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ABSTRACT

Zarrectly used, Augser electron spectrescopy can quantitatively
letermine the elemental compesiticn profile of spacimens with a
spatial resoluticn of approximately 2.1, nicronmeter. Factors
iiich affect the precision and accuracy of this technigque are:
specimen surface texture, surface contamination, electron beam
varameters, data collection conditieons and instrument
zalibration, including the use of appropriate compound, as
yppesed to elemental, standards. Suggested procedurss for
rorrectly ntilizing Auger analysis for small dizmeter fibers
1111 be presented during the discussion of the SC8=-6 fiber, a
WD 5ic fiber made with a carboir moncfilament gubstrate. Auger
inalysis, and supporting neutron activation analysis data,
sstablished that, e¢ther than surface-adsorbed oxygen, the SC5-6
‘iber is oxygen-free. JAuger analysis also indicated that the
iC fiber is carbon rich near the carbon svbstrates, but is
stuichiometr;c one 5i to one © cut away from the substrate,
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1. IBTRODICTION

SCE-6 flber, a C¥D SiC fiber dsposited on a centinucus carkbon
monofilament {CMF) substrate, is an important reinforcement
fiber in the fabrication of titanium and titanium zluminide
metal matrix composites. Such metal matrix composites ars
essential to the success of future technoclogies such az
hypersenic flight wehicles (1},

In turn microchemical analysis by Auger electren-spectrcscapy
{AES) provides wvalwable information on reinforcement media, on
matrix materials and on the interfacial zones bstween the
reinforcement media and matrices {2-7)- It is the purpose of
this paper to detail procedures for corraectly evaluating
materials by AES and, in particular, to define the
nicrochemical composition of 8C8-6 fiber. The critical
importance of such procedures will be fercefully illustrated o
a comparison of our SCS-6 data with =z recently published Auger
evalwation (8} of this fiber in whieh some of our suggested
procedures wers not emploved.

2. MATERTALS, FOUIPMENT AND EXPERIMENTAT PROCEDURES

2.1 Br5-6 5iC Fiber 5C5=-6 is 2 continuous 142 micrometer
(5.6 mil) £iber consisting of VD Sic deposited on a 33
nicrometer (1.3 mil} carbon monofilament [CMF) substrate with z
3-4 micrometer carbonaceous surface coating. The etched

micragraph {Figure 1) shows two zones of Sic deposition, the
inner zone having a fins gyrainad columnar structure {10-50 nm
grain diameter) which transitions to a rougher {70-140 nm)
grained columnar structure at the apprexXimate mid-range point
in the 5iC depesition. There is an approximately 1 micromster
zone of pyrolytic carbon between the 5iC and the CHF. 2
minimal fibsr tensile strength of 3430 ¥Pa {300 ksiy is
specified, but the normal strength range 1s 3BG0-4500 MPa
{350-650 ksi). The Young's modulus of elasticity of this fiber
is 400 GPa (58 msi). The carbonacecus surface coating has bsen

specifically designed for fabrication and nse in titanium alley
coemposites.



2.2 Auger Electron Spectroscopy

2.2.1

Auger Process AES is a microanalytical
technigque which determines the number, identity,
distribution and, in some cases, the chemical
state of atoms iying within 0.5-2 nm of the
specimen surface. The horizontal spatial
resclution of AFS is primarily determined by the
incident electron beam diameter which is a
function of the electron optics, beam voltage
and beam current. 1In our study the current of
the 10 Kev slectron beam was determined with a

Farady cup positioned in the specimen plane.

For instrument calibration with reference
standards, and for Auger depth profiling of
fiker surfaces, a 0.76 nicreamp, 5 micrometsr
diameter, defocused bear was used. For high
resclution Auger lime secans across the fracture
faces of fihers, a 30 nancamp, 0.1-0.3
micrometer diameter beam was usad.

Specimsn Preparation and Cleanliness

Following fracturing in air and inspection, the
flattest SCS-6 fracture faces were nmounted on
the specimen holder, sonicated in freom to
remove debris and inserted into a JEOL model
JAMP-108 Auger spectfometer. Priaor to specimen
ingertion, the analysis chambher was maintained
at 9.2 % 1079 pa {7 x 1p~10 torr} as

mzasured by an lon vacuum gauge attached
directly to that chamber,

Fellowing specimen insertion, the wacuum was 2.7
x 1077 pa (2 ¥ 1072 torr). Cchamber

cleaniiness was monitored with an in-line
residual gas analyzer. BSurface coptaminaticn
was removed by etching the rotating specimen for
3-4 minutes under a 3 K=v, 0.5 microamp argon
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ion beam. The specimen rotation enhances the
effectivensss of the ion beam in removing
contamination and native surface oxides ([9-11)
from rough fracture surfaces.

