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1 METHOD FOR:DEPOSITI NG SUBSTI TUTED FLUORCCARBON POLYNERAGHDARSS FPkLD oF
THE I NVENTION This invention relates to a nethod of deposigtmg materi al
usi ng plasma enhanced and thermal chem cal vapor depositid ; “and nore-
particularly to a method of depositing layers with low dielectric
constants. BACKGROUND OF THE INVENTION In integrated circuits, dielectric

| ayers are normally used as insulators. As; sem conductor devices becone
faster and nore conplex, dielectric layer characteristics becone
increasingly inportant. One inportant characteristic is the dielectric

constant. The di el apifdD CROR! BIbOS BT ENGEIEHEPTIRUTEDE FRBDRDECKRBONA
dielectric material to store electrical potential energy under the

i nfluence of an electric field measEMERIG HAYERS o Wt he capaci tance of
a condenser with the material as a dielectric to its capacitance with
vacuum as a dielectric, with air having a dielectric constant of

approxi mately one. The dielectric constant deterni nes the capacitance

associ ated w t FLEAD QF|THE INVENEEON with | ow diel ectric constant |ayers
having | ower capaci i} Sinvidit o acdites €6 4 "Reh8h o6t depbaYeingf fects
the speed of the device. Devices manufactured with dielectric Lagers havi ng
a | ow di el ect r M@t&FHiadl; ising plasma enhanced and thermal chemical

vapor deposition, and more particularly to a method of

depositing layers with low dielectric constants.

BACKGROUND OF THE INVENTION o

In integrated circuits, dielectric layers are
normally used as insulators. As semiconductor devices
become faster and more complex, dielectric layer
characteristics become increasingly important.

One important characteristic is the dielectric
constant. The dielectric constant is a measure of the
ability of a dielectric material to store electrical

- potential energy under the influence of an electric
field measured by the ratio of the capacitance of a
condenser with the material as a dielectric to its
capacitance with vacuum as a dielectric, with air
having a dielectric constant of approximately'ope.

‘. The dielectric constant determines the capacitance
associated with the dielectric layer, with low
dielectric constant layers having lower capacitances.
The capacitance of the dielectric layer affects the
speed of the device. Devices manufactured with
dielectric layers having a low dielectric constant
operate at faster speeds. For example, if a 100
megahertz "PENTIUM" (registered tradmark of DuPont)
chip is produced with a dielectric layer.having a
dielectric constant of 4.0, then the same chip'produced
with a dielectric layer having'a dielectric constant of
3.5 will operate at 110 megahertz.



operate at faster speeds. For exanple, if a 100 negahertz "PENTI UM
(registered tradmark of DuPont) chip is produced with a dielectric |ayer
having a dielectric constant of 4.0, then the sanme chip produced with a
dielectric layer having a dielectric constant of 3.5 will operate at 110
megahert z. 2 The capacitance of a dielectric layer also affects the
power -consunption of the device, with gevices manufactured with | ow
capacitance (low dielectric constant) dielectric |ayers consum ng |ess
power. As the art noves towards | ow power and | ow voltage applications, it
becones i ncreasi Thkey cappeitancet @firandfisdiaata ideViayes vaXdo |affsstdavi ng a
| ow di el ect a roi ta a | s§l.c. l.s.the dielectric
| ayer's mecf%ie}%i E%F}%ﬂt %%’Plsﬁgl%galg neloreH\:;g:trhéad ee‘fritp%’a%f{eﬂs.&ﬁb%éﬁ enperature
stability | panufacsyrede wikh Hows capasitanae cdlom dirletrietric | ayer

during depogbhkeant) ailRaeesilc hayRS cHiURIRe Pddd esowder xbich these
| ater | ayers_are gg 05|ted'canf{e ch as high as 400[ery]C. Thus, it is
desirabl e t &Pfr 8&tcdOYes Hovaras: Loy oG AL o $ani cal stability

at .tenper at appd ichtdionsgadit Hdéjomes Gnereasingly important to
manufacture devices with layers having a low dielectric
constant. )

Another important characteristic is the dielectric
layer's mechanical stability at elevated temperatureé.
High temperature stability is desired due to the stress
imparted on the dielectric layer during deposition of
subsequent layers. The temperatures under which these
later layers are deposited can reach as high as 400°cC.
Thus, it is desirable to produce a dielectric layer
which has good mechanical stability'at temperatures of
at least 400°C.

Another important characteristic of a dielectric
layer is the ability of the layer to form a strong bond
'with other layers and with the substrate. Improving
the ability of a dielectric layer to bond with other
layers improves other aspects of the dielectric layer's
performance, for example the dielectric 1ayer'§}high

.. temperature stability. Thus it is desirable to produce
a dielectric layer which readily bonds with other
layers.

One dielectric material which is often used to
form dielectric layers is silicon dioxide. Silicon
dioxide is typically selected because it has good
physical and electrical properties. For example,
silicon dioxide dielectric layers have good mechanical
stability at elevated temperatures and typically have
dielectric constants which range from 4 to 5. However,
as the art moves towards faster and lower power
applications, it is desirable to produce a dielectric
layer with a dielectric constant of 3 or less.



