YIELD
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» The COSIMA instrument onboard the European Space

Agency’s Rosetta spacecraft will be the first instrument to
determine the composition of cometary dust with SIMS
in 2014,

by el mas e amamen 8w ol et | e o M et = 1L L4



Secondary lon Microscopy in Biology

12C15N"~ 12C15N-
12C14N-

Flagella

Figure 2

MIMS images of Teredinibacter turnerae, a nitrogen-fixing bacterium inhabiting a shipworm gill. The 12c5N/12C 14N image (left) allows the uptake of
5N by these organisms to be quantified. On the right, the image of 12C"5N" jons shows that sensitivity is sufficient to image the flagellum of this
bacterium (arrowed) even though the flagellum diameter is estimated from the ion signal to be only about 10 nm. From [1].

|. Lechene C, Hillion F, McMahon G, Benson D, Kleinfeld AM, Kampf JP, Distel D, Luyten Y,
Bonventre J, Hentschel D, Park KM, Ito S, Schwartz M, Benichou G, Slodzian G.
High-resolution quantitative imaging of mammalian and bacterial cells using stable isotope
mass spectrometry. J Biol. 2006;5:20. doi: 10.1186/jbiol42. [PMC free article] [PubMed]
[Cross Ref]
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Schematic diagram of the CAMECA IonTOF ToF-SIMS instrument.



Time of flight SIMS
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Figure 1. Schematic diagram of the Time-of-Flight secondary ion microscope.

From: Schueler, et.al. Vacuum. 41(1-4).
1990.p.1661-1664.



Time of Flight SIMS Microscopy

a) Al*ion image b) Si* ion image
| 1\-‘3- : :':2'\';’.'5‘
R it i L

Figure 5. Secondary 1on images of Al* (a) and ?*Si* (b) taken from a 250 um diameter surface region of an Al-Si integrated circuit. The
transmission reduction due to lateral energy filtering was approximately 30% for elemental secondary ion species.

From: Schueler, et.al. Vacuum. 41(1-4).1990.p.1661-1664.



Commercial SIMS Instrument/ CAMECA




Ion Microprobe, CAMECA NanoSIMS 50L

The Microanalysis Center for Geochemistry and Cosmochemistry ¢
at Caltech took the delivery of a CAMECA NanoSIMS 50L in last '
December and finished the installment and on-site tests in this
past April. Now the instrument is fully operational and running
well. The CAMECA NanoSIMS 50L is a new ion microprobe,
developed for trace element and isotopic analysis of ultra-fine
features. Among the unique new features offered by the
NanoSIMS 50L are: 1) The ability to extend the SIMS analysis
to extremely small areas or volumes (~35 nm size in cesium,
~150 nm in oxygen) while maintaining extremely high

sensitivity at high mass resolution (HMR). This derives from the
revolutionary coaxial optical design of the ion gun and
secondary ion extraction, and from a new design of the magnetic sector mass analyzer. 2) The capability of
simultaneously measuring up to 7 masses (ions), ensuring more efficient and precise isotopic ratios from the same
small volume, or better ion image superimpaosition in imaging mode. Along with the 7 electron multiplier (EM)
detectors, 4 Faraday cups (FC) are also installed on the Caltech NanoSIMS 50L, enabling to achieve the precision and
external reproducibility of isotope ratio measurements down to the low sub-permil level. f




Nano SIMS

Segregation and diffusion of elements in YAG (Yttrium Aluminium Garnet)

The NanoSIMS is used here to contribute to the understanding of the segregation and diffusion of
elements in polycrystalline materials.

In the first example, the strategy is to make use of 1809 stable isotope tracers in order to
image and quantify the incorporation of oxygen.
A sintered transparent YAG (yttrium

aluminum garnet) is oxidized in a 1802
atmoesphere at 1400°C.

The 10 oxygen atoms diffuse inside the
ceramics through the grain boundaries as
evidenced from the two complementary

images of 160 (base element of the oxide)

and 80 (incorporated during the oxidation
sequence).

