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Fluorocarbon films were deposited from pentafluoroethane/argon plasmas in a parallel plate reactor at operating pressures of 0.75
and 1 Torr, substrate temperatures of 120, 180, and 240°C, and applied powers between 10 and 30 W. These films were subjected
to an 85°C and 85% relative humidity environment for 100 h to assess reliability. Infrared spectroscopy showed no change in the
bulk structure and composition of the deposited films after temperature-humidity exposure. Also, no OH related peaks were
detected in the infrared spectrum, suggesting negligible moisture absorption. Indeed, moisture absorption studies showed less than
0.15 wt % increase for the investigated deposition conditions, as measured by a quartz crystal microbalance. Furthermore,
humidity cycling studies indicated no chemisorption of water by the deposited films. Capacitance measurements of the fluorocar-
bon films yielded a dielectric constant ranging between 2.23 and 2.55 and a loss tangent on the ordér Bhd @ielectric

constant increased with an increase in deposition temperature and a decrease in operating pressure. The dielectric constant of the
fluorocarbon films did not change after exposure to the 85°C/85% relative humidity environment, further confirming the IR and
moisture absorption results. However, X-ray photoelectron spectrog®s) of the fluorocarbon films indicated a decrease in

the F/C ratio and an increase in the O/C ratio after temperature-humidity exposure, which suggests that defluorination and
oxidation occur primarily in the top few monolayers of the deposited films. C 1s spectral analysis indicated a decrease in the
relative concentrations of GFCF,, CF, and C-Ck moieties and a dramatic increase in the C-C/C-H concentrations. These
changes were attributed to the formation of a thin layer of low molecular weight oxidized material, which could be dissolved by
rinsing the film in an ethanol ultrasonic bath.
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During the past decade, there has been extensive research dures. Details of the reactor setup and operation are given
plasma deposited fluorocarbons for use as interlevel dielectrics irelsewheré. The powered and grounded electrodes were 4 cm stain-
future integrated circuitélC).1? Although fluorocarbons have desir- less steel disks and were separated by 2.9 cm. Substrates for fluo-
able properties such as low dielectric constant and loss, low moisrocarbon deposition were placed on top of the grounded electrode,
ture absorption, and high chemical inertness, their reliability in which was heated independently during deposition and its tempera-
harsh environments is still a matter of concern. Very few studiesture controlled by a Syskon RKC temperature controller. Deposi-
have been performed that investigate the effect of temperature anglons were carried out at substrate temperatures of 120, 180, and
humidity on the structure and properties of these films. It is impor-240°C and operating pressures of 0.75 and 1 Torr. The rf power for
tant that these materials retain their chemical structure and properdepositions ranged between 10 and 30 W.
ties (electrical, mechanical, and thermathen exposed to acceler- Reliability studies were carried out in a temperature-humidity
ated temperature humidity reliability tests. Previous stddi@s  chamber at a temperature of 85°C and a relative humidity of 85%
fluorocarbon films deposited fromgEs plasma have investigated for 100 h. Temperature-humidity studies were chosen as the most
the discharge power dependence of the oxidation rate under an agppropriate form of failure of the fluorocarbon films because of
celerated testing condition of 65°C/85% relative humidity. X-ray concerns about defluorination and oxidation. Deposited films were
photoelectron spectroscogXPS) of the deposited films indicated initially characterized using IR, XPS, and dielectric constant mea-
both defluorination and oxidation of the films on temperature- surements before being subjected to temperature-humidity studies.
humidity exposure. However, these studies only pertain to chemical |nfrared spectra of the deposited films were carried out in reflec-
changes that occur in the top few monolayers of the deposited fluotion mode at a grazing angle of 70° using a Nicolet Magna-IR
rocarbon films. Also, no experiments were performed to elucidaterqrier transform infrared spectrometer. All spectra were recorded
the effect of accelerated testing conditions on the bulk chemlcalat a resolution of 4 crt and averaged over 512 scans. Spectra of
structure, electrical properties, and moisture absorption of the deposye fjyorocarbon films were taken before and after temperature-
ited films. . ) humidity studies. Films were deposited onto metallized silicon sub-