Anot her inportant characteristic of a dielectric layer is the ability of

the layer to forma strong bond with other [ayers and with the substrate.
I mproving the ability of a dielectric layer to bond with other |ayers

I nproves ot her aspects of the dielectric |ayer's performance, for exanple
the dielectric layer's. high tenperature stability. Thus it is desirable
to produce a dielectric layer which reaglily bonds with other | ayers. One

dielectric material which is often used to formdielectric layers is

silicon dioxide. Silicon dioxide is typically selected because it has good

physical and el %‘&&Md&ﬁ'flﬁf&ﬂ‘i{é' yreé¥s £ Pal$y| r€p8rLeaxtdeadi el ectric
| ayers haveg&gpd nechani.c bl|%5 at e vated %enperatures and
typically h gﬂ“ﬂ(&ﬁﬁﬁ%? HB%P?? h 43F§ BNOWBwEQer, as

the art nohave aeladsi velst e’rovar&hélnmtrm\reonap@htsat i QORe ekampldea rabl e

to produce o %'%%o dﬂ‘%l&ﬁgﬁn E#$%§hg¥eigctrlc constant of 3 or |ess. 3

Carbon flud¥i fe yners, gener erred to as "TEFLON' (registered
t rademar k @romeyfhmreomﬂcﬁm@- h&(€Fpe) mtWhere N ols dlaraet)ic

constant s. AP thdir A LPELPRely UPEW N1 8PL¥ER ! Bonstants,
~ .carbon fluorine polymers are being evaluated as a
dielectric for high-density and hybrid integrated
circuits. (See Dupont Data Sheet, "Teflon ® AF
Amorphous Fluoropolymer, A New Generation Of Teflon ®
Fluorocarbon Resins For High Performance", 14 pages,
1992.) However, there are several obstacles to the use
of carbon fluorine polymers in semiconductor
applications. One obstacle is that the maximum
temperature at which carbon fluorine polymers can be
used is in the range of 200°C to 300°C. As discussed
above, dielectric layers should be able to withstand
temperatures of at least 400°C. .
Another obstacle to the use of carbon fluorine
polymers is their poor adhesion characteristics.
Carbon fluorine polymers are essentially non-polar,
" containing no reactive chemical functionality, and they
are highly resistant to chemical attack. Thus adhesion
.. to various substrates depends primarily on physiéal,
rather than chemical interactions. (See e.g., Dupont,
"Teflon ® AF Product Information sheet, Adhesion
Information for TEFLON ® AF" 2 pages, 1992.)
Accordingly, what is desired is a dielectric layer
with a low dielectric constant, which exhibits good
mechanical stability at elevated temperatures and good
adhesion characteristics.

SUMMARY OF THE INVENTION _ .

In accordance with the invention, a method for
depositing a substituted fluorocarbon polymeric layer
exhibiting a high degree of cross-linking is presented.



pol ytetrafl uoroethylene: ((CFlerr])[err])K where Nis large.) Because of
their relatively |ow dielectric constants, carbon fluorine polyners are
bei ng evaluated as a dielectric for high-density and hybrid integrated
circuits. (See Dupont Data Sheet, "Teflon [err] AF Anorphous Fl uoropol ymner,
A New Generation O Teflon [err] Fluorocarbon Resins For H gh Performance",
14 pages, 1992.) However, there are sgeveral aobstacles to the use of carbon
fluorine polynmers in sem conductor applications. One obstacle is that the
maxi mum - tenperature at which carbon fluorine polyners can be used is in

the range stba@ftatefiCiaoctddhetionCpoAymiirdcydsyembamcoriiectsic | ayers
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‘resistant to chemcal a k. Thus adhesjon to var] ous substrates depends
primarily SHPERENES fungtionality Famical Ihih bigomnOxX IR & g, |
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characteri ghhetituted fluorocarbon polymers. This high degree of

cross-linking enhances the mechanical strength and

thermal stability of the substituted fluorocarbon

polymeric layers.

In one embodiment, a substrate is placed in a

plasma enhanced chemical vapor deposition (PECVD)

reactor. While maintaining the reactor pressure below

100 torr, a process gas comprising a fluorocarbon

containing gas component (fluorocarbon component) and a

substitute functionality containing gas component

(substitute component) is introduced into the reactor.

The process gas is then ionized thereby depositing on

the substrate a substituted fluorocarbon polymeric

layer. . _ |
' In accordance with this invention, the sub§tituted
fluorocarbon polymer layer deposited has a dielectric
constant in the range of 2 to 4, mechanical stability
at temperatures in excess of 400°C, and good adhesion
characteristics.