*Dr. Hajime Haneda, NIMS, Tsukuba, Japan
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Science 15 June 2007: < Prev | Table of Contents | N
Vol. 316 no. 5831 pp. 1600-1603
DOI: 10.1126/science.1141064

REPORT
Extracellular Proteins Limit the Dispersal of Biogenic Nanoparticles

John W. Moreaul.’i, Peter K. WeberZ, Michael C. Martin3, Benjamin Gilbert4, lan D. HutcheonZ and

Jillian F. Banfield %2




Some References for SIMS Microscopy
G. Slodzian. Surface Science.48.(1961)

R. Castaing and G. Slodzian. (1962) J. Microscopy.1.395-410
(in French)

H. Liebl.(1967) J.A.P. 38.5277-5283.

R. Levi-Setti et. Al. (1986). Applied Surface Science.
26.249-264, (H+ probe)
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Why use ions?

Ions have wavelengths A T

~1% or less of that for
electrons of same energy

E
Diffraction limited spot % .
:

: ?Electrons :

size (=A/a ) is negligible
Which ion to chose?

H+ (proton) medium iSE
yield,low sputter damage.

Used by R.Levi-Setti with i ::e,gy (;0:,; o

success (1970s)

He+ - higher yields but Wavelength (A nm) of electrons,
and protons, helium and gallium

mor:e sputter. Good source ions, as a function of energy

available...

From D. Joy, ORNL



He lon Beam Microscope
(combine SEM with RBS)

* The scanned beam is 35 keV He* ions rather than electrons
* The scanned He ions are launched from a single metal atom on the ion source needle

» The helium ion source brightness of 3.6x10° A/cm?str and a 1:1 column demagnification
provide for:

+ 0.3 nm resolution at a 8§ mm working distance
¢+ A 2.5 um depth of focus

= Two detectors collect He* induced secondary electrons (SE mode) or Rutherford
Backscattered lons (RBI mode) to form two very different images simultaneously

* lon induced SE's have an energy mean of ~ 2eV with ~1nm mean free path in conductors,
+ hence SE mode images are extremely surface sensitive

* Electron floed interlace, while HIM imaging, neutralizes any positive surface charge, hence:
+ Samples need not be coated and
+ Dielectrics can be imaged at the highest beam energy and resolution
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Field Ion Microscopy

POLARIZED
He ION TO SCREEN He ATOM B
HIGH VOLTAGE \A v
"‘| ”I”I"I'? -~
(- ™ ~
/, / / ) ”\s
’ ﬂ
'Q:=~ l' ’ N n I x_
ree 7/ POSITIVE METAL TIP / ) \_U
| /////////// ........
7
A
7, 7 ” 7 X
Fig. 1 (left). Schematic drawing of a field ion microscope. Fig. 2 (center). A polarized helium atom is attracted to lh? me.tal
tip, is slowed down in a number of hops, and is ionized in the ionization zone (0.2 A thick) over a protruding atom. The. helium ion
is accelerated toward the screen (see Fig. 1). Fig. 3 (right). (4) The potential funnel of an atom in a strong electric field; (B)

the potential of an electron near the metal surface. Field ionization of the gas atom occurs when the electron from the ground state
tunnels along the dotted line into the metal to the left.

E. W.Mueller, SCIENCE.149(#3684).1960.p.591-601..



Field lon Micrograph: Platinum Tip

E. W. Mueller, Science. 149,591 (1965)

Fig. 13. Platinum crystal with a number of dislocations. The dislocation core near
the (102) plane is decorated with an impurity atom, appearing as a bright spot. A
vacancy is seen near the (113) plane.



AMERICAN VACUUM SOCIETY
CLASSICS

Field Emission

FIELD EMISSION (I Ryl (ONIZATION
AND FIELD lonization
IONIZ ATION Book by Robert Gomer

Market: Students and researchers in
vacuum and surface science,
microscopy, and semiconductor physics.
This definitive work was based on four
lectures presented at Harvard University

Robert Gomer in 1958. ... Google Books

Originally published: 1961
Author: Robert Gomer

FIELD EMISSION

Roberl Qomer




Helium lon Source







(111) W TIP (atomic view)
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Field lon Micrograph of the Unshaped Emitter




Probe Size:

Demagnified source:

Spherical aberration:

Chromatic aberration:

Diffraction Error:
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Probe Size: dp = \/(W d,f +di+d2+d]

Demagnified source:  ds, =M -d,

—
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Spherical aberration: d; =0.5C; af 9 /_
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Superposition of the aberration discs



Porakzed gas atom

Microchannel plate
phor screen

Lo

S 0N

Schematics of a field ion microscope



nsharpened tip



Carl Zeiss NTS, Peter Gnauck






Poralized gas atom

//
.bc

Microchannel plate
' P}Qscr-:f screen

= FIM tip created via chemical
etching

= ALIS tip formed with additional
reshaping

= 3 atom shelf called the “trimer”
created through field evaporation

= Single atom selected to form the
final probe

= Results in a sub-angstrom virtual
source with high brightness (4x10°
A/(cm? sr)) and low energy spread
(<1eV)



Source.
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Focus.

lon Beam.

