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More Than One Ever Wanted To Know

About X-ray Detectors

The First in a Series
Mark W. Lund, MOXTEK, Inc.

Spiderman carefully slid the sample of mud into the microscope. As he
increased the magnification he caught sight of a tiny spherical crystal.
Zooming in on it, he said "Let's see what it's made of', He reached over and
flipped on the x-ray detector. As the spectrum formed on the screen a gasp
went through the small group of researchers: “Kryptonite. . .the intruder is
from another comic strip!”

The primary function of a microscope is to get a closer look at a
sample. Many times a closer look I1s enough. Other times you need as much
information as possible to solve a problem. In the above example, a reading
of the chemical elements contained in the sample gave important clues
about the sample's origin. A-ray analysis in electron microscopy combines
elemental analysis with high resolution imaging. Of all the analytical
techniques available to microscopists, it is the most highly developed and
easiest to use.

An electron microscope uses an electron beam to form an image of an
object. As the image is formed, the electron beam interacts strongly with the
sample, creating (along with heat, light, and sound) x-rays. The electron
beam gives an image of the sample. The x-rays contain information about
the composition of the sample. Adding an x-ray spectrometer to an electron
microscope can form a very powerful instrument.

VWhen the electron beam strikes the sample it can generate x-rays in
several ways. As the electrons strike the sample many are slowed, stopped,
or deflected. The resulting change of momentum produces a broadband
x-ray spectrum called continuous radiation or bremsstrahlung. As the
incoming electrons disturb the inner shell electrons in the sample, the atoms
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produce characteristic radiation in the form of x-ray spectral lines, just as the
outer shell electrons produce light spectra and as vibrating molecules produce
infrared spectra. Most of the x-rays produced in an electron micrascope come
from these two mechanisms.

The x-ray spectrum can be measured in two different ways The maost
common directly measures the energy of each x-ray and is termed energy
dispersive spectrometry (EDS). The other method measures the wavelength of
the x-rays and is termed wavelength dispersive spectrometry (WDS). In the
future | plan to discuss WDS in detail, but for now | will stick to EDS, since it is
the most common.

Energy dispersive spectroscopy is like measuring the speed of a baseball
by putting a thermometer in the catcher's mitt. An energy dispersive
spectrometer measures the energy of each x-ray by letting the x-ray dissipate all
its energy in a semiconductor crystal. Most of the energy is converted fo
phonons, but a predictable fraction of the energy goes to create free charges in
the form of electron hole pairs. As these charges move through an electric field
applied to the crystal a fransient current flows, stopping when the charges either
reach the electrodes or are trapped by crystal defects. The integrated current (or
charge) from this event is proportional to the energy of the x-ray.

Making this measurement is literally a heroic effort. A magnesium Ko x-ray
will produce about 300 electron hole pairs. A boron Ko X-ray will produce only
50 electron hole pairs. Current state of the art is to have a mean error in this
measurement of 3 electrons. Literally hundreds of thousands of hours have been
spent developing more efficient crystals, lower noise electronics, and optimized
pulse processing to reach this level. If you have a Si(Li) detector system, you are
in the presence of one of the lowest noise preamplifiers ever built.

Any semiconductor could be used as the detection crystal. The practical
ones (in 1994) are silicon, germanium, mercuric iodide, and cadmium telluride.
Of these only silicon and germanium are used in electron microscope
spectrometers. Because of their relatively small band gaps, silicon and
germanium must be cooled to liquid nitrogen temperatures to eliminate thermally
generated dark current.

Silicon EDS detectors are used most of the time. It has so far proven
impossible to purify silicon to the point that it has high resistivity at 77°K  This is
primarily due to the presence of low levels of boron, which produces holes that
carry leakage current. |If you could match up a small atom willing to donate an
electron with each boron atom you could "compensate” the crystal to have no net
carriers at low temperatures.