In some embodiments, the fluorocarbon component is
selected from the group consisting of
hexafluoropropylene C;F;, vinylidene. fluoride C,F,H, and
tetrafluorethylene C,F,. - Further, the substitute
component is a material which provides a source of
'silicon, oxygen or nitrogen, either individually or in
combination. Suitable materials which provide a source
of silicon include silicon tetrafluoride SiF,, silane
SiH, and disilicon hexafluoride Si,Fs,. A suitable



SUMMARY COF THE | NVENTION I n accordance with the invention, a nmethod for
. depositing a substituted fluorocarbon polynmeric |layer exhibiting a high
. degree of cross-linking is presented. 4 Substituted fluorocarbon
polyneric |layers according to this invention are formed of substituted
fl uorocarbon polyners in which the carbon functionality in standard

. fluorocarbon polynmers is selectively rgplaced with a substitute
functionality, typically silicon oxygen or nitrogen. The substituted

fl uor ocar bon ner, c_.l.ayers eg of cross-linking, i.e.
have a high H@&% ar Aty rﬁ?%%‘f ‘%eeﬁ v%e%o‘élﬁ%tgn FO?XYﬁgnsﬁBstltut ed

fl uorocarbon qmﬂrgaammxﬁn]saﬂn@ntkayg@)a of Sevidsdle mie ey iEillsamdeisch he
mechani cal RSt substituted fl uorocarbon
pol ymeric Ia%%rs n one‘gﬁ%g§$%§%?e* %%bg ?g is placed in a plasm
enhanced chemwmaﬂp&qum@n((m)z@aﬁwow |N#nandt ai ni ng t he
react or presgg&g@gﬂ&w&ﬁ{%ﬁ&&gidequrocess gas conpr|5|ng a fluorocarbon

cont ai ni ng gas conponent or ogar bon co onen % g a substitute
functionality cont% rﬂquéﬁ%F%%ﬁﬁ%%eﬁ?b?gb ePFr uReSHBRESAERL Y'Si s i ntroduced

into the reagildced on a pedestal in a thermal chemical vapor
deposition (CVD) reactor. The substrate temperature is
adjusted to a temperature in the range of -20°C to
400°C. While maintaining the reactor pressure at less
than 100 torr, a process gas comprising a fluorocarbon
component and a substitute component is introduced into
the reactor. The process gas reacts on the surface of
the substrate thereby depositing a substituted
fluorocarbon polymeric layer. Optionally, the process
gas can be ioniéed, thus enhancing the deposited
. substituted fluorocarbon polymeric layer.

BRIEF DESCRIPTION OF THEFE DRAWINGS

Fig. 1 is a flowchart of the primary steps
involved in depositing a substituted fluorocarbon
polymeric layer in accordance with an embediment of the
present invention. .

Fig. 2 is a schematic representation of a parallel
plate PECVD reactor in which a substituted fluorocarbon
polymeric layer is deposited in accordance with an
embodiment of the present invention.

Fig. 3 is a schematic representation of an
inductively couple PECVD reactor in which a
substituted fluorocarbon polymeric layer is deposited
in accordance with an alternative embodiment of the
present invention.

Fig. 4 is a flowchart of the primary steps
involved in depositing a substituted fluorocarbon
polymeric layer in accordance with an alternative
embodiment of the present invention.



The process gas is then ionized thereby depositing on the substrate a
substituted fluorocarbon polyneric layer. In accordance with this
~invention, the substituted fluorocarbon polynmer |ayer deposited has a

dielectric constant in the range of 2 to 4, mechanical stability at
tenperatures in excess of 400[err]C, and good adhesi on characteristics. In
"sonme enbodi nents, the fluorocarbon comgonent is selected fromthe group
consi sting of hexafluoropropylene Cerr]Ferr], V|nyI|dene fluoride

h
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typically contains silicon, oxygen or nitrogen. For
example, if the standard fluorocarbon polymer is
polytetrafluoroethylene, ((CF,);)y where N is large,
then the replaced carbon functionality is CF,. Further,

substituted fluorocarbon polymeric layers according to
this invention exhibit a high degree of cross-linking,
i.e. have a high degree of attachment between chains of
the substituted fluorocarbon polymers. This high
'degree of cross-~linking enhances the mechanical
strength and thermal stability of the substituted
fluorocarbon polymeric layers. _

Presented ih'Fig. 1 is a flowchart of the primary
steps ihvolved in depositing a substituted fluorocarbon
polymeric layer in accordance with an embodiment of the
invention. The first step in the deposition, as shown
in block 52, is to place a substrate, typically a
silicon wafer, on a pedestal in a reactor; The reactor
is typically a plasma enhanced chemical vapor t
deposition (PECVD) reactor. Suitable reactors include
Novellus's "CONCEPT 1" and "SPEED" reactors.

While maintaining the reactor préssure generally
below 100 torr and typically in the range of 0.2 to 50
torr, a process gas is introduced into the reactor, as
shown in block 54. Gas flow controllers are used to
control the process gas flow into the reactor.

