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sonian Institution Astroohysical Observatory hydrogen maser i3 shown
in #ig. 2. The arrow points to a dark brown discolored area. We have
characterized such films by using Auger electron spectroscopy (AES)
with in—depth sputter ion profiling. This paper will describe our
raecent measurements and sumnarize those obtained earlier [1].

EXPERIMENTAL TECHNIOUES AND RESULTS

Auger elecitron spectroscooy is a method of surface chemical analysis
which iz accomplished by energy analysis of the electrons ejected frou

sample while it is bombarded with an electron beam [2]. The general
arrangement of the apparatus (Physical ®lectronics Industries) is shown
in Fig. 3. Samples are olaced on a carrousel target nolder and bomib-
ardsd with monoenergetic electrons (3-5 kV) from either of the electron
guns. The sample emits "Augor electrons" whose enargles are character-
istic of the atons from which they were ejected, The Auger electrons
are detectad by the electron multiplier in the single pass cylindrical
aLrror analyznr and, after electronic processing, an Auger apectrum 1s
displayed oa an X-Y recorder. Since the Auger electrons wnich are
detected come from the too few lavers (i.e., depths of 10-20 Angstrons),
AES is vrimarily a surface analytical technique. Tnformation about the
compos ition of the samle at greater depths can be obtained by ion-
n1illing the surface with Argon lons from the sputter ion gun also
shown in Fig. 3.

Nur APS measurements were made with a Physical Blectronics Industries
cylindrical mirror analyzer (Model 10-155) operated at 5 &V in the
derivative wde. The sample holder was oriented so the bean fron the
coaxial electron gun strack the dissociator glass at grazing incidence
to minimize charging =ffects., The ultrahigh vacuum systen was oumped
down to aHx10™ Torr without bakeout before being backfilled with

Ar for profiling with a PHT model 04-161 sputter-ion Jun operated at

2 kV. An approximate calibration of the sputter—=tch rate was obtalned
oy orofiling Ti films of known thickness deposited on glass substrates.

A typical AR3 spectrum for dissociator glass is shown in ¥ig. 4. The
derivative of the number of electrons detected in each Auger peak by
the analyzer is plotted as a function of the Auger electron energy.
The various peaks have heen labeled HCPurdLﬂg to thelr corresponding
elements, A quantitative chemical analysis way then be obtained fromn
these raw peak heights by aoplying aporopriate corrections.  The
elemental sensitivity factors of Palmbarg ot al. [3] obtained with tae
electron beam at 3 kV were scaled o 5 KV using corraction factors
measured in our apevaratuas for each element and 5102 . The raw Aud=r
peak nelghts were processe with these sensitivity factors and sume d
over all th2 elements in the sample to obtain e atonic fraction of
each element. Tha dissociabor glass was Pyrex with a nominal oompos -
tion (mol%) of 31w 510y, 13% RoDq, 45 Nayd, and 2% Algoiz. a was




rather dAiffiosle o drtech reoroducibly becaase of ks hijh aobility
Juring ARS at rooa tenperatare (4], and a constant atomic fraction
aqual o 0,023 was assamed Tor it in saaming the A5 peaks.

11 a dissociatyr of the JASA-3oddard conf iguration shown in Tig. 1,
the rf oower 13 lagroduced capacitively, and the glass sarface imnedi-
atz2ly beneath the elechrodes remains clear while D12 surrounding walls
are darkenad,  Presunably, the souttering actilon of the Jlow discharge
near the electrodes continaously olz2ans the surface, Samwles were cut
fron adjacent clear and slightly darkensd areas of a Jegraded NASA-
Goddard Aissocator (samle 1) and subjected to 383 analysis.  The
results are shown in TiLg. 5, Both the atonic fraction and depth
scales should be considerad to De approximat:,  The aoper Malf of the
loft side of Fig. 5 shows the maln oonstligzabs of the clear oortion
of samwla 1. 9, Si, B, and Al a~2 oresent 1n Large concentrat ions
which approach the aoainal oomositian of Pryax (shown on the right-
hand ordinate) alter the contaminated sarface layer has beea southar—
atched away. A larg: amuant of © is present on the gurface which is
ramoved fairly rapidly as the etching prograsses,  The lower half of
Plg. 5 shows the elements orasent 1n smaller 2oncenkrations. The
analysis of the slightly darken2d portion of sample 1 13 Jiven on thoe

right side of Tig. 5. Tt ls distinguished by a very high C concentra-
tion on the surface which persists throaghout the depth analyzed, N
iz also a proninent SOQCaﬂinant Dt ab lower concentrations,

