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Past, present, and future
- the evolution of x-ray analysis

A Introduction to EDS fundamentals
A Evolution of EDS systems

A Examples
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X-ray generation
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Microscope parameters

To excite an x-ray line, we need electrons possessing energy greater than the
corresponding absorption line.  Ryle of thumb: twice the energy of theray line.

The electron energy is a function of the microscope acceleration voltage.

10 kV acceleration voltage =—— 10 keV electron energy

Number of x-rays ® Number of electrons

The number of electrons is measured by the beam current.

The beam current depends on spot size/probe size and aperture size.
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Microscope parameters

To get a good x-ray spectrum we need enough acceleration voltage to excite the
elements of interest and enough current to get good count numbers.

On modern SEMs acceleration voltage, spot size and apertures are easy to adjust and
typically on minor corrections are needed after changing any of the parameters.

However, a good SEM image is not a guarantee for a good x-ray spectrum.

No x-ray generation!

Carbon nanotubes imaged at 30 V, 250 pA

(Zeiss Merlin product information pdf)
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Geometry

|ID=intersection distance (mm)
EA=elevation angle
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EDS Detector Technology

A Evolution of EDS Detectors

A Detector Components and Considerations
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EDS Detector Technology

A SiLi, Silicon Lithium, detectors were the predominant
technology in Energy Dispersive Spectroscopy for decades.

X-ray Si(Li) Detector & FET
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analog to

Hybrid and finally to
digital pulse processing
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A Brief History of the SDD

SDD technology has been around for 20 + years

Lat el9906s began more exploratic
to SiLi detectors in research environments.

Early 200006s saw the first comme
with convenience of no LN.

2004 the SDD capability was feasible for use, but
performance suffered compared to SiLli

2008 Size grew, Resolution improved, but electronics
lagged

2012 First nAPlug & Playo with f:
performance enhancements become priority
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Detector Component Considerations

A The Silicon Drift Detector should be considered a system
consisting of traditionally three main components:

A SDD Chip
A FET
A Electronics pulse processing
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SDD Chip Types

A Various sizes, shapes and types available
A High purity silicon chip
A Voltage drift fields actively drive events to collecting anode

A Low capacitance

3 aspects together capture SDD
premium performance:
I Input (Solid angle, kV, beam current)
T Output (process time, dead time)
I Resolution (peak width, FWHM)
l.e. 127 eV at 100 k CPS and 30% DT or
127 eV at 70 k CPS throughput
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SDD Chip & FET

GN Uon Driftfield Ur Anode I\
D

T

Homogeneous thin entrance window

UBACK

AMETEK EDM.

MATERIALS ANALYSIS DIVISION Smart Insight

12




SDDs vs SiLi - How the SDD works

Charge

Collection:
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Electronics Processing - CUBE Technology

A CMOS charge preamplifier vs. JFET

A Allows superior noise performances at
very short s thaenergyg
resolutions at short shaping time are. f
by far, better with CUBE than with ' >
any available state-of-the-art JFET (e Qs.gn:_c.n i
connected to standard circular :T il

Cout

—

SDD. * o

L L I = k.
CUBE
Conflg u red for Com paCt S D D mOd UIeS Fig.1. Simplified schematic of the CUBE preamplifier connected to a
SDD detector.
* A C U B E 06-noiseACMD® Rveamplifier as Alternative to JFET Front-end for High-count
Rate Spectroscopy. 2011 IEEE Nuclear Science Symposium Conference Record. Bombelli, L.
et al.
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Detector Component Considerations

A The Silicon Drift Detector should be considered a system
consisting of traditionally three main components:
i SDD Chip
i FET
I Electronics pulse processing

Now four:
I Window Type
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Silicon Nitride Window

A Increased transmissivity

A Vacuum tight
I Can achieve lower temperatures using less power
I Compact size

I Flexibility in environmental needs

g

A Can be plasma cleaned

2
S

silicon Nitride Window |

T lIdeal for FIBs & low vac SEMs
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Silicon Nitride Window

A Si,N, is known for

17

Thermal resistance
Corrosion & shock resistance

Chemically inert except to HF, H,SO, and other
strong acids in presence of humidity and high
temps above 140AC

Use as a cutting tool due to fracture toughness,
hardness and wear resistance (25 times stronger
than WC, but not used due to cost)

Used as passivation barrier in microelectronics i
chemical and diffusion barrier against water and
Na ions.
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Introducing EDAX Element Silicon Drift
Detector (SDD)

First Commercially available major EDS detector with:
A CUBE technology

I Fastest signal processing with
highest quality resolution

A Silicon Nitride window

I Increased transmission of x-rays
for higher counts and low kV
applications

A New applications
I Low kV
I Thin films, heavy metals
I Semiconductor

wwmeTek Pharmaceutical EDM
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