The process gas is typically a gas mixture which
has a fluorocarbon containing gas component and a
substitute functionality containing gas component
(hereinafter a fluorocarbon component and a substitute
component, respectively). Suitable materials for the



pl aced on a pedestal in a thermal chem cal vapor deposition (CVD) reactor.
*The substrate tenperature is adjusted to a tenperature in the range of
-20[err]C to 400[err]C. Wiile maintaining the reactor pressure at |ess than
100 torr, a process gas conprising a fluoroecarbon conponent and a
substitute conponent is introduced into the reactor. The process gas reacts
on the surface of the substrate thereby depositing a substituted

fl uorocarbon polyneric layer. Optionally, the process gas can.be ionized,

t hus enhanci t he deposited substituted flyorocarbon pol ric er.

BRI EF DESCRI PYHERIOER mﬁ:iﬁ‘.‘ﬁf‘{% R R I epéh fary-
steps i nvol vétiereinefaert HFP)g stubstliidered fflumriobar®dsipol yneric |ayer in
accordance w ' ' f ' | ig. 2is a
schematic re %%g%ﬁ{x‘;aﬁ%%% o? 4 %e?r&a:}l%e‘iqrp a er%’%ﬂ#%gccﬁfgr in which a
substituted f(heredeaftexr FFB)veric | ayer is deposited in accordance with an

embodi ment of t he L SRI¥stiERIY | Khpdiidht 3id Sa mSEHLIRI | gni€RT esentation
of an inductive%x coupl e PECVD reactor in which a substituted fluorocarbon

, i C
pol yneri ¢ | aPEPVideFe fo S FS PHL O IRRe WXFSRAN BF t BABEPFSR enbodi nent

of the preseefithereriridividdallyt 915 in feomehedtion. t hsuptabiey steps
' nvolved in %%.%%fgfggﬁﬁf%ﬁn§éé¢§5§iglégﬁfggrggnsilicon include
silicon tetrafluoride SiF,, silane SiH,, or disilicon
hexafluoride Si,F¢. A suitable material which provides
a source of oxygen is tetraethoxysilane Si(CH0),
(hereinafter TEOS). Suitable materials which provide a
source of nitrogen include hekamethyldisilaéane
((CH;);Si),NH (hereinafter HMDS), ammonia NH3'and
nitrogen trifluoride NF;.

As shown in block 55, optionally the substrate can
be biased, for example by coupling radio frequendy (RF)
power (13.56 megahertz) to the pedestal upon which the
wafer is located.

Finally, the process gas is ionized thereby
depositing on the substrate a substituted fluorocarbon
polymeric layer, as shown in block 56. ,

In accordance with this invention, the substituted
fluorocarbon polymeric layer has a dielectric Eénstant
in the range of 2 to 4, mechanical stability at
temperatures in excess of 400°C and good adhesion
characteristics.

In a first embodiment, the process gas is a gas
mixture of HFP, VDF and silicon tetrafluoride. Silane
or disilicon hexafluoride can be substituted for
silicon tetrafluoride. The molecular ratio
(hereinafter referred to as "ratio” unless otherwise
indicated) of HFP to VDF is in the range of
approximately 0.1 to 1.0 and the ratio of silicon
tetrafluoride (or silane or disilicon hexafluoride) to
VDF is approximately 0.1. These ratios are obtained



pol ynmeric layer in accordance with an alternative enbodi-ment of the present
i nvent i on. 6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
Substituted fluorocarbon polyneric |ayers according to this invention are
formed of substituted fluorocarbon polyners in which the carbon
functionality in standard fluorocarbon polyners is selectively replaced
with a substitute functionality which tppically contains silicon, oxygen or
nitrogen. For exanple, if the standard 1l uorocarbon polyner is

pol yt etraf | uor get hyl ene, é&CF[err])[err )N where. N.is |large, then the
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cross-linking. i.-6€. ha Lah.. ree of nt_ b en chaipns of the
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primary steps invaolved  n depositing a substjtuted fluorocarbon polyneric
layer in accbr§Eacduprinesd anifddianghich i isRrNeAL Luereide) st step in

the depositi povidesh@Myas mixture having the desired ratios, i.e.
the ratio of HFP to VDF is 0.1 and the ratio of silicon
tetrafluoride (or silane or disilicon hexafluoride) to
VDF is 0.1. '

The gas mixture is then ionized thereby depositing
on the substrate a substituted fluorocarbon polymeric
layer at a growth rate of approximately 2500 A/minute.
In this embodiment the resulting polymer has a general
chemical composition of (CySi),Fu. Where N is > 3 and x
> 100. This polymer is an elastomer that has good
mechanical stability at high temperatures and is highly
resistant to chemical degradation. -

In a second embodiment, the process gas is a gas
mixture of HFP, VDF and TEOS. HMDS can be substituted
for TEOS. The ratio of HFP to VDF is in the range of
approximately 0.1 to 1.0 and the ratio of TEOS (or
HMDS) to VDF is approximately 0.1. ' -

The gas mixture is then ionized thereby deﬁbsiting
on the substrate a substituted fluorocarbon polymeric
layer at a growth rate of approximately 2500 A/minute.
In this second embodiment, the resulting polymer has a
general chemical composition of (CF,),8iO,F, or (CF,),Si,NF
depending upon whether TEOS or HMDS is used,
respectively, where x > 5. This polymer has a glass-
like character (amorphous structure) and good
mechanical stability at high temperatures.