In this paper, XPS and Fourier transform infrared SpectroSCOPYgiates that had approximately 300 nm of Ti/Cu/Ti. The film thick-

(FTIR.) were used to characten;e ch.anges in th.e surface and bul ess, as measured with a Dektak profilometer, ranged between 1 and
chemical structure of the deposited films. Metal-insulator-metal ca-

pacitors were fabricated in order to investigate the effect of tempera- XPS was used to obtain the chemical composition and bonding

sorbed by the fluorocarbon films with humidity. Furthermore, the
sample was subjected to humidity cycling in order to determine
water chemisorption.

to reduce differential charging of the sample. All spectra were

collected with a PHI model 1600 spectrometer using monochroma-

tized Al Ka X-rays. An electron pass energy of 11.75 eV was used

Experimental for high resolution analysis of the spectral regions of interest which

Fluorocarbon deposition studies were carried out in a radio fre-included C 1s, F 1s, O 1s, N 1s, and Ti 2p. The binding energy shifts

quency(rf) parallel plate reactor using pentafluoroethane/argon mix-Were corrected for charging by fixing the highest binding energy

C 1s peakcorresponding to Cf at 293.2 eV. Each spectral region

was deconvoluted into individual peaks assuming all peaks to

* Electrochemical Society Fellow. be perfectly Gaussian and to have the same fqll width hal_f maxi-
** Electrochemical Society Active Member. mum (fwhm). XPS spectra were taken for sampl@sas deposited,
Z E-mail: dennis.hess@che.gatech.edu (i) after temperature-humidity studies, afiil) after temperature-
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1.40 tion of trapped free radicals and dangling bonds in the deposited
films® These dangling bonds are typically unsatisfied chemical
1.20 A bonds, which arise as a result of exposure of the film to ion bom-
{ \ bardment and ultraviolet lighemitted during plasma-assisted depo-
1.00 sition. Thus, the concentration of oxygenated species could be taken
g oo \ as a q_ualitative measure of the dangling bond conc_entration in t_he
£° /\ \J‘\ B . deposited films. There may also be small concentrations of peroxide
£ os0 After temperature-humidity testing groups present in the films due to atmospheric oxidation. However,
< their IR absorbance is very weak. As shown in Fig. 1, there is no

—— . significant change in the intensities of the two major peaks, suggest-
ing that little change occurs in the bulk chemical structure and oxy-
AU As-deposited genated species concentration of the film with temperature-humidity

testing. This suggests that the deposited films contain a low concen-
tration of dangling bonds and that most of the dangling bonds re-
) acted with water vapor or oxygen as soon as the film is exposed to
Wavenumber (cm”™) atmosphere after deposition. The Cébncentration in the deposited
Figure 1. Infrared spectrum of a fluorocarbon filta) as deposited an¢b) films is low as indicated by Ehe negligible Inter?SIty ofa C-H. stretch
after temperature-humidity exposure at 85°C/85% RH for 100 h. The depo-between_ 2800 "?md 3:_1-00 cth Furthermore, little change is ob-
sition conditions were 10 W, 120°C, and 1 Torr. served in the intensity of the hydrocarbon-related peaks after
temperature-humidity exposure as indicated by IR. The intensity of
hydrocarbon related peaks is at least two orders of magnitude lower
humidity exposure followedya 5 minrinse in an ethanol ultra-  than the major fluorocarbon peak. Also, no peak corresponding to
sonic bath. -OH groups in the 3300-3600 crhregime is detectable before or
Moisture absorption measurements were recorded using a quari@ter temperature-humidity exposure, suggesting that the fluorocar-
crystal microbalance. Initially, the resonant frequency of the un-bon films exhibit low moisture absorption. However, it must be
loaded quartz crystaho film) was noted. Fluorocarbon films with
thicknesses in the range of 0.8 to Juln were deposited onto the
quartz crystal. The difference in the resonant frequencies of the
loaded(after depositionand unloaded quartz crystal could be cor- 5000
related to the mass of the deposited film. This quartz crystal was

