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BACKGROUND

Electron microscopy is used to detect, measure, and analyze constituestisipresry
small areas of materials. Hydrocarbon contaminants adsorbed on the sudscaiidace films
interacting with the incident electron probe beam can distort the resudtsliStbrtion may take the
form of deposits of polymer in the scanned area, a darkening of the scannedas®af a |
resolution, or other artifacts. Deposits created by the interaction of the pavhenlith the surface
specimen also may interfere with the probe beam or emitted electrons ayslad thus adversely
affect accurate analysis. Deposits also add uncertainty to SEM measarettlihs in
semiconductor-device, critical-dimension metrology. These Hydrocarbons seaforetrace levels
in ordinary room air and come from living organisms and man-made materialrfatas exposed
to room air at atmospheric pressure accumulate these hydrocarbons. Initoedeator industry,
said contamination is known as Airborne Molecular Contamination or “AMC”. Redunithg a
controlling AMC is an active area of concern for semiconductor manufacage®vice dimensions
move into the sub 100-nm range. Some of hydrocarbon molecules associated with AM@eare lar
enough (1-10 nm) to be imaged with HR FESEM and interfere semiconductor lithograpbysas
in the sub 100 nm range. Surfaces are further hydrocarbon contaminated by touchingptthe use
outgassing materials in vacuum system, or, in general, “poor vacuum practices.”

Traditionally, contamination control in SEMs has focused on pump oils, finger prints, dirty
specimens, and good vacuum practice in manufacturing. The use of dry pumps geslbstae
vacuum system of new FE SEMS, and the use of better vacuum practices on the pastamduse
manufacturers have made AMC, the hydrocarbon background contamination in aiificasig
source of the remaining hydrocarbons in electron microscope vacuum syBb&ss environmental
sources of hydrocarbons (HC) cause a loss of resolution and contrast in intdgenbighest levels
of magnification.

It is important to understand that SEMs are not designed from the ground up as ultra high
vacuum instruments. Unlike XPS and Auger spectrometer systems that regaihéghltvacuum to
obtain high resolution energy information from the emitted electrons, elecicomsgopes only
look at electron flux. Backscatter detectors do have some energy discriminatithe baéergy
filtering is crude and does not need ultra high vacuum. High vacuum SEMs are not bothered by
water vapor and can do imaging with pressures in the low 10-5 Torr range ppetimen chamber.
But good SEM imaging is disrupted by HC. Roughing pump oil in the chamber with a partial
pressure of 10-7 Torr will cause black squares to form on specimen images.

The Semiconductor industry and associated nano-sciences have brought on a demand for
instruments that can image structures <5nm in size at < 2KV. Instrumpofacirers have



responded with Field Emission (FE) instruments that can give better than 40Qk0¥iozdion with
ease and at high contrast with low KV beams. Control of contamination has takemmpartamnce

as semiconductor manufacturers move to ever smaller dimensions. It dy @loeamon to be

looking with low KV (<2KV) at features <10nm in size that are close to theutssollimits of the
instruments. In such cases, the smallest amount of HC in the chamber can oasis¥ eekolution
and contrast. The electron beam reacts with any stray HC in the beam path swfattesto

create HC ions that then condense and form a hydrocarbon gunk on the area being seapited. D
dry pumps and LN traps, these artifacts and contamination haze continue to be formets tNéhat
source and what can be done?

Figure 1. Contamination build-

up on nanoprobes under extended
SEM observation makes the
probes sticky and distorts electrical
measurements. (XEI Collection)

SOURCES OF CONTAMINATION
Contaminants typically are introduced by one of four ways:
- by the evacuation system (backstreaming)
on the specimen
on the specimen stage
by manufacturing
in instrument servicing

Contaminants introduced from the evacuation system can be reduced by trapping,rgy purgi
by using cleaner pumps. The problems of traps and trap maintenance are well knopumps are
now standard on HR SEM instruments, but older systems still have rotary vane oil pumps and
diffusions pumps. The use of non vacuum compatible materials in the vacuum systeroussll oc
due to design errors or changing specifications. Once present inside thechhese
contaminants reside on the chamber surfaces and can be removed only slowly ama with |
efficiency by the high vacuum pump. At high vacuum, the removal rate is a function oftihe par
pressure of the contaminant and ratio of the pump inlet area to the total stetacesale the



chamber. In short, the molecule has to find the entrance to the pump in order to be rentioged. If
ratio is small, this removal rate is also small.

