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ORIGINAL PAcs 13

INTRODUCTION, OF POOR QUAUTY

Thiz report iz the firal report of the contract HNC 2-239.
However a3 the principle investigator (R, Browning) is
lezving Eloret Institute the report will cover not only the
rpreceeding years work, Feb~{983 to Feb-1985, but also will
sum up the generzl staztus of +the work done while the
principle investinztor has worked under NABA contracts at
Eloret, This {11 cover the 4,5 years Aug-1881 to Feb-1{28R,

The aengral direction of the work over the 4.5 vear

contract ceriod has fzllen into three broad arnd overlapping

£ -

endesvors covering the sapplication of Scanning  Auger

Electran Microscopy [(SAMY to NASA related mat als science

m

problems, These +three lines of endesvor were (a) the
performsrce improvement of the NASA-SAM microscope, (b))  the
development 0f novel experimentzl methodologies, and (o)
the actual gensration of expsrimental data for input  into

the mate sriernce gffort of the wvarious NASA centers.

ﬂl
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vt the inception of the contracts it was apparent that

ar
I
m

the instrument, although techrically advanced in resepect of

the electron optics, was still & prototyee, and without =

m

ronsidersble desiarn effort would remain laraely

laboratory curiosity with little practical oputput, The
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proposals  for the first two vears of rorntract period
therfore deszalt mainly with the modification of the

instrumerntztion, This included the full computerizztion of
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the microscope and the building of & fast cycle sample
introduction system, amongst other modifications, These
modifications are described in more detzil in & later
section but in summary this investigstor believes that the
&1l the major instrumentation aims 2f those eroposszls were
met, In consequence the instrumert has row the most
advanced capabilities for Auaer imaging in the world bar
rnore, The instrumert cin now be used both for regular and
speciglist materials science research and has produced
results riot obtainable with any other instrumsnt or single

technique,

(bY The field of Bcanming Auger Microszcopy s & relatively
rnew orne and still in a state of dynamic development with
respect to both instrumertation and experimentzl methods,
The development of specizlized experimerntzl methodolngies
that are particularly suited to NASA materizlzs scierce
problemz has been singularly succeszful, Mary of the NABA
materizl sciernce problems can best be described 2z the
characterization of materiazls with small scale randomly
distributed irhomogereitiesz, Svstems such zz precipitate

hardered s&llovs and whisker hardered zllove fall into this

category, The problem with zuch multicomporent svstems i

in their complexity, rot only =zz smsll scale compelex im

m
i1}
D
I

but also but in the variety arnd aquantity of poszible (and
urikmowr)  inkhomogerneities, The invention ~f multi-spectral
duger imaging urder this MASA contract shows & nice

symmetry in  that the stztisticsl multi-zpectral imsging

T



methods used for the anzlysis of NASA materisls, sre thosze
same methods developed by NASA for remote multi-spectral
imzge interpretstion, Theze methods applied to Scanrnirg

Auger  microscopy bave 501 ved many cf the problems

szoristed with the techniaue and hzve put the microzcope

as

&t the forefront of internationsl development in the field,

(¢) The realization of the powsr of
takern = large proportion of the 4.5 year contract period
and the immediate materizls sciernce berefits &are rnot as
extenzive az & zimple translztion of time to results would
demznd, The rezults  that Fhave besn produced on  the
irstrument have however beern of hkigh aquality, In one case
results from the microscore may lead to & rethirk of &
materizls science problem of cerzidersble  ecconomic
importance and in other czses have produced quite
urexpected results that mzy well impact orn NASA's ceramic
rezezrch efforts and  the production of  metal mstrix
composites, A further resezrch effort initisted by the
principle irvestigator in conjunction with NASA~Lewis ard
rot involving the microscope has  produced important
inzightz into the high temperzture oxidation of NiCrél’'s,