0.00
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placed in a specially designed leak proof glass cell, which had pro- 45001 1
visions for dry nitrogen flow0% relative humidity(RH)] and moist 4000} N
nitrogen. When the glass cell was purged with dry nitrogen, the = (a) |

measured relative humidity in the cell was 0%. This condition is '@ 3500[
referred to as dry environment in subsequent sections of the pape% 3000}
The humidity of this cell could be controlled between 20 and 98% P
within an accuracy of 1%, by bubbling nitrogen through room tem- = 2500
perature water and accurately controlling the dew point of the gas by.@
use of a condenser. The change in the steady-state resonant fr g
quency of the quartz crystal was recorded as a function of humidity. 1500}
Also, humidity cycling was performed in order to determine if mois-
ture was chemisorbed in the films. Typically, the highest humidity 10001
utilized for moisture absorption measurements of the deposited films
ranged between 93 and 98%. All moisture absorption measurement
were performed at room temperature. o]

2000[

5001

295 290 * 285

Capacitance measurements were recorded on metal-insulatol Bindi E V; 280
metal capacitors at 10 kHz in order to obtain the dielectric constant inding Energy (eV)
and loss of the deposited films. Films were deposited on metallizec 4500,
silicon substrates while the top metal layer was sputtered through ¢
shadow mask that had circular openings with diameters ranging be 4000r i
tween 3.5 and 13 mm. Dielectric constants of the deposited sample 3500k i
were measured both before and after temperature-humidity expo (b
sure. = 3000} 1
(2]
Results § 2500 ]
Fluorocarbon films deposited from pentafluoroethane/argon plas-'g 2000k i
mas were characterized for their chemical structure and electrica.=
properties before and after temperature-humidity studies. % 1500} .
FTIR studies—Figure 1 shows a comparison of infrared spectra « 1000} .
of a deposited fluorocarbon film before and after temperature-
humidity studies. The infrared spectra primarily consist of a broad 500} 1
absorption peak between 1100 and 1400 trmorresponding to a ) , ) ) . , . ) )
random arrangement of saturated fluorocarbon spesies as Ck ° 298 296 294 292 290 288 286 284 282
CF,, and CF. The other major peak between 1600 and 1850* cm Binding Energy (eV)

is attributed to unsaturated fluorocarbon spécish as -&CF,

-C=CF,, and -CF=CF, and to carbonyl speciéssuch as acids  Figure 2. Comparison of XPS C 1s spectra of a fluorocarbon fiinas
(-COOH), esters(-COOR), acid fluorides(-COF), and ketones deposited andb) after temperature-humidity exposure at 85°C/85% RH for
(_C:O). The oxygenated species arise from posta’[mospheric oxidal00 h. The deposition conditions were 30 W, 180°C, and 1 Torr.
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Figure 3. XPS concentrations of GFCF,, CF, C-CK, and C-C of depos- Figure 4. F/C ratio of deposited fluorocarbon films as a function of deposi-
ited fluorocarbon filmga) as deposited(b) after temperature-humidity ex- ~ tion conditions(a) as deposited anth) after ethanol ultrasonication for 5
posure at 85°C/85% RH for 100 h, afuj after ethanol ultrasonic bath. The =~ min. Operating pressure: 1 Torr.

deposition conditions were 30 W, 180°C, and 1 Torr.

butions from peroxide groupsthe result from postatmospheric

- . oxidation of dangling bondsn the O 1s spectrum. However, these
noted that the sensitivity of IR to GHand OH species is very low  eroxide groups are difficult to distinguish from C-OH groups since
and hence, no definite conclusions can be drawn based on IR alongiy these functionalities produce the same binding energy shift of