2

Samles of clear and Jdaricen:d glass wers also taken frop another NASA-
Soddard Jdissociator (samle 2).  Tn thls case, thoe darkenad glass had
a thick dark bdrown opajyie Tila 22 it.,  ASS was nerforned on the opagque
film on the innar surface of the dissociator and also on the outer
surface of an adjacent clear area a3 a check on the composition of a
sarface wnich hal never D2eon exoosad o bhe }1ow dizcharge., Results
for mst elements parallel those Tor sample 1, and are shown (n Tig. 6.
Aqain the orimary differsnce was e oresense of O anld, £ mach

lesser oxtent, W in the darkeacd glass,

‘3

In orinciple, the shape and position o0 the Nagsr oeaks (2,3., Fiag. 4)
should yield some Lnforaation abouk the Sheaicil boading in Biese
Films which ar= orobably a alxbars o7 awnrhoas 7, 5102, 310 and
Si3My.  The cheaical poading shifos shlch ave Doon @
workers [5]16] for the S L1 and 0L o2aks ars shown schenatio
in Flg., 7. The Sizig 01 p=ai alb 82 oV, 13 a shoulder of the aain oHeak
372V, and moves o 30 2V when the SigN, 13 grown In e preseace of
ogygen [b]. iInfortunately, the close spacing o0 fhese shifts and the
Fact that several of these compounds were dresent slbagltansously made
it impossibla For us to resolve them, Trratle chargiag of the samle
£o H5=10 Volts Jaring analysis also ooniribated o the droblan,  flore
definitive results were obtained For ©.  Close inspeciion of tie Auger
spectra for the darkencd oortion of sample 1 ravealed that the 0 peax
changed fron that charactaristic of amorohous Z{71 iz "carbide type"




oberved by Grant and Haas [5]. Detalls of our Auger spectra for the
amorphous and graphitic forms of T are shown in Fig. 8 along with the
"carbide type" peak. We were thas able o distinguish between the
amorphous and carbide forms of T as the films were sputter atched.

The atomic fracrions of C in the clear and darkenad nortions of WASA-
Goddard samles 1 and 2 are plotted in Fig. 9. The carbide oeaks are
>s lgnated by solid criangles. Figure 9 suggests that the sarfaces of
the dissociator fall into several categories. The clear outside sur-
face of samle 2 incorporates very little T and no detectable N, This
surface is easily cl=2aned of C by sputter etching and behaves in a way
similar to that of a clean smooth microscope slide. The lightly dark-
ened portion of sample 1 has a thin amorphous T layer on the surface
and a oersigtent high ooncentration of carbide undernsath it. A
smaller ~oncentration of W is also oresent, The clear portion of
sample 1 ander the electrodas has a layer of amorphoas C and N which
can be etched off Falrly rapidly. The very thick opajgue film analyzed
in the darkenad portion of sample 2 has amdrphous C as its principal
tmourity along with smaller amunts of W, Tt does not ekch off
easily, and has substantial amounts of O remainiag aib depths where
the clear portions are quite clean,

AES was also perforaed on the dissociaine from a Smithsontan Instibu-
tion Astrophysical Observatory nydrogen maser which was operated
continaously £5r 3 years at Maryland Point. This dissociator prpgonhed
a varieny of opaqe discolorations which might be descrioed as being
milky, light brown, and dark brown, A nilky portion of the Ln~1dp of
the dissociacor was analvzed and compaced o a portion of the ouks ide,
The most outstanding feature of the analysis was a heavy coating of
amorphous C on the inside. The results are shown in Fl3, 10 and
generally parallel rhose of Fig. 9. Note that the film has been
sputter-atchied to a much greater depth and appears to ba 1000-2000
Angstrons oick.