Figure 2. A previously clean specimen may exhibit excessive
black square formation after storage. Sputtered metal on a
substrate resolution standards usually are contaminated from
environmental sources. (AndrasVladar photo)

Specimens must always be suspect as a contamination source. Organmngpspecimens
can create their own contamination and also can also outgas to cross-contdmaickasertber.
Inorganic specimens (metals, ceramics, semiconductors, etc.) maga@ataminants into the
chamber. These may be part of the specimen, residues from sample prepatatignes, or be
caused by improper sample handling or storage techniques. In addition, clean sulifaces w
accumulate a surface film of hydrocarbon scum if left exposed to ordinary motonany length of
time. The sources of these hydrocarbons are most any living thing, orgarei; obggher source of
hydrocarbon vapors in the vicinity. While the part of the films created in thesegses dissipate
under vacuum conditions, a small amount generally remains on surfaces andienstdf cause
problems when the specimen is subsequently examined in the analytical instristehts |

Exposure of samples and surfaces in a vacuum chamber to room air is an underegcogniz
source of environment HC contamination in microscopy. Long known and understood in surface
analysis, HC collects on all surfaces exposed to room air. Room air is faltef butamounts of
organic vapors from plant, animal, and synthetic sources. XPS and Auger spegtreseapa
carbon background on everything exposed to it. The effective ways to rid surftoeseotarbon
compounds are to drive them off or destroy them with heat, sputtering, or chemicabbteht S
cleaning may leave residues. A freshly prepared specimen will sh@nflathy contamination, but
the same sample left exposed to room air overnight or longer, even in a protectiveecowidi
show surface carbon build up.

These HC residues are widely distributed and generally are at low aatiogiston the
various surfaces. Some of the HC contaminant molecules become mobile in the vacuum
environment. At high vacuum, the mean-free-path of molecules once vaporized is coenjgaoabl
longer than the dimensions of the vacuum chamber of these instruments. The contanuwanis
the vapor phase from surface to surface in the vacuum environment and are attractéociosady



electron probe beam, forming deposits through an ionization and deposition process. Snce thes
contaminants can travel large distances within the vacuum chamber and overatte ciuaf
specimen, it is important to remove or immobilize these species as muchibkepogs to an

analysis without disturbing the microstructure of the specimen.

Environmental HC can also enter into an EM chamber whenever the chamber is opened for
specimen exchange or instrument servicing. Servicing the instrumerdderrspairs, detector
exchange, pole piece replacement, etc. can bring in HC from the room air. Duwvinopge
cleaning parts with solvents is the traditional method, the results are umcettbthe system is
pumped down and an image is taken.

Environmental contamination will also accumulate on specimens used for system
performance tests. The common gold on Carbon specimens are usually contamieafsusbye to
environmental HC inside their carrier cases. These specimens are begtiagmea cleaned before
use. Plasma cleaning of specimens before they are placed in the EM clsaanb@mmonly applied
method to stop contamination from reaching the EM chamber. Desk top plasma cleaners for
cleaning specimens and TEM stages are available from several maraerfacibese cleaners use
exposure to Argon, Oxygen, or mixed gas plasmas to sputter etch the HC layesaffdoe of the
specimen and stage. Used for too long, they cause sputter damage to the speciossn surfa

SOLUTION

Figure 3 The EVACTRON De-Contaminator mounted on a Hitachi S4700 SEM. (XEI)

The Evactron De-Contaminator made by XEI Scientific offers an altectestring method
that removes environmental HC and HC from any other source from the insidetimirelec
microscopes and dual beam FIBs. Using a remote RF plasma to make O rawhcals,fEvactron
cleaning uses the pumping differential to flow the Oxygen radicals though ttimepechamber
and oxidize off the HC from all surfaces. The process is quick to remove thd tgpidavels of
HC present, and it possible to complete cleaning in less than 10 minutes on mangspacich
chambers.



shcirn Figure 4 Diagram of Evactron Cleaning
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CLEANING RESULT EXAMPLES:

Figure 5 Two locations of a silicon "grass" sample irradiated for 10 minutes befd)eafief after
(right) the use of Evactron Decontamination device. 50KX. [1]