In a third embodiment, the process gas is a
mixture of HFP, VDF and ammonia. Nitrogen trifluoride
can be substituted for ammonia. The ratio of HFP to
VDF is in the range of approximately 0.1 to 1.0 and the



I'n block 52, is to place a substrate, typically a silicon wafer, on a
pedestal in a reactor. The reactor is typically a plasm enhanced chem cal
vapor deposition (PECVD) reactor. Suitable reactors include Novellus's
"CONCEPT 1" and "SPEED' reactors. Wile maintaining the reactor pressure
generally below 100 torr and typically in the range of 0.2 to 50 torr, a
process gas is introduced into the reagtor, as shown in block 54. Gas flow
controllers are used to control the process gas flowinto the reactor. The
process gas rathippotabmponigayor ritregen dr itkuer idejprioeaVBP®nigont ai ni ng

gas conmponent and | tute functionality containing gas conponent
(herelnafteragpFPﬁgp%gg &b?'édnponent and a substitute cog&onent

respectively). SuThebbesmmistiviies ifsprthere ionizeq Jjohexahby eE%ﬁ%ﬁﬁéﬁt
Gor oS o R st prat sttt e e
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and (CF,) NF if nitrogen trifluoride is used as the
nitrogen source material, where x > 10. This polymer
has polar nitrogen functionality which aids in surface
bonding. '
In a fourth embodiment, the process gas is a
mixture consisting of TFE, HFP and silicon
tetrafluoride. Disilicon hexafluoride can be
substituted for silicon tetrafluoride. The ratio of
HFP to TFE is approximétely 0.1 and the ratio of
silicon tetrafluoride (or disilicon hexafluoride) to
TFE is also approximately 0.1.
The gas mixture is then ionized thereby depositing
on the substrate a-substituted fluorocarbon polymeric.
layer at a growth rate of approximately 2500 A/minute.
In this fourth embodiment the resulting polymer has a
general chemical cbmposition of (CnSi),Fns+s Where N is >
3 and x > 10. This polymer is an elastomer witl good
. mechanical stability at high temperatures and is highly
resistant to chemical degradation. '
Fig. 2 is a schematic representation of a parallel
plate PECVD reactor 70 in which a substituted
fluorocarbon polymeric layer is deposited in accordance -
with one embodiment of the present invention. Reactor
70 includes a first conductive plate 72 and a second
conductive plate 74 (a pedestal) upon which a substrate
76 is placed. An AC generator 78, typically an RF
generator, is coupled to first and second conductive
plates 72, 74.



silicon tetrafluoride SiF4, silane SiH4, or disilicon hexafluoride
Si[err]F[err]. A suitable material which provides a source of oxygen is
tetraet hoxysilane Si(Clerr]Herr]0)[err] (hereinafter TECS). Suitable
materials which provide a source of nitrogen include hexanethyl di sil azane
((CHerr])[err]Si)[err]NH (hereinafter HVDS), ammonia NH3 and nitrogen
trifluoride NF[err]. As shown in blqgk 55, optionally the substrate can be
bi ased, for exanple by coupling radio frequency (RF) power (13.56
megahertz) to théaGabkwen| (RHBapowerchfxrom ganerator| @8atedcofpded y, the

process gas ﬁ& ﬂmg&dﬂ hejgby ﬁep@seféaeegnateﬁméubawﬁhg g1apshiit ut ed
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excess of 4 er n od adhesion, characteri,sti In a first
eﬁbodinent, 4ﬂ9{é€%€§gl%§§p?§eﬁ S%geﬁ?x?ﬁ?euﬁ?dkﬁﬂ 'VB? Snd silicon
tetrafl uori deartsi¢ularly, dtke | power hdenslityr petbensbefagksbift ut ed for
silicon tetrgfddiordde. 7dhes ”P&ﬁf&é?i%fiégg ensagésp%&&mgﬁfe% gd to as

“ratio" unless otherw se indiCate nge of
appr oxi mat elWatta/ew . 1 Theyden Klensity aghieved oie tganeralbyite e sil ane
or disilicorangxadt L@_ﬁpﬁ'@ilﬁﬁtely 1x10® ions/cm® to 1x10° ions/cm’.

Optionally, referring to block 55 of Fig. 1,
substrate 76 can be biased by coupling AC power (RF
pover) from a second AC geherator 80, typically an RF
generator, to plate 74. This creates a-net.negative
charge on substrate 76 (since electrons are more mobile
than ions) which attracts positively charged ions to
substrate 76 and enhances the characteristics of the
deposited substituted fluorocarbon polymeric layer.
For example, substrate 76 is biased to increase the
deposition rate.

