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Infroduction System reqgquirements and constraints

Combining structural imaging with analytical o
imaging opens new doors in modern natural y | Very limited space
sclence. An electron microscope usesa focused Pomas |0 |

electron beam (FEB) for structural imaging. For

sample can
be tilted

nano-scale manipulation of surfaces a focused

lon beam (FIB) is used. During processing a small

amount of secondary ions are produced which ed space inside the microscope

<Ll be Used fOr AEEE SpeCTromeTW (SlMS) ) illustration of a surface image with combined mass Ox:Isy[/asT;] i@ MAsS OHOIIyzer mUST be plClced OUTSide llmlTed SpOC@ at The outer
@ transfer optic needed housing of the microscope

@ compact design needed

Secondary ion beam

Low current secondary ion beam

typical primary ion beam: 4 nA ... 500 pA

typical secondary ion beam yield: 2 ... 0.25 pA, e.g. 1x10° ... 1.5 x 10° ions per 100 ms
@ high efficient transfer optic needed

System desigh and medasurement seguence

¢ SIMS is an independent add-on device, ® During surface processing secondary

but must not influence the microscope lons are collected and accumulated
capabillities.

e Secondary ions are transferred into the . L o . o
e All electrical and mechanical feed mass analyzer while FIB is blanked (off) High kinetic energy distribution Adverse ion beam direction

throughs are done with a single flange

1L Thompson distribution: -

<E.>=68eV - Cosine-distribution:
e LA Lk A Only 0.44% of secondary
lons have suitable
direction to the SIMS orifice

e Previously trapped ions are analyzed during
e SIMS Is hardware triggered by the FIB next collecting and accumulating time slof
fo start measuring
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condary ions generate skcondary ions generate s€condary ions generate kinefic energy of secondary ions [eV] l‘. eXTrOCTlon |eﬂses needed
@ COoling with damping-gas required

sfondary ions occumuotd sel:ondory ions occumulo’rtd setondory ions occumulo’rtd Diffic U I-I- vq C U U m C o n d inl-io n

ions fransferred into analyzer ions fransferred into analyzer ® d am p| N g SGCTIO N WlTh f| Ne vacuum req U |red SIMS chamber:

: - : . . < 1.0 x 10° mbar
e Ulfra high vacuum needed for high resolution imaging secton: ~
e mMass analyzer requires ulira high vacuum, too 5.0 x 10° mbar -

chamber vacuum:
1.0 x 10®° mbar

fft mass analyzing fft mass analyzing fft mass analyzing l" preSSU re STO g es N eed ed

compact and fully infegrated SIMS-device

100 ms




System construction and dimensioning
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System potentials: Overview

To avoid high secondary ion divergence affter extraction the
lons are not shifted to ground potential. Thus the entire system
s shiffed by about -50V (including 3D frap).

Stage 1
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DC gradient (lonGuide) WaveGuide

SIMS potential
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SIMS axis

Stage 1: Exiraction lenses

Two electrostatic lenses focus the secondary ions intfo the SIMS.
The lenses incorporate also a ditfferential pressure stage to
separate target and cooling section.

I5 x 10° mbar
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Stage 2: lon transfer and cooling

A 342 mm octagonal shaped linear guadrupole
frap made with PCBs (lonGuide) guides the ions
to the accumulation section.

Stage 3
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The lon trapping cross section (diameter 18 mm)
is 30 to 50% bigger compared to common linear
traps made with rods.
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The ilons are cooled down with heliu
as damping gas (10 sccm) and radial
bunched by the quadrupole field.

standard cross section

Improved cross section

tube diameter: 30 mm

Stage 3: Multihyperbolic Quadrupole slice

To effectively reduce the core diameter
of the traps two multinyperbolic slices
are used. Electrically the field is nof
distorted.

diameter reduction:
180mMmm —>50mm —> 1.5 mm

Stage 4: WaveGuide and pressure stage

Stacked quadrupole slices are used for realizing a potential well at the end

of the lonGuide section. This section is used for accumulation.

The ions are radially and axially bunched. ) WaveGuide segment
JeREERuEeatul

After accumulation the ions are transferred within - "4 - I -

the potential well by an axially segmented linear

lon trap (WaveGuide).

The focused ions are transterred through o
differential pressure stage into the 3D ion trap

for analyzing.
I 5x 10° mbar

I 5x 107" mbar

Stage 5: Fourier fransform 3D quadrupole ion frap

The Fourier tfranstorm 3D quadrupole trap Is used
to measure the influence charge of stored ions
and 1s similar o ICR.

This method features a high dynamic range and
a high mass resolution in combination with @
very compact design.
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