XPS studies—XPS analyses were performed on the depositedl-5 ev:e
films in order to obtain the change in surface chemical composition  pigjectric constant measurementsDielectric constants were
and bonding configurations upon temperature/humidity exposureémeagyred for metal-insulator-metal capacitors at a frequency of 10
The effect of deposition conditions on the structure and composition .y, “Figure 6 shows the variation in dielectric constant as a function
of deposited films has already been discussed in our previougf geposition conditions. Dielectric constants of the deposited films
publications*® The fluorine to carbor{F/C) ratio of the films was anged from 2.23 to 2.55, and the loss tangents varied between
independent of the applied power within our range of operation andy 123.0.099 under all deposition conditions investigated. The loss
decreased with substrate temperature and operating pressure. Thg,qents are higher than conventional polymers such as polyimides
F/C ratio ranged between 0.95-1.15 for all deposition condltlonsioss tangent~10-%) and are typical of plasma-deposited films.

fiese higher loss tangents can be attributed to trapped free radicals,

spectra. Figure 2 shows a comparison of the C 1s spectra of dEpoﬁ'nsaturated species, and interfacial charge. The dielectric constants

ited films before and after temperature/humidity exposure. Hergp o oqqeq with a decrease in operating pressure and an increase in

C 1s peak deconvolution was performed assuming that all carbone,qgjtion temperature. Both trends can be attributed to a decrease
was bon(_je_d to f'“o.”r.‘e- Although some Of. th_e carbon is bonded 8 the F/C ratio of the deposited films. The refractive index of films
oxygen, it IS very difficult to aCCOL.‘m for this in the C 1s spectrum ranged between 1.41 and 1.42 for the deposition conditions investi-
deconvo!utlon. Since the_O/C ratio was less tha‘.” 0'.03' the abov‘E;ated and is very close to that of Teflon, which has a refractive
assumption of carbon being bonded only to fiuorine is reasonable-mdex of 1.38. Neither the refractive index nor the dielectric constant

As seen in Fig. 2, the C-GFconcentration is the primary bonding f the films changed after temperature-humidity exposure indicating
configuration in the deposited films indicating that the films are

highly cross-linked. After 85°C/85% humidity exposure, a decrease
in the concentration of fluorinated species such as, @, CF,
C-CF, and a dramatic increase in the C-C/C-H concentrations occur,
as indicated in Fig. 3. The film F/C ratio decreases from 0.95-1.15t0 s -
0.80-0.90 indicating surface defluorination while the O/C ratio in-
creases from 0.03 to 0.04 upon temperature/humidity exposure
However, when the films are subjected to an ultrasonic ethanol batt ¢ |
for 5 min, the C-C/C-H concentration decreases drastically suggest o
ing that there may be low molecular weight oxidized carbonaceous
material on the film surface, which is soluble in ethanol. Indeed, ¥ ¢4 |
there is a slight increase in the F/C ratio and a slight decrease in th
O/C ratio, indicating the removal of low molecular weight oxidized
material from the film surface. This effect has been observed by g, |
other researchers alSdigure 4 shows the variation of F/C ratio for
various deposition conditions fda) as-deposited films an@h) after

0.09

0.07

o

05 A
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temperature-humidity testing and ethanol ultrasonication. Likewise, 0 : i |

Fig. 5 shows the variation of O/C ratio for various deposition con- 10W, 120°C 20 W, 120°C 30 W, 120°C 10 W, 180°C 20 W, 180°C 30 W, 180°C
dmo_ns for (a) aS-depOS|ted fllms(b) after_ temperature-humldlty |IAsdeposioed [ After reliability studies IAfterEthanolultrasonicbaﬂ'x|

testing, and(c) after ethanol ultrasonication. XPS O 1s spectra

showed contributions from GFO, COOR (estey, COOH (acid), Figure 5. O/C ratio of the deposited fluorocarbon films as a function of