Fig. 3 is a schematic representation of an
inductively coupled PECVD reactor 90 in which a
substituted fluorocarbon polymeric layer is deposited
in accordance with an alternativé embodiment of the
present invention.. Reactor 90 includes a hemispherical
dome 92, typically made of quartz or alumina, and an
inductive coil 94 wound around the outer surface of
dome 92. An AC generator 96, typically an RF
generator, is coupled to the first and second ends of
inductive coil 94. A substrate 100 is placed on a
pedestal 98 to which an AC generator 102, typically an
RF generator, is coupled.

AC power (RF power) from generator 96 is coupled
to inductive coil 94. This creates a time varying
solenoidal electric field in reactor 90 which,
referring to block 56 of Fig. 1, ionizes the process
gas. Generally, lower power levels are used and, more



VDF is approximately 0.1. These ratios are. obtained 8 using mass fl ow
controllers to control the flow rates of HFP, VDF and silicon tetrafluoride
(or silane or disilicon hexafluoride). For exanple, a flow rate of 1000
standard cubic centinmeters per mnute (hereinafter sccm) of VDF, 100 sccm
of HFP, and 100 sccmof silicon tetrafluoride (or silane or d|5|||con
hexafluorlde) provi des a gas mixture haying the desired ratios, i.e. the
rati o of HFP to VDF is 0.1 and the ratio of silicon tetrafluoride (or
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enbodi-ment tb\enrl%ulﬂdrn@d@@wrléﬂ&%m%wrm @h@nw eCefposi tion of

Clast ofor 1 har N YA ERaht Lo i EragPR ; I8 ﬁ?%if%n#améi and i s

el ast oner th 10349
hi ghly resist(@®m ;tometﬁ)eruamlbejegnmmd o pedestalond £rbmdgaratratohe

process gas iy 9% EF £o/DF and TECS. HMDS can be substituted
for TECS. The%¥§§?€§° %ﬁ%ﬁée iS5 Th the range of approximately 0.1 to

1.0 and the ratio Iof tngjfxqﬁ 2 and Fig. 3 reactors, the substrate
is located in the plasma. However, in alternative
embodiments, a high density plasma is generated away
from the substrate (a remote plasma with an ion density
in the range of approximately 1x10!atoms/cm® to
"1x10"2atoms/cm’) and ions travel from the plasma to the
substrate and deposit a substituted fluorocarbon
polymeric layer. Examples of high density remote
plasma reactors include electron cyclotron resonance
(ECR) reactors and helicon wave reactors. In some of
these embodiments, the substrate is biased to enhance
the extraction of ions from the plasma to the
substrate. ' .

Presented in Fig. 4 is a flowchart of the primary
steps involved in depositing a substituted fluorocarbon
polymeric layer in accordance with another embodiment
of the invention. The first step in the éeposi;ion, as
shown in block 62, is to place a substrate,'tyﬁfbally a

‘i silicon wafer, on a pedestal in a reactor. The reactor
is typically a thermal CVD reactor.

As shown in block 64, the substrate is heated (or
cooled) using conventional techniques to a temperature
in the range of -20°C to 400°C.

While maintaining'the substrate temperature from
block 64 and the reactor pressure below 100 torr,
process gas is introduced into the reactor, as shown in
block 66. The précess gas reacts on the surface of the

- substrate thereby depositing a substituted fluorocarbon
polymeric layer. For example, the process gas can be



HVDS) to VDF is approximately 0.1. The gas mixture is then ionized thereby
- depositing on the substrate a. substituted fluorocarbon polyneric |ayer at a
-grom h rate of approximately 2500 A/mnute. In this second enbodi nent, the
resul ting polyner has a general chem cal conposition of '
(CFlerr]),Sierr]F[err] or (CFlerr]),Si[err]NF dependi ng upon whet her TECS
or HVDS is used, respectively, where x32 5. This polyner has a glass- |ike
character (anorphous structure) and good nechanical stability at high

tenperat ures.q|d ﬂftﬂié g%§£rbﬂ? "E‘L‘?P&%éaéhﬁegéil%éﬁ 97 ¢ 2 ?oﬁizxt“re of HFP,

VDF and ammonia. N trogenh trifluori can be substituted for amonia. The
rati o of HFP empadimenrts akaeerange of approxi mately 0.1 to 1.0 and the

9 ratio of ammoni aofeionaiipgeast 8hbhHOLhUBloER ¥EF ithedpRResERigRlsy” 0. 1.
The gas mi xture is then,ionqized thereby de OS|L|nq a . substituted
f1 uor ocar bon TR yRRr1eN1252r . T‘hetm‘gcéﬁ?r gaénﬁédi REdZeth &0 ebrmcsy

pol ymer has atlyendepdsitibohcat thepsabstatutkd( ERueroch®on N and
(TN e RER A Aayupercas Wanhly 80CToslth BEUoa iy
ni trogen sour¥®temterial, where x > 10. This pol yner :
While my invention has been described with respect
to the embodiments and variations set forth above,
these embodiments and variations are illustrative and I
do not necessarily consider my invention to be limited
in scope to these embodiments and variations.
Accordingly, other embodiments and variations not
' described herein may be considered within the scope of
ny invention as defined by one or more of the following
claims.