Thiz is dizcussed in & separste zection of thiz report,
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ORIGWL L fau 2t i3
1T, INSTRUMENT MODIFICATIONS, nE paoR GUALITY

The modifications to the  Scarning Auger Microscope
ingtrumentztion have covered =z wide rarge of differert
sspects, The most critical inm terms of the quslity of
irnformation from the microzcope was the computerization of
the microscope conmtrol and datz aquizition, This was
criticsl in  that the signal-to-rioise characteristics of the
microscope and the compleX contrast mechznisms in Auger
imsging require modsrately sophisticated siansl procezsing
and & careful evaluation of the information, The rext most
important zres of modification was the fittirg of & rapld
cycle specimen introduction syztem, This introduction
system haz iftself gore though & process of developmert
culminating with the replacement of the microscope specimen
stage with & totally new x.v,2 ztage more =zuitzble to the
resds  of rapid specimen cveling, The  more recent
developments with the instrumertation have been with the
gddition of & fine point ion milling gun and the
rearasrization of the ion clezninmg gur and aqas hardling
system, There have beern z zeries of more mirmor, but rnot
urimportant, modificstions, The SEM detector has  been
chanaed from a Cherneltron to0 2 rovel =intillator and light
tubs arrangement, Thiz detesctor is used both for ZEM  zand
ion imaging and hzs coneiderzbly improved the quslity of

the SEM informztion, There have been & series of on oing

iia}

modificatinons to the pumeing svstem with the zdditionm of =

turbo pume, differentizl azz lime pumping, wvacuum zir lock,

s g e g
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ard bakeout overns, The purpuse of all these modifications
to improve the {ntegrity and speed of the pumping system,
The electron gun has urdegone miror modificaticorns to
improve ite  bakesbility, relizbility and esze of
sdjustment, The electron gun sezting &lso has been modified
to  improve  its mechsznical reliability &nd vibration
stability, There have been numerous modifications o the
instrumentation electronics some of which are described

below urder the heading of microscope computerizaetion,

ii,1 Microscope Computerization,

als =zre very low level
and on & lazras backaround, Courts of from 160 4o 102
electron Sournts on & background of 10220 courts in 2 109ms
gzmpling pericd  would be  typical, The reduction znd
interpretation of thiz low level signal is complicated by

two factors, firstly the field emmisiom procceszs i
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noisy giving beam current fluctuztions of 10%, and secondly
the Auger yeild mechanizms zre multiple and complex. A
multiele signal channel approach wazs decided on to  produce
eroual  informetion to normalize beam curremt fluctuztions
arnd discriminzte azgainst “urpwanted’ coantrast  such &z

topcaraphical contrast, The lorg agquisition timez for

sigrnal collsction &lse sugoested thet the comtrol of the

sgy@é9%”mw-‘



uttempted, A radical  overhaul of the electronics was
therefore irstituted and & fully computerized raster scan
control &nd Auger scan control  abu dats collection system
was built, This srtem was bzsed on & Hewlett-Packard 98458
computer and & specizlized SEM/Auger microszcope irtsrface
unit, This interface unit wzs bullt at NASA entirely by the
prirnciple investigator, Multiple signasls can be collected
simultaneously znd seversl modes of operstion were mzde
possible by the combirstior pf digital sigrnal procceszsing
and digitsl BEM puteut, The softwere for the collection of
spectra, lirescarsz, imzges, GSEM images, datz smoothing,
dats expsnzior, filing, housekeering &-d operétirg the

microscaps heve brorn diéveloped contirucusly over the 4,5

1Y

yezr priod of the NASA cortacts zed zre =2%i11 bein

developed, The arztem is dicusszed im  technicsl detzil  in
ref 1. ,  The dztz svetem has beern very successful not

anly in erskEling the meritz of the electron optics to be

10

rexlised but zlso in making the collection of dztz =
routine, relisble zrd prompt process, The dsts syet

offered the zdditioral berefit, rot shsred by commercisl
svstemsz, of irhouse softwsre control. Software control in
thiz context also mesns experiment control and thiz  has
lead to the invention of seversl new techniques in  Auger

microscopy, Ref 2.
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IT1, HOVEL SaM METHODS FOR MATERIALS SCIENCE,