COF (acid fluoride, and G=0 ketone groups. Since the O 1s spec- deposition conditiona) as deposited(b) after temperature-humidity expo-
trum was just a broad peak, quantification of the individual concen-sure at 85°C/85% RH for 100 h, arid) after ethanol ultrasonic bath. Oper-
trations of these groups was not feasible. There may also be contriating pressure: 1 Torr.
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Figure 6. Dielectric cor]s_tantat 1(.) .kHj of the deposited fluorocarbon films Figure 8. Weight percent increase of the deposited fluorocarbon film as a
as a function of deposition conditions. function of time for two absorption-desorption cycles. The deposition con-
ditions were 10 W, 120°C, and 1 Torr.

that there was little incorporation of polar groups such as -OH and
-C=0 groups during temperature-humidity exposure. This result
corroborates the absence of -OH groups observed by infrared spec- Electrical and optical properties—Dielectric constants of the

troscopy. plasma deposited fluorocarbon films ranged between 2.23 and 2.55,

Moisture absorption studies-Moisture absorption studies were which is slightly higher than that of Teflonk(= 2.10). These
! bsorp > pL .. higher dielectric constants can be attributed to a lower F/C ratio and
carried out using a quartz crystal microbalance in order to quantify,

. ; the presence of polar carbonyl-based groups, which arise from post-
the percent weight change due to moisture absorbed by the depo%I'eposition atmospheric oxidation. The refractive index of these
ited films at various relative humidity atmospheres. Figure 07 showsfilms was also slightly higher than Teflon, which is consistent with
that the weight change of the polymer was less than 0.15% for allthe higher electronic polarization that arises from the lower fluorine

the deposition conditions investigated, and is nearly ten times IOWercontent. In all films, electronic polarization is the dominant mecha-

than that observed for conventionally used microelectronic polymers_: 0 P
sgc;]h as_polyimidesPIhZGlT).l_l Alrs]o, t.r:f wgight of th? films ris_es h Tézr:ezn:maiczg?t%oer ::ggirrzggf?go/ra?;:gﬁprzt?r?;uer;geget[]rglgg\rllli?
e e 5, et " e crntaton polaizadon componens, hefeby icreasing th d-
Humidity cycling experiments indicated that moisture did not glectrlc constant_of the d_eposned films. Film dlelectr_lc_constants
chemisorb in the sample. Figure 8 shows the percent weight chang&'Créase With an increase in substrate temperature. This increase can
of the deposited films for two absorption-desorption cycles. The e attributed to both a I0\_Ner FIC rayo_as.lndlcated t_)y XPS gnalyses
weight increase during absorptiqdry to wet environmentwas and a lower free vqluméugher densityin films deposm;d a‘h'gh?F
equal to the weight decrease during the desorption ayoé to dry temperatures? At higher substrate temperatures, the film deposition
rate is low, and the impinging reactive species have higher surface

environmenk This result accounts for the absence of OH groups in ” o : .

infrared spectra and also for the invariance of the film dielectric M°Pility, permitting more dense packing. Furthermore, desorption

constant after temperature-humidity exposure. of fluorine-rich species from_ the growing fllm_ls favored at higher
temperatures, which results in a lower F/C ratio and consequently, a
higher dielectric constant. The increase in dielectric constant with
lower operating pressure can be explained in a similar manner. Here,
the lower F/C ratio can be attributed to the lower deposition rates