has pol ar nitrogen functionality which aids in surface bonding. In a fourth
- enbodi nent, the process gas is a mxture consisting of TFE, HFP and silicon
tetrafluoride. Disilicon hexafluoride can be sub#%TTTﬁ?ﬁTT‘W”TﬂﬁTTxﬁr :
tetrafluoride. The ratio of HFP to TFE i s apprOX|na ratio
of silicon tetrafluoride (or disilicon hexafl uori “",",E' dn ﬂ&’gﬁ
~approximately 0.1. The gas m xture is tjgn |on|ze t here g on
the substrate a substituted fl uorocarbon polymeric layer at a growh rate
of approxi nggtmg?500 A/minute. In this fourth enbodi nent the resulting
polymer has a general chem cal conposition of (Cerr]Si)[err]Ferr] where N

Is >3 and x > 10 ol yner is an el astomer with good mechani cal
stability at hightdt erﬂpmexthadasoﬁrﬁbpesmmyare‘sbstimuted chem cal

degradation.g 43%(; A5ord LE£SE, Qﬁﬁiigﬂ ftﬁepQE@ kebgR! ate PECVD

reactor 70 in a substi uted f* rocar yneric er i s deposited
in accordance with onéadrg @rﬁ“@t¥ﬂﬁep?ﬁés%n¥eﬁﬁ§8ﬁtﬂ on React or 70

includes a first condupitreawtBie 32filfléltagéQCﬁﬂdtﬁﬁéddGﬁ\pYQsﬁhqtQ 74 (a
pedestal ) upon which a substrate enerator

typically an RF FERTRL PR %%ﬁﬁ?%ﬁl 8 9??5?n8n8 §Egﬁﬁ&t8 ductlve pl at es

72, 74. functionality containing gas (component] into said
| reactor while maintaining a pressure in said
reactor at less than or equal to 100 torr; and
ionizing said first gas mixture thereby
depositing said substituted fluorocarbon polymeric-
layer on said substrate.

2. The method of Claim 1 wherein said pressure in
said reactor is in the range of 0.2 to 50 torr.

3. The method of Claim 1 wherein said
fluorocarbon containing gas is selected from the group
consisting of hexafluoropropylene (HFP), vinylidene
fluoride (VDF) and tetrafluorethylene (TFE).

4. The method of Claim 1 wherein said substitute
functionality containing gas provides a source of
‘v silicon.

5. The method of Claim 4 wherein said substitute
functionality containing gas is selected from the group
‘consisting of silicon tetrafluoride, silane and
disilicon hexafluoride.

6. The method of Claim 1 wherein said substitute
functionality containing gas provides a source of
oxygen.



10 AC power (RF power) fromgenerator 78 is coupled to plates 72, 74. This
Ccreates a tine varying electric field between pl ate72—and—ptate—74—-whi ch,

referring to block 56 of Fig. 1, ionizes the proces al | | ow
power | evels are used and, nore particularly, the p&ﬁmwﬂ ﬁm)"r“he
surface of substrate 76 is typically less than appr s ol

watts/cnierr]. The ion density achievedjigs generally in the range of

approximately | x10[err] ions/cnferr] to 1x10[err] ions/cnierr]. Optionally,
referring to block 55 of Fig. 1, substrate 76 can be biased by coupling AC
power (RF power) f7om Fhee@eidosC ofetdadimré sthensin csaid swbsFigehkerat or,

to plate 74. FanetGlopahgty? diitdigtitd s hias %m&%&*g{fﬁé.(si nce
el ectrons are nore nobile than ions) which attracts positively charged ions

to substrate 76 and enhances the characteristics of the deposited
substituted fl uoro@ar b@hepaietirrd off Blaim Forwiexeeih esa sdbstbat ttubei s

repr osent at | of A AN Ryel S b afe drdy A4, SRGIRECR, o

substituted fni&x®e®on pol yneric |ayer is deposited in accordance with an
alternative enbodi mrent of the present invention. Reactor 90 includes a

hem spheri cal -, . . .
9. The method of Claim 8 whereln said substitute

functionality containing gas is selected from the group
consisting of'hexamethyldisilazqne (HMDS) , ammonia and
nitrogen trifluoride.

10. The method of Claim 1 wherein said
fluorocarbon containing gas is a second gas mixture
comprising hexafluoropropylene (HFP) and vinylidene
fluoride (VDF) and wherein said substitute
functionality containing gas is selected from the group
consisting of silicon tetrafluoride, silane and
disilicon hexafluoride.

11. The method of Claim 10 wherein a molecular
ratio of said HFP to said VDF in said first gas mixture
is in the range of approximately 0.1 to 1.0 and wherein
a molecular ratio of said substitute functionality
containing gas to said VDF in said first gas mixture is
approximately 0.1.

12. The method of Claim 10 wherein said
"substituted fluorocarbon polymeric layer is formed of
polymers which have a general chemical composition of
(CySi), Fonss Where N is > 3 and x > 100.