Quantitative Analysis Factors (ssnsitivity
factors) for converting the Auger intensities
for 51, ¢ and 0 to atomic percents were
determined from argon-etched Sic and SiG,
standards. Green, transparent single crystal
alpiha SiC and hot i=zostatically pressed 5iC
(Cerac, Milwaukes WI) gave ldentical results fo
the 5i and ¢ sen=zitivity factors. The oxygen
standard was 180 ra of thermal 2i0, on =ingle
crystal Si. Sensitivity factors were detarmins
for both the integral and derivative Buger
spectra. '

There was concern about the 3 Kev argon lon bea
altering the surface composition of Sic
standards and fiber specimens {12-14). In
respense, an alpha SiC crystal was placed in th
spectrometer antechapber, pumped at EDDDC, in
the low 1079 Pa (1072 torr) range for 12

hkours and fractured in site. The fractured
specimen then Was transferred to the 2.7 x

1077 Ba (2 x 10°° torr) analysis chamhsr.

The surface showad noe dstectable Augsr oxygen
signal. The 5i and C Auger intensities were
menitered while the surface was etched with 3
Kev argon ioms. The carbon signal dscreased an
the silicen signal increassd for 3—-1 mimites
fpessibly from radiaticn enhanced diffusion],
then stabilized at a similar ratio of carbon tc
silicon peak intensities as deternmined abowe fc
the alpha 5iC and hot iscstatically pressed S5iC
standards. These observations validate the use
of Maffective semsitivity factors, i.e.,
factors calculated from a 3-4 minute argon



etched SiC standard and applied to 35iC specimens
which have bean subjected to similar etching
conditions.

Auger Line Scans and Depth Profiles Augaer
line scans for Si, C and O {Figures 2 and 4)
wara wads by traversing a 0.1-0.3 micromster
electron beam across an argon-etched fiber cross
section. Integral mode intsnsity data was
collected at 50-60 mm intervals, colleckting for
123 ms at the Auger energy peak and for 125 os
at a selected back ground energy. This data
collection sequence was repeated for each
element, the data was then awveragsd, adjusted
for back ground intensity, and nathematically
smoothad. Utilizing the experimentally
determined sensitivity factors, the Auger signal
intensities were then converted to 5i, C and O
atomic percents and plotted as a functicn of
positicn on the fiber cross section.

Angsr depth profiles {(Figures 3 and 5) pf Fiber
surfacss were made by alternately eroding the
surface for 30s with a 0.5 nicroampers, 3 Rev
argon ion beam and collecting derivatiwve mode
data for 5i; ¢ and O utiliging a defocused 5
micrometer elsctron beam. The peak intensities
were collected for 150 ms and back ground
intensities for aﬁcther 150 ms. An effective
ion sputtering rate of 25 nm per minute has been
assumed for the fiber surface based on the
experimentally determined walue of 25 nm per
minute for a thin filnm 810, standard in the
same 0.5 microamperes, 3 Kev argon ion beanm.
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neutrons to convert oXygen 16 to nitragen 16, which, in turn,
emits detected 6-13 Mev gamma photons which are proportional to
the bulk ocxygen content of the specimen. " The analyses were
performed at IRT Cerp, San Piego, CA,

3. RESULTS

3.1 Auger Evaluation of Standard $C5-56 Fibar, Specimen Na-1

Using the procedures detailed in Section 2, the Auger line
scans for Bi, € and © of a standard SC5-6 fiber, Specimen MA-I,
were recorded (Figure 2). The 3-4 micrometer surfacs coating
is approximately 90 at. % C and 310 at. % Si. The 5ijC ratio is
1/1 from the inner edge of the surface ceating inte the
mid-range point. This mld-range point marks the transition
from rougher to finer grain SiC and is more clearly defined in
the polished and etched micrograph of Figure 1 thar the
as-fractured cross section of Figurs 2. From the mid-range
peint intoc the CMF, the SiC gradually becomes carbon rich,
being 55-60 at. % C and 40-45 at, % S5i adjacent to the
substrate. ¥Yote that oxygen is not detectable in the lime scan
(the Auger detection limit for 0 is approximately 0.3 at. %).