Tn additina to ans, some optical studies were wmade of the dissociator
Films. Ootical spechra were obtained in the so—called "window" region
of the Jlass substrate in the wavelength rands between 300 am and dp.
Ontical studies of WASA-3o0ddard &iSSOﬁ'ator sample L in the visible
are ghown in 7ig. 11, The darkenad glass in charactecized by a
strutturelass absorption mdqn ﬁ)ﬂ)f)ﬂlbﬂll] rising from a low value
in the near (afrared to a high value in the altraviolet, The resualts
in the visible are sinilar o the broad background observad by Matiera
2t al. [8] in the course of 97 - {mplantation experigents on Fused
silica and attribated to bean—assistad formation of a carbon £ilm fron
organlp contaminants,  The assignment of the darkening to a carbon
Jdeposit is also supooried by the proton irradiation work of Greer and
Hapke [9], who point out that thils absorption may be partly due to
radiation-indaced color canker formation in the glass. However, the

dominant effect would seciq o b2 T-film baildap,
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Optical measuraneats Ln the infrarad are shown in 7ig, 12 for ooritions
of NASA-Goddard dissociaitdr samle 1, The differance in transmission
netweaen the olear (l, and dai brown (2} samples Indicatss the oresence
of a weak Dand at = 3240 2o 7y Loe, 301, This band dlcapsearad when
the dart brown Sdnple was saraged o reaove the Tilm (3) and was theroe—
fora intrinsic o the fila, The band 15 2o low in 2aorgy B0 be as-
slmed £o the D=1 ghratdhiing sintation In isolatad 500 or C=0DH groups
(3500 — 3750za7h) (100 and is lower In snsrgy Hian e band observal in
AT —implanind Cased silica (3630:270) (3], Tt 15, howover, higher in
anergy Bian the T-1 stroeitsiing vibtacion in alkanes o alkenss (2890 -
3100em Dy and the 5i- mode in silanes (2150 - 22502m7 1) [10].  The band
falls within the range expectod for hydrogen—bonded -1 groaps but is
oo sharp I couarison sith the broad, da)“ﬂl_ 1z hand which resalis
Eron intarnal 2-1 groups in £1e glass (3600cm™i), SiaNy Ditms foraed
Dy decomposition of gaseous alktares of ST, and Wiy show a band at
aout 3340:m_1, assigned o Ehe Lﬂﬁjrity'ﬂ"H stravching vibration [11].
Since the dissociator £ilm contalas a high concentration of 7, this is
a nossible exolanation for the infrared data.,  Furthecnorsz, the 3240007
nand 1ies vithin the rangs of O-H stratohiing fresuencies in alkyazs
(monosrostitanad acetyiones, 3200 -3350am ) [19], in which the bonding
orbitals on e carbon are 1a $-0 hybridization. T7 Tis lathor
interpretation ils correct, it indicates the presenae of highly ansaito-
rated carbon - carbon onds In the [ilm, which may D2 oan ilmportant
oontribution to 1tz photocondactivicy.

DISCISSLON

dur experlinental resalts indicate that e darkening of the Jglass
dissociator eavelope Lo caased by thoe foraation oF a composite Silm
incorporating larg: quantiti=s of T in it3 amorohoas and carbide Eoros
and smaller anounts of N There arc fwo genera] peranisns by whidh
Formation of the film can inTarfec: with tie operacion of the wdrogen
dissociator:  The electrical conductivizy »F the Filn ¢an be high
anougn 0 2xclude a fraction of the of field, or the film can caralyze
the recombination of hydrogen atons,