Discussion

0.1 and higher energy ion bombardment that ablates loosely bound frag-
0.09 - ments and end groups such as;@Rd CHPF.
0.08 Temperature-humidity effectsBased on the infrared spectra in
0.07 - Fig. 1, no significant change in the bulk chemical structure and
composition of the deposited films occurs upon temperature/
§ 0.06 - humidity exposure. Also, no OH groups are detected after
5, 0.05 1 temperature-humidity exposure indicating negligible moisture ab-
'g 0.04 sorption. Indeed, the weight percent change of the deposited films
) measured using a quartz crystal microbalance was less than 0.15%
0.03 - even at relative humidities95%. This low moisture absorption can
0.02 - be attributed to the high hydrophobicity of the deposited fluorocar-
bon films and to very low concentrations of polar groups such as
0.01 1 C=0, COOH, COOR(estel, and -OH to which water can attach
Y ; v w v v w : w w via hydrogen bonding. Also, higher free volume could increase the
0 10 20 30 40 50 60 70 80 90 100 moisture absorption. Oxygen-containing polar groups arise prima-
Relative Humidity (%) rily from the postdeposition atmospheric oxidation of trapped spe-

cies and dangling bonds present in plasma-deposited films. Hence, a
Figure 7. Steady-state weight percent increase of the deposited fluorocarbofoW concentration of oxygen-containing polar groups signifies a low
film as a function of relative humidity%). The deposition conditions were  dangling bond concentration. In fact, XPS analyses of the deposited
10 W, 120°C, and 1 Torr. films indicated an O/C ratio less than 0.03 for all deposited films,
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which is consistent with the lack of oxygen containing polar groups upon exposure to a temperature-humid@°C, 85% RH environ-
as indicated by IR and moisture absorption measurements. Furthement. This enhancement of oxidation was attributed to the differ-
more, humidity cycling experiments showed that there was essenence in deposition mechanisms with an increase in applied power. In
tially no moisture retained in the deposited film. This result indicatesour studies, no indication of enhanced oxidation rates within our
that nearly all the dangling bonds present in the films are oxidizednarrow range of applied powers was observed. Previously, we have
immediately upon exposure to air and only a few of them remain toshown that the deposition mechanism with the PFE monomer was
chemically react with moisture during absorption experiments. Simi-the same within our range of operating powermnsistent with the
larly, the dielectric constant does not change after temperatureXPS data. Also, the low film deposition rates with this monomer
humidity exposure since nearly all moisture desorbs upon terminapermits more time for reaction at the film surface, thereby reducing
tion of moisture exposure; thus, no significant change in bulk the concentration of trapped free radicals and unsatisfied bonds in
composition or incorporation of polar groups into the depositedthe film. Furthermore, argon bombardment during film growth may
films occurs. This result indicates that negligible degradation orrelease loosely bound species, promote cross-linking reactions and
moisture absorption occurs even when the films are subjected tdience lead to the formation of a dense film. It is likely that all our
both elevated temperature and humidity environments. depositions were performed below the critical power level discussed
Another important aspect of the absorption-desorption experi-in Ref. 3.
ments(Fig. 8) is the high diffusivity of water(based on the steep
slope of absorption and desorption curves in Figingthese films. Conclusions
The estimated diffusivityassuming a step change in relative humid-
ity) was at least=10"1° cné/s for all the deposited films. The high
water diffusivity in these films can be attributed to the lack of polar
molecules or trapping sites that would interact with water and
thereby hinder diffusiod® Thus, the diffusion mechanism is domi-
nated by transport of free water moleculas interaction with polar
groups, which is typically much faster than the rate associated wit
interaction of water molecules with polar moieties. The time re-

Fluorocarbon films deposited from pentafluoroethane/argon mix-
tures were subjected to temperature-humidity exposure at 85°C and
85% RH for 100 h. Infrared spectra of the deposited films did not
show significant changes in the bulk chemical structure and compo-
sition of the films after temperature-humidity testing. Specifically,

h OH-related moieties were not detected either before or after

temperature-humidity testing suggesting negligible moisture absorp-

quired for steady-state moisture absorption in the deposited filmdioN: AlS0, there was no significant change in the concentration of
oxygen-related species after temperature-humidity testing. Moisture

was less than 10 min, while it was less than 2 min for desorption . o 0 /
experiments. A significant part of the time to reach steady state isabsorptlon measurements indicated less than 0.15% weight change

attributed to the lag time for the chamber humidity to reach its final at steady state when the films were subjected o relative humidities

value. This lag time for moisture absorption experiments was aroun reater than 90%. This low moisture absorption is attributed to the
45 rﬁin while 20 s was needed for moisture desorption. Indeed ydrophobicity of fluorocarbon films and to the lack of significant