The Auger depth profile (Figure 3) of Specimen Ha-1 shows
surface oxygen which falls below detectabkle limits within
approximately 12 nm {9,012 micrometers} of the surface. Aalso
note that the surface coating is somswhat more 5i rich at the
outer surface (80 at. % €, 29 at. % 5i) than within the surfaca
coating (90 at. % ©, 10 at. % 5i) (Figure 2}.

3.2 HNeutron Activation Analvsis of Specimen HA-1 - ¥

indicated that the bulk oxygen content of specimen WA-1 was
0.13 wt. % which comverts to approximately .12 at. %. This
second analytical procedure confirms the Auger findings that
the 8CS-& Elber contains no detectabls oxygen othar than
surface adsorbked oxygen.

1 Heutron Activation Analysis Neutron actiwvaticn
alysis (HAR) was chosen as the second method for determining
w2 oxygen content of the SC5-6 fibers. It is a
n=destructive, guantitative technigque which untilizes 14 Mew

3.3 Auger Fvaluation of SCS-6 Fiber. Spscimen 2 As

menticned in the Intreodoction, Auger evaluations of SCS5-8 Ffiber
have been presentag in the literature which differ from the




ata presented in Figures 2 and 3. Reference & reports
snsiderable oxygen throughcout the S5CS—& fiber and 8ifC ratios
fich deviate comsiderahly from stoichiometric 1f/1. The author
f reference 8 kindly supplied us with an SCS-6 Fiber speciman
1ich k= had tested (Specimen 2}7 his Auger evaluaticns ara
resented in Table 1. Using the procedures described in

2ction 2 of this paper, we performed Auger line scans {Figure
! and a depth profile (Figure 5) on Specimen 2. Our results
zre identical to those of Specimen Mi-1 and differ markedly
rom the Tabkle 1 data. We found that there is no oxXygen ather
2an surface adsorbed cxygen, that the Si/C ratic is /1 from
e inner adge of the surface coating in to the mid-range point
« that the SiC gradually becomes carbon rich in towards the
iF substrats.

4. DISCUSSTON

1 oxygen Content NAA clearly supports the findings of
T Rugsr evaluation, namely, that cother than surface oxygen,
2 BC%-6 fiber is pxygen-free. The canflicting data presented

TPable 1 and in reference 2 are clearly the result of

alyzing contaminated fiber cross sections. Moreover, a
rivative spectrum of "a freshly fractured SC8-& fiber
oss-section” in reference 2 is quite similar to the spactrum
recorded for an aztmosphere-expossad alpha SiC ecrystal. In

diticn to the oxygen signal, such spectra hawve relatively low
to € intensity raties compared to an argon etched surface or
an alpha SiC crystal fractured in a clean spectrometer
tachamber (section 2.2.3). We hypothesize that the reference
study did not maintain a sufficiently clean vacuum system to
avent contamimaticn of the SC5-6 surfaces, even in the fow
s25 in which the fiber surfaces were sputtered with 4 Kew

jon tons prior te Auger analysis. The reference 3 results

re subsequently used by the author as a basis for suggesting
at the mechaniezl propsrties of 8C5-6/Ti alloy composites

T2 influenced by this level of oxygen. In view of ocur

adings the merits of this suggestion must be resvaluated,

4.2 Bifc Eatio A= mentioned in Section 4.1, ths Ruger
spectra of contaminated Sic surfaces have smaller Si to C©
intensity ratios than contamination-free S5iC. This observatian
partially explains the Table 1 and referance 8 findings that
the 3¢5-6 fiber is carbon-rich, non~sztoickicmetric SicC.
Another factor which brings inte guestion these findings is
thrat experimentally determinsd sensitivity factors were not
used to convert the Auger signal intensities te atomic 2. In
section 2.2.3 we detail procedures for determining accurate
sensitivity factors which are a definite requirement for
guantitative Anger analysis.