13. The method of Claim 1 wherein said
fluorocarbon containing gas is a second gaé mixture
comprising hexafluoropropylene (HFP) and vinylidene '
fluoride (VDF) and wherein said substitute



dorre 92, typically made of quartz or alum na, and an_inductive—eeir—94—
- wound around the outer surface of done 92. An AC generator 9 M‘M
94.

RF generator, is coupled to the first and second endlsrnnl“ mg‘
A substrate 100 is placed on a pedestal 98 to which
typically an RF generator, is coupled. AC power (RF bomer) fron1generator

96 is coupled to inductive coil 94. Thid45creates a tinme varying sol enoi dal
electric field in reactor 90 which, referring to block 56 of Fig. 1,

i oni zes the pfonetsogai1t€enenahuy;nh0@es m@maenagnﬂdsﬁﬂamtnnniqnmupnnre
part|cuIarIy,cggﬁlg§8ﬁaag§n§bE agkrbggsqq |on THoHuURid ate 100 is less

t han approxi mate err ensity is achieved in the
range of IxICP@KPFPEhXﬁ@#Fé#PFaPG Kﬁy@ﬁﬁpr]lons/cn{err] optional ly, AC
power (RF power) can be coupled to pedestal 96 from generator 102 to bias

t he substrate. e Fj d Fi r.eacgt.or t he subst ate |s | ocat ed
in the plasna. Fbméger &Bﬁ QF? gbéﬁéﬁﬂb :%nghﬁf eip g 1P % plasma
i s generat ed aaayofo@nsahd ﬂEWstmaEam@avuﬂnnnaqﬂiﬁnﬁdmutkgaSImrxtumasity
in the range P I AT & rdo t
| x10[ err] atorrg% 1 erﬁé} %&1‘?&?{8&( %[pavé% ﬁar om)fhee{)ldétosrrg t an% wherein
olecular ratio of said substitute functionality
contalning gas to said VDF in said first gas mixture is

approximately 0.1.

15. The method of Claim 13 wherein said
substituted fluorocarbon polymeric layer is formed of
polymers which have a general chemical composition of
(CF,),Si0,F, if said substitute functionality containing
gas is TEOS and (CF,),Si,NF if said substitute
functionality containing gas is HMDS, where x > 5.

16. The method of Claim 1 wherein said .
fluorocarbon containing gas is a second gas mixture
comprising hexafluoropropylene (HFP) and vinylidene
fluoride (VDF) and wherein said substitute
functionality containing gas is selected from the group
consisting of ammonia and nitrogen trifluoride:

- 17. The method of Claim 16 wherein a molecular
ratio of said HFP to said VDF in said first gas mixture
is in the range of approximately 0.1 to 1.0 and wherein
a molecular ratio of said éubstitute functionality
containing gas to said VDF in said first gas mixture is
approximately 0.1. '

18. The method of Claim 16 wherein said
substituted fluorocarbon polymeric layer is formed of
polymers which have a general chemical composition of
(CF,),N and (CF,),NH if said substitute functionality



substrate and deposit a substituted fluorocarbon polyneric layer FExanples
‘of high density renote plasnma reactors include el ectifon gyclotron resonance

(ECR) reactors and helicon wave reactors. In sone of‘; tmﬂﬂmwﬂ Iuﬂm t he
substrate is biased to enhance the extracti-on of ions lik _ 0
the substrate. Presented in Fig. 4 is a flowhart of the grifary sfeps

involved in depositing a substituted flygrocarbon pol ymeric layer in _
accordance with anot her enbodi ment of the invention. The first step in the

deposi tion, aordmiwing ddoclks Ghamdrsid capd a¢eF7 Mubnadr §CE,) Nypi€ally a
si-licon wafer,_ .on a.pedestal in a reactor. T ri pically a

t her mal CVD|%§%§lﬁ?6§§£§ﬁﬁﬁw#??§#ﬂ%ﬁii%ég ?ﬁﬁtégﬁgﬁgagggiégheated (or
cool ed) usi ngidorogaT itonkf luecihde qudsere = *ebPerature in the range of
-20[err]C to 400[err]C. Wiile maintaining the substrate tenperature from

bl ock 64 and the reactor pressure below 100 torr, process gas is introduced
into the reactor, ¥% sHEhé® methedcRf c6laimelpvheEednggadideacts on the

surface of theludhsddbén LEGRERYn 08GYOGasi 18 a subohit ghedmikearecar bon

polymeric | ayer: FPLs 85 AP Ba e 108 BERG PR IPRFET "ol 12
hexafluoropropylene (HFP) and wherein said substitute
functionality containing gas is selected from the group
consisting of silicon tetrafluoride and disilicon
hexafluoride. .

20. The method of Claim 19 wherein a molecular
ratio of said HFP to said TFE in said first gas mixture
is approximately 0.1 and wherein a molecular ratio of

- said substitute functionality containing gas to said
TFE in said first gas mixture is approximately 0.1.

21. The method of Claim 19 wherein said
substituted fluorocarbon poiymeric layer is formed of
polymers which have a general chemical compositidn'of
(CxSi),Fonss Where N is > 3 and