Figure 6. Example of resolution improvement after Evactron cleaning. Small sputtaits are
visible on a semiconductor cross section at 250 KX at 5 KV on a 6 year old Hitachi S4700.
(source withheld by request)

DISCUSSION

Manufacturing :

The manufacturing of high vacuum electron beam instruments with large chaortsesf-
conductor inspection and metrology places high demands on contamination control. Tiaditiona
cleaning techniques for cleaning and degreasing are harder with lagePpaducing 100%
hydrocarbon free large chambers is almost impossible to do on these laggess¥sking large
vacuum chambers is also difficult because elastimer O-rings andgas&etsed instead of metal
seals in large systems.

The design of instruments is a necessary part of contamination control. Dry vagonos are now

a required part of the design of HR SEMs. As long as there is any possibility of durapkoi

streaming, oil filled pumps will be a suspect when there are contamination prgiskseat. Dry

pumps should be used throughout the life of the instrument. The practice of one manufacturer of
using oil pumps during manufacturing and then fitting dry pumps for the customey iardirts not

good vacuum practice. All materials used inside the chamber should be high vacuum complatible. A
plastics, lubricants, and insulators are suspect. Many contamination problemsdratraded to

the use of non-vacuum compatible materials someplace in the vacuum chambecantsibrid

insulating plastic parts are common sources.



Additionally, during the manufacturing process it is common to open the chambplaterparts or
fix problem inside the chambers. Even with engineers and technician weanneg ghd the
employment of GVP (Good Vacuum Practices) AMC will form on the exposed vacutanesurif
parts are not carefully handled or are touched with bare fingers the problemesawdrsven more
HC is introduced to the chamber. It is well known that EM instruments of the samatpeary
as to the amount of residual contamination found in them when they arrive at the cush@mer. T
variation in the handling of internal parts during manufacturing accounts for muulk pfablem.
The author has observed at a factory, an EM engineer open and touch internal parid @fteenE
trying to fix problems, a violation of GVP. The factories are trying to enfokéie, But AMC will
remain.

Solvent techniques such as vapor degreasing, ultrasonic cleaning, detergémg cte. are used to
remove oils and handling debris from vacuum system part after fabrication.fearts are
cleaned, they are subject to the deposition of AMC and water vapor from room air @vimshaf
surface layer on the part. There also may be some RC (Residual Contampitheti was missed or
redeposited during the cleaning process. For Ultra High Vacuum Systemsitbesmoved by
pumping and baking at High Vacuum. For High Vacuum systems with elastimetissgatannot be
baked, the system are simply pumped until vacuum levels in the 10-6 to 10-7 rangeeaedachi
Unfortunately at 10-7 vacuum level a surface layer of carbon contaminantsmalhrand survive
for as long as months.

The use of the Evactron De-Contaminator as an end cleaning step for SEM maimgfgcbvides
a convenient way to remove HC at the end of the manufacturing process befdesfiaad
shipping. Evactron cleaning of the chamber overnight after final assembly is edwyseveral
manufacturers to remove RC and AMC from the chambers before shipping. Th@&ksgstem is
typically installed on the chamber before final test and allowed to operateghtdo remove RC.
After cleaning, contamination levels are checked by measuring E-ébe@osition to confirm that
the instrument meets standards. If not, more Evactron cleaning is done. No sgstsardbly is
needed, just more Evactron time. The Evactron D-C ORS (oxygen radical sotnes) ismoved
by backfilling the chamber with clean dry Nitrogen to prevent AMC entry. chiaenber is then
sealed. The instrument may be shipped either filled with N2 or under vacuum. This edmplet
instrument cleaning by Evactron cleaning is being done on many e-beam imsgrbopn€EI, ZEISS
SMT, KLA-TENCOR, and Applied Materials to assure clean instruments avehs to
customers.

In summary, contamination control in manufacturing involves good design, observance of good
vacuum practice during assembly, cleaning all parts before assemblyearstbf the Evactron
De-Contaminator for post assembly reactive cleaning of the instrument.