5. SUMMARY

1. There is no oxygeh in the body of the SCS-8 fiber.

2. Oxygen is enly found on the ocuter 12 nm {0.012 micrometers)
of the fiber surface.

3. S8ifC ratioc is 1f1 from surface coating into tha mid-rangs
point of the SCS-6 fiber.

4. &iC becomes increasingly carbon ‘rich from the mid-range
point into the CMP, being 55-60 at., % C and 40-45 at. % 5§

adjacent to the CMF substrate.

5. Useful Anger data reguires attention to details, some of
which are discussed in this presentation.
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TABLE 1
AUGER EVALUATION NOT BSING SUGGEETED PROCEDURES*

SPECIHEN 2
ATDM;C £

c S1 G
CMF - 100 0 0
Graphite Iayer g5 0 5
5iC inside MR point 52 24 14
2i¢ at MR point &0 25 15
SiC putside MR point &0 23 17
Middle of surfaces coat al . B o
Outer edge of surface coat 86 3 1z

sble 1 data was providsd by reference g8 author.

SCS-6 FIBER

@ Continuous 142 micrometers
{5.6 mil) monofilament

-2 33 micrometers {1.3 mi})
=2 CMF substrate

CYD SiC
o 3450 MPa (500 ksi)
& 400 GPa (58 msi)

® Carbonaceous surface
coating

® Ti Matrices

FIGURE 1. HMicrograph of polished and etched 505-6 fiber.
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AUGER LINE SCAN OF SCS-6 FRACTURE FACE
SPECIMENM NA-1
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FIGURE 2. A 1500X micrcgraph of specimen HA-1

and the corresponding Auger line
orofile for 8i, ¢ and O.

AUGER DEPTH PROFILE OF SCS-6 SURFACE
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FIGURE 3. DMuger depth profile of specimen Na-1,



AUGER LINE SCAN OF SCS-6 FRACTURE FACE
SPECIMEN 2
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an optical procadure, derived frem traditlonai methods of optical microscopy of
geologie sample thin sections, 1s customized to measure orientation ecror in
sapphire fiber oplics production. Weasurement of optic axis deviatlon in a single
ervstal sapphire rod or fiber is accomplished with a polariscope of microscope.
Cperator training time and equipment requirements are minimal. Measurement by
microdcops is very rapidly accomplished, with aecuracy egual to X—Ray Laie
measurements, When working with small (5§—-25¢ um) diameter fibers.

FIGURE 4. A 1500X micrograph of specimen 2

and the corresponding Auger line
prefile for Si, € and 0.

AUGER DEPTH PROFILE OF $CS5-6 SURFACE
SPECIMEN 2

EEYWORDS: Sapphire; fiber: orientation; polariscope; micTodcope

SURFACE
. INTREODHCTION:
a0 Single crystal sapphire fibar may be grows direcily Itoem the melt im maitipls
=T arrays. Effective quality contral during growth requires a simple, rapid, in situ
agd determination of fiber srientaticn, withoni the difficsiiies of sample fizturing
) ™, c required by X-ray diffraction. The optical measurement technigue adeqguataly
2k \\ satisfies both of these nesds. Productiom personnet, ®izh a less bhan a day's
trainlng, ate able to regularty produce reliable measurements within iess than a
E 50+ minmkea.
L1
E Ers. The method incerporates traditional and iechniques of optical microscopy. The
6 fallowing details insurs success in detesmining the optic angla. ®ith a
_’g 404 sl mieroscope, the Tmethed ean rellably provide aecuracy in the order of 1/2 to 1
[ degres. A similar measurement nay be zceomplished, bk with somewhat reduced
3ot accuraey, Using a simple handheld or bench polariscope. Equipment modificatians
ean significankly reduce the shorteomings of the pelariseope.
27
w0 Cryetal basivs:
N ©
0 [ M The optical method used here makes use of the anisotropic character of sapphire.
] =5 o0 = p, = Since sapohire crysktallizes in ehe heragonal system, its optical propaciles ars
o 208 415 535 = =0 snlaxinl, This means ihat thera are two indices of refractiomn, with the index

" H - 0 = -
e along the optic axis about 1.758, and perpendiculas, 1.TE4. These index valaes

are high, characteristle of covalent bonded, hard, mederatety high density
minerals. The difference beiween these two indices (taemed birefringence) is
#.¢@8, a value which is low as minerals go, and near guartz at §.847. 11 is the
birefringence whieh #ltl determine many of the charactarisiics used in Ehe
fallowing measorements.
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FIGURE 5. Augsr depth profile for speciman 2.