Aperture _

Scanning
Deflectors.

Electron Detector lon Detector
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Ce-

10keV Si

He*->

Electron and ion
trajectories plotted on
the same size scale

Range Ratio @E
(Electron/Ion) ~ E

30keV Si

He*>

0.34 um

1 um




SE1 + SE2

e beam induced secondary electrons He ion induced secondary electrons

SE1 are produced directly by the primary beam
SE2 are produced by the backscattered beam as it exits
sample



Final Lens

Electron

Flood Gun , l/

Everhart
Thornley

Sample



The Helium Ton Microscope

=Similar in concept to
the SEM but different
in crucial details..
*Uses a He+ (or other) > __
ion instead of electrons “—

ZEISS ORION
installed at Harvard Courtesy
Dr. David Bell




Secondary Electrons

Surface Information

Yield varies with matenial (range ~2-8)

SE image provides both topographic information and
material contrast

Typical Energy ~5 eV

SE Yield Ranges from 3 to 8

Escape Depth ~ nm

Backscattered lons

Material Information

Scatter yield varies as Z2 of target

Scatter energy varies with mass of target (similar to RBS)
Typical Energy ~ several keV

Typical Yield ~ 0.1% to 3%

Minimal Topographic Information

Immune to surface charging

Provides material information.
Scatter cross section varies with ~Z2 of the target
Provide crystallographic information

Other Contrast Mechanisms

Channeling Contrast
Voltage Contrast
Photon Imaging “lon luminescence”




SEM @ 500V
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sample courtesy of Al Lysse, Carl Zeiss SMT Inc., US
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ORION @ 30kV




Eutectic Alloy of Pb, Sn, In, and Bi

‘ : — ,w\k ,\\

\ SEM Image WM/ -~ | ORION™ SE Image

20 pm Nag= 204X EHT= 182 kV Sigral= 1000 Signal A=irlers  Cale 24 Nev 20068 ZEISS
— Wh= Smm ESB Geid= 300V mage Picw Siee Adnm Sgral B =582 Timo 2:45:33

< -s54n
_Iy' File Name » HJ _crystals 01 0§f e

Depth of Field inversely proportional to Half Angle (o) of incident beam



* contacted nanowire

* device bonded to its chip
carrier

*WD=95mm!

courtesy of Prof. Jacob, .. '
EMPA Diibendorf, CH S e

* best imaging WD @ 6-8 mm

* advantage for imaging samples
with big topography if ROl is not
highest (e.g. curved samples)



Note how the RBI image
contains very little edge
information




SE image He lon Backscattered image

From P. Gnauck, Zeiss
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* Transmission lon imaging performed
with a "Conversion Style" detector

* Transmission image of EUV mask
clearly shows the absorber stack, the
cap layer, and the multi-layers

= An improved detector in development
which will allow both bright and dark

field imaging



Channeling Contrast
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Contrast differences due to grain
orientation
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Backscattered ions have high energy Charge control in Secondary electron
and are impervious to surface charging mode using an electron flood gun




Self supporting

Asbestos Fiber on Holey Carbon Film



=Virtually no X-ray production - use
backscattered helium for materials
characterization

=Cross section for scattering (RBI Yield,
Imaging)
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= Backscatter Energy for spectroscopy
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He Backscatter Spectra from ZrO2 Layers (1-40 ALD Cycles)
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Figure 1: Helium backscatter spectra from a set of ZrO, films on silicon.
The legend indicates the number of ALD cycles used to grow the various films.
Samples provided courtesy of Dr. Steffen Teichert, Qimonda (Dresden, Germany).
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Film Thickness vs ALD Cycles
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From B. Thompson, Zeiss



The Helium ion microscope is based upon a gas field ionization source.
Unique properties :

o high resolution

o different contrast mechanisms ( SE and RBI mode)

o large depth of focus

o high surface sensitivity

o strong channeling contrast.
The helium ion microscope can be used for fabrication.
Disadvantages:

o Source stability

o Beam induced damage

o Not fully developed technology
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