Installation:

At the installation of a new HR SEM at a customer site, care must taken not te éxpaogerior of
the instrument to room air and accompanying AMC. When installing accessaasitod vacuum
exposed parts first ( isopropyl alcohol wipes are good) before installing. divedi@an must wear
clean gloves. Be careful not to touch the inside of the chamber, and return the dioandieas
soon as possible. The accessories will have accumulated AMC even if they havadiedy ca
handled and packed for shipping and installation. After vacuum is achieved, furthergliea



done with the Evactron De-Contaminator to remove RC and AMC. By using Evactron Glieasin
usually possible to finish off the installation of the FE-SEM instrument ancegeirmance sign-off
by the customer within a week.

Specimens:

The importance of clean specimens and clean specimen handling can not be ové&zethpViasy
technicians will still handle sample edges and stages with bare fingferg inserting them in the
SEM. This practice builds up the overall contamination load in the SEM.

Of course, not all specimens are clean. The very nature of the specimepewayfG when the e-
beam hits it. Anything organic (as in Organic Chemistry) in the specimgrconé&ribute HC
contamination. An inorganic specimen that comes in contact with finger printscqlasgs, or HC
vapors can become contaminated. In SEM work, freshly cleaved or cleanedesgeare the best
test for a clean chamber. Any specimen that sits in room air will accteANAC. Older specimens
are usually found to be contaminated with AMC. Storing specimens in containersspottar
boxes is no protection from contamination because contaminant gases may be outrgassirey f
container itself. The common Nagalene transporter boxes for Si Wafers ino8doutor fabs
should be considered a source of AMC from outgassing of HC from the plastic. Twalgaod
ways to store specimens are under vacuum with dry pumps or in a container constag iy tged
with a clean gas such as clean, dry nitrogen.

Specimens that need to be cleaned because they are not fresh or othegwisaydie cleaned in a
Desktop Plasma Cleaner. Plasma units using Argon clean by using sptitey.€dxygen can
clean by either sputter etch or by chemical etch mechanism. Sputter etchdthbaurfaces
with ions and rips atoms and molecules off the surface. Because of the kineticadribey
bombarding ions, surface damage to the specimens is common when sputter cleatting.are
Sputter etch is limited by mean free path considerations to vacuums below aboutlig@% aniB0
Pa. At high pressures, chemical etch with neutral radicals and reactivehdieettne the cleaning
mechanisms. For chemical etch to be effective, the reaction products must be soldiey can be
carried to the vacuum pumps. For hydrocarbons, oxygen is an excellent chechiggsebecause
the HC oxides and HCO fragments have high partial pressures and can be pumped out.

The Evactron De-Contaminator can be used to clean specimens as well as ther dhitue
specimen is present during Evactron cleaning. Evactron cleaning is an oxathetmieal etch with
little specimen damage. Evactron cleaning is very useful on direct loadMg ®ithout a loadlock.
During pump down of the chamber, the Evactron De-Contaminator is operated for a couple of
minutes to remove sample contamination and to remove AMC from the chamber.



Figure 7. An example of Evactron Specimen
cleaning in-situ post exposure. A two minute
exposure in a S4700 laid down a deposit (top)
that was removed with two minutes of post
exposure cleaning in the chamber. (Rick
Passey- HP)

Instrument Servicing.

The rule is that anything exposed to room air is contaminated with AMC. The lorger ibom

air, the more it will contaminate in the SEM. Any parts that are replackd BEM high vacuum
chamber will bring in new contaminants into the system This is regardless ¢fhi@gart is handled
or packaged. Poor handling (without gloves) and hydrocarbon containing packaging caalaly
the problem worse. An open high vacuum chamber without an active N2 purge will have AMC
accumulate due to exposure to room air. Is not uncommon that after a procedure quule pgeae
change that a field engineer will spend a week pumping on the system ¢rgcigieve
contamination free images.

The Evactron De-Contaminator is now in regular use by several EM companieZlEES SMT,
Applied Materials, and KLA Tencor ) in their service departments to cleatr@éh beam
instruments in the field for clean up after instrument servicing or afteuwaaccidents that
contaminate the instruments.

Conclusion

Hydrocarbon (HC) background and contamination is hard to avoid in our carbon based world. Even
with the most careful handling carbon contamination artifacts from AMC cap tread interfere

with imaging and measurement in e-beam instruments. The Evactron De-Cordamade by

XEI Scientific is a tool that actively removes HC from the vacuum systempaathgens within it

to prevent these problems.
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