Two faztors hase influenced the develepment of ewperimenisl
methodalogiez feor snelvsing NASA relasted materisls, The
firzt factor i3 4he signal characteristice of the Auger
microscope and the second fector is  the neture of the
materialg, The &are &5 wvariety of problems inherent in
extracting meaningful elemental compositions from Auger
sigrals, Firstly +the Auger signal is low level znd roisy
grd  secondly the infarmation depends in & compley way on
the probe heam/sprecimen interaction, The Auger vield can be
strorngly dependent on specimen i{opography, matrix effects,
diffraction effects and surface preparstion methods zz well
zs bulk elemental concentration, Clearly the complex
contrast effectz zrd the low level signzl interact 1o
reduze the auality of the Auger information and imely long

ori times to get sufficient accuracy, either for
auartitative determinations from spectrs or for planometric
meazuremerts from imsges, Spectrz are typically collected
over 100-1620s and images over 109€-10006s, This imeoses
considerable constrants on the melhanicel stabiltiy of the
specimen stzae and on the stability of the probe forming
glectronics if the ultimate spatizl  resolution of the
microscope is to be achieved, In fact the stsbilitiez are
not riearly good enough  and limit the spatial resoluticn of
spectral measurements to Z00%A at beszt, Hisher sestisl
rezolution can be azchieved if mezsurement time iz short bul

ther & limited amount of information cam be collested,

.
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Normally imsgez are collected with & zhort sauisition time
per picture element and it is this form of information that
has  the potentially highest sp=.ial resolution,
Corvertionsl Auger imzges however Jjust have ore Auger
transition measured per picture element and do mot contsin
eufficient information to normzlize s9zinst other contrast
effects besides elemental concentration, Further single
elemazrital images becsuse of specimen drifts cannot bhe
accurately  compeared with other  imzaes, The uge of
multispectral imaging gives images thst rot only heve good
spatial correspondance but slzo  the techrique allows the
informztion fto be manipulated to improve the signsl
secarastion from unwsnted corntrast such 3z specimer
topograshy, The image stztisticzl methpds used for
mariipulsting imzges from  multispectrsl remote gersing
equipment can be applied with only mirnor modificztions ir
methodology and  have been  very succesful in their
gpplication +to  Auger imsging, The differerces in mrethods
are due to  the fact that the specimem carn be  insged
repeatedly ower the same areaz with different callection
parameters, unlike LANSAT, and the sianzl to roise ratioz
are gernerally poorer than thpse used in remote zernsing, Tre
methods of imaae partition are therefore different becauss
an  interactive partionina/collection loop carn be used to
those the best collection parsmeters and  the best
rpartioning scheme, This iz also normelly done with reduced
pixel imsges, oftern only 32x32, +o s=ave calculstior and

collectinn time while increasing sempling time per pixel, &
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further difference is the maanification carn ke changed

isolate particular fosturez and naturally this removes much
of the uncertainty in partioning, thus many of the more
compley automztic classificstion schemes zre not needed,
The use of the Hotelling tranzform has been laraely
classification 25 & method of

confined to firzt pz

m
m
w

reducing +the multidimensionsl spzsce to two significant
dimersions, Other infarmation such ss specimen current is
zlso combined with the Auger information using this
trarzform, In some cases this can markedly improve feszture
contrast, although it can add too much information, A new
transform has been invented that rot only reduces the
dimernsionallity of the imzge irnformation, but also contzins
rormalization, The raticing of ore dimsnsion by another can
in some circumstances erhance the pressrtation of  the
information and provide some topcarsphicsll rormslizatior,
Thiz method has been very successfully applied to specimens
of metzl matriy composites, These multizpectral methods are
also vital in the analysis of inhomogernsous materials, The
typical metzllographic or ceramic specimen is composed of &