This is what is done in a lithium drifted silicon (or Si(Li)) detector. Lithium is
the only monovalent atom small enough to diffuse into silicon at low
temperatures. If the diffusion is done in an electric field the lithium atoms (which
are ionized at the drifting temperature) will drift into the crystal to form an
opposing field. When the field in the crystal is canceled by the drifted lithium ions,
the lithium stops drifting and the crystal is exactly compensated. After the drifting
is completed the crystal must be kept cold to prevent the lithium from drifting out
of it.

Germanium can be purified to infrinsic levels and does not need to be
lithium drifted.  Since germanium has a smaller band gap than silicon, an x-ray
will generate mare charges in a germanium crystal than a silicon crystal. This
gives the germanium slightly better resolution. There are many technical
problems with the production of germanium x-ray detectors. They have only
recently been infroduced into the marketplace.

EDS can detect all elements heavier than lithium. As the elements increase
in atomic number the energies of their x-rays increase. The very light elements
(beryllium through fluoride) require special detector ultrathin windows for
detection. Elements heavier than sodium can be detected with standard
beryllium window detectors.

P.S.: Kryptonite can be detected only under very special conditions. M

This article is intended as an overview of the field of x-ray spectroscopy and is
the first of a serfes. Future articles will go deeper into this powerful technique.
Coments, suggestions, efc. on the series are invited: Mark Lund, MOXTEK. INC.
Tel.: (801)225-0930, Fax: (801)221-1121.
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SCANNERS CORPORATION NEWS

SCANMAG UPGRADE FOR QUALITY SEM SERVICE
1 Scanner's Corporation , having been an alternative to

ETEC SEM S IS HERE! ’ ' expensive factory SEM service since 1986 , announces the
opening of a Sales and Service office in Greenville , SC.
Here is an example of what make us one of the leading third
party service organizations in North America.

Cambridge/Leica S-100 Full Service Contract:

Includes all parts!

Includes all travel related charges!

Includes unlimited emergencies!

Includes unlimited telephone diagnostics

Includes guaranteed response time

SERVICE CONTACT PRICE --- $5,600.00

This is our normal, everyday price. In fact , our pricing
has not changed by more than 10% over the past five years.
And, that change has been to the benefit of the customer!
We now offer a 1-800 service line, a nationwide paging
service, and guaranteed four hour response time! Is your
service provider doing this well???

F.E. POSITION AVAILABLE

Consider Scanners Corporation for a career change. We

= SRR

Bk 3.13KX  13MM 20KV - :
PCi2 10158 04-26-94 offer a stable, stress free work environment, above industry
COMPANY OR DEPT. NAME HERE _ average salaries, company auto, and company paid health

benefits.. If you have 3+ years SEM experience, please call
our main office to schedule an interview.

Scanners Corporation proudly introduces FOR SALE

SCANMAG, the true Digital Magnification Cambridge S-100, fully refurbished, one year warranty.
Control upgrade for your ETEC AUTOSCAN or  Delivered price: $25.,000.00

other older analog scanning electron
microscopes.

ETEC AUTOSCAN, fully refurbished, with SCAN-
MAG upgrade, PC based quantitative EDS, GW BSE detec-
tor, and Digital Imaging package. Includes one year

warranty. Delivered price: $50,000.00

SPECIFICATIONS
*486DX-33 PC based DID YOU KNOW???

*Expanded Data Display includes: Scanner's Corporation can provide you with a brand new
T & Dale full quantitative PC based EDS Analyzer for any SEM for
Enhanced Micron Marker T :
Very Accurate Mag Display under $26.000! We also offer PC based Digital Imaging

AEalliSereeniTent Interfacs Systems, starting at less than $10,000.00 which includes
Interactive Mouse Control the PC and a 4 x 5 thermal printer.

Text entry anywhere in the F.O.V.

*Speed Sensitive Zoom Knob Contact Gary Easton at:

* : :

Attractl.ve Front Panel Display SCANNERS CORPORATION

*Dynamic Focus Control 5

*Tilt Compensation Control 5320 Enterprise Street, Ste. L

*X-Y Image Shift(Electrical) Eldersburg, Maryland 21784

TOLL FREE 1-800-466-SCAN
PRI CE T i e $7 ,S 0 0 L 00 All trademarks and trademark names are the property of their respective owners
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