The room temperature Jdo condactivity of varions aporopriates natarials
15 givgn in Table I. Tt is scen fhab e o conduct ivity o0 graphite
(=7x10° Dhm =om 7)) is macht less fhan fhab of o ({ bxldj}. deasarn-—
ments on a&)rgnoue C Bilas [12] nave s JOAn 2yen Lower onduct ivity
(=l 0 onam T=ca” ), as have 5igiy (2x1077 ona 1cm'L> ERR aX)r)Hous 31iC
(13‘2 to 107% onmn™lecm™ l). However, higheor value- <107 nave been
observed for 31T doped with = 0,005 atonic Fraction of 7 ll%J. Jsing
the lattar value, one may calculate the classical skin deotn o e
100y at 109 ¥z, and a rathar ihick £ila would be rejuired oo
attentuaate the rf input to the dissociator.  One might also nore that
a large impurity ohotoconductivity Mas been observed in 31C [14],
although no similiar data are available [or Limpure carbon., Thus it is




possible that the conductivity of the composite £ilm on the dissociator
walls 1s higher than indicated in Table T under actual operating con-
ditions when illuminated by the hydrogen glow discharge. In general,
however, it would appear that very thick films would be required to
effectively exclude the rf field.

Either direct or catalyzed reaction of the atomic hydrogen at the film
would rasult in decreased output from the dissociator as the film is
deposited. The principal reaction product of direct reaction of atomic
hydrogen with carbon is known to be CH, and its rate of reaction with
wolecular H, is negligibly small below 1000°C [15]. However, Xing and
Wise [16] have found that the direct reaction is a minor process in the
carbon-atomic hydrogen systen delow 200 % and accounts for no more than
0.5% of the hydrogen atom removal. At higher temperature, the direct
reaction increases but is still mach smaller than catalytic recoabin-
atbion ofF the hydrogen atoms at the carboa film. Tt should be pointed
out that the low pressures under which the dissociators operate ensure
that recombination at the walls i3 mach larger than in the volume of the
Jas itaelf.

There is a great variation in literature values of the heterngeneous
recomoinac ion orefficient ¥, defined as the fraction of atoms strikinyg
the surface that recombine. The discr2pancies among values for the
sate material result from differences in thermal and shemical history
and in suarface rougnness and contamination. A suwmary of values
which have been obtained by various workers is_given in Tanle T1.
Values for y_ak roon temperature of =H80 x 10 7 for Pyrex and of
21000 x 1077 Ffor an evaporated & film nave been obtained by Wise and
coworkers [16)[17). ™More recently, values of a{5-50) x 107 have
been measared for clean Pyrex and fused silica, while studies of
oyrograpnite and electrode graphite have yielded values from 5000-
19000 x 10'5[181. Thus, a contaninating £ film can be expechad to
increase the efficiency of racombination via atom-wall collision by
at least a fackor of 2 and perhaps by as much as a factor of 10-100.

Some possinle source:s of the T which hullds ap on the hydrogen dis—
sociator walls ars the residue left by inadequate initial cleaning of
the glasz, oamw oil, 22, C» or CH, outgassed from the walls and
O-rings and the breakdown of epoxy cemsnt into 1t3 constituents.
Steps to mininize the inflaence of these sources would seem to e a
sensible orecantion in any nydrogen dissociators 1y be uased for long
oeriods of tine.
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Schematic of hydrogen dissociator for production of atomic
hydrogen.

Discolored area of used Smithsonian Astrophysical Observatory
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Apparatus for Auger electron spectroscopy.

Typical AES spectrum for dissociator glass.
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Atomic fraction of C as a function of material removed for the
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The solid triangles indicate a "carbide-like" peak. The clear
portion of sample 2 was analyzed on the outside for comparison.
Atomic fraction of C as a function of material removed from
the inside (milky) and outside portions of a 5.A.0. dis-
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SCHEMATIC OF HYDROGEN DISSOCIATOR
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Fig. 1 Dissociator for production of atomic hydrogen

Fig. 2 Discolored portion of 3.A.0. dissociator.

363




----- XY RECORDER OR | -~
0SCILLOSCOPE [
. e
C_J ] LOCK IN LL
ELECTRDN | ~|  AMPLIFIER .
SWEEP g ;
suppLY = D¢ |

CARROUSEL
TARGET HOLDER

\‘_______/‘ . ‘ \\\ ' "1

C’) MAGN;\TlC SHIELD

| ELECTRON
MULTIPLIER

= SPUTTER ION GUN

Fig. 3 Apparatus for Auger Electron Spectroscopy.
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Fig. 4 Typical AES spectrum of dissociator glass.
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Fig. 9 C content vs depth for NASA-Goddard samples 1 and 2.
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