. . . ‘concentrations of polar groups to which water can bond. Humidit
Fig. 8 demonstrates that moisture desorption from the quorocaronzyCIing experimenfs sho%vedpno permanent change in the weight )éf

f'lm. is much fast.er than moisture absorptlon..A detailed study Ofthe films, indicating negligible chemisorption or reaction of mois-
moisture absorption is beyond the scope of this paper. . ture with the deposited films. Essentially all dangling bonds in the
_ XPS analyses showed a decrease in the F/C ratio and a slighyi o "o 0 oxidized immediately upon postdeposition exposure to at-
increase in the O/C ratio of the deposited films after temperature-mosphere. Dielectric constants of the deposited films ranged be-
humidity exposure, which indicates that most of the chemicaly ooy 2 23 and 2.55, depending upon deposition conditions. The
changes occur only in the top few layers of the film. These WO yie e tric constant increased with an increase in deposition tempera-

eﬁ%gts C(j:an be_alttribu';]edf_tlo the fforma\;\ilc;]n of rl]ow moltlacglar Vgeight 4ure and a decrease in operating pressure. Both trends are attributed
oxidized material on the film surface. When the sample Is subjecteqy, 5 gecrease in the F/C ratio and an increase in the defieiter

to ethanol ultrasonificationafter temperature-humidity testing  fee volume of deposited films. Furthermore, the film dielectric

most of this low molecular weight layer is dissolved away; hence, .onstant did not change after temperature-humidity studies, which is
there is an increase in the F/C ratio and a decrease in the O/C raliq,yngjstent with their extremely low moisture uptake. In addition, all
This trend further confirms our hypothesis that most of the defluori-\ ater desorbs upon cycling the sample from a wet environment to a
nation and oxidation occurs only in the top few layers of the depos-qry environment. XPS analyses detected oxidation and defluorina-
ited film. It is expected that there are a larger number of defectS4ion in the top few monolayers of the deposited films after
dangling bonds, and loosely bound fragments on the surface of thgsmperature-humidity studies, which is primarily attributed to the
film, which are more I'bk,ely to be attacked by moisture and oxidized ormation of a low molecular weight oxidized layer. Likewise, XPS
upon exposure to ambient. 1s s : ;
R . . pectra showed a decrease in the concentrations 0fGE,

As sthot\_/vn n fF'g' g',:thg:;e (l;sg':dec(;easg in the XP; d(ca:t%:/te F, and C-CE moieties and an increase in the C-C/C-H moieties.

concentrations of G CP, » LUk and an Increase in the .- The low molecular weight oxidized layer was soluble in ethanol as

C-H _c?nc:[en_ttrﬁt(ljorflls u_port1_ ter[]rp;]er?ture-?lfjlmld_lty testlrl;g, Vt‘f[h.'ght 'gindicated by a decrease in the O/C and an increase in the F/C ratio
consistent with defluorination. 1 né loss of fluorineé may be attribute upon subjecting the fluorocarbon films to ethanol ultrasonification.

tg g:_? ree_tctt_lon _ofthmofl_lsture ;V';hp Iososely dbot;‘]nd quorlnbe to forr_z Finally, within our range of operation, there was no significant effect
B molelies in the Tiim and FAiF. second, theré may be peroxide ¢ applied power on the extent of oxidation of the deposited films
groups, which can lead to chain scission and consequently the for o
. . ; . due to temperature-humidity exposure.
mation of low molecular weight species. Although the detection of
peroxide by IR and XPS is difficult, it is likely to form by the Georgia Institute of Technology assisted in meeting the publication costs
reaction of molecular oxygen with dangling bonds in the film upon of this article.
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