fire rzmdom dizpersion of phaze These phases can either

w

form the bulk of the material or can be dispersed in

I

may compose 95% of the material,
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sirgle phase mat
The tvpe, zszsocistion, and Qquantity of thesze dispersed
phazes are often the informasticon that is needed, As these
phazes range in size from Arngstoms to seversl microms  the
highest  zpatizl resolutionz are required for accurste

representstion of the material, Multispectral imaaing can
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be used to snswer theze auestions by represeriting the imeage
information in & form that shows the separztion of
compositions and can be used to measure the significance of
& single pixels information Random image fields that may
just look like nreoise in a3 single element image can
therefore be quantified in & way not possible with
conventional approsches, The first calim published for =
quantified Auger image was made using these methods, The
elementsl compositionz of phases cam be deduced ever from &
field of wery small rasndomly dispersed phazes as  the
correlations show trends and stsndard metzllurgy supplies

the likley elemental aszociatiorz, Refs = 3,4,5,6,7
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Vi MATERIALS SCIENCE wPPLICATIONS,

composites, superalloys, zircelloy, enmd 8iC ceramics,

Metzl matriy comeosites brzed or Ti =1lovs were

Wezt Germany,
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irnvestigsted in
These Tigsl4Y metrix compositez were model syastems with
sligred 8i7 fibers, Usirg the SAM it wae poszssible to show

ard

13 %)
m
P
o
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that the Ti and Sif had rescted to form TiS551i3
that  the TIiC wss formirg s diffusion barrier to  the

specimens of Metal matriz compnsitesz based an

products were not locslized st the wiskerqsmatrix interface

NiCr&l super allovs were investigsted in collsborstion with

HaSd~Lewis, Uszing SAM the oxidized materizl was  found to

kave & phese dizfribotion thet wis consistart with  the

i e bl

n

5ce11Littla other informatior

diffusion of Al +to ths =zurf

was obtzined directly from  the ZaM but NiCral was irstezd
imvestigsted wusing Auger snd ¥PE  in = hot  stzge  UHY
imstrument, Thiz proved to be wvery succesful and showed the
irntersction beweer the dopants in the NICral used +fo

promote oxide =scele adherence snd  the peosioning effectz of
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sulphur, Refs |2, l3,.4,|5. omGle_ P,C‘:‘ i3
OF POOR 'QUALITY,

3

Zircalloy specimens were irvestigated in collaborstion with

Starford University, Theze specimenz were from rnuclezr fuel

]

cladding meterizl erome to stress corrosion cracking, The
firndirmgs showed that zgsainst 211 expectations +that carben
rich gurface inhomogereitiesz ray well play 2 vitzl part in

the iodine related 300 fzilure of this msterizl, Ref |6.

Ir collzborztion with NeSA-Lewis the microztructure of
specimens of sintered SiC were investigated, EAM  is
particularly s=siutzsble for studyirg these materials az the

Auger yield for light elesments iz gtill high, unlike the
czza for the ¥-rzy microprobs, Sa&M  skowed in the czze of
corraded 10 that the grzin bourndry films  fourd by SEM wers

merely  repmarts of SiC arains and not 2 =pecizl grair
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bourdry phase &z had beern  su
ztudiez, Studies of different noncorroded SiC  showsd the
gffectz of production  fechriaoues on the microstructure,
Boron  carbide is  added to the SiC powder to  facilitzate
girnterira, Under 2z nitroogen stmozpherse  the B4CT reacts  to
form horonm nitride and free carborn, Thiz had not  besr
suzpected before aricl ornly B4C znd free © had besn

previously detected, Thesze products were only found in this

|'l

study in vacuum zintered 5iC, Refs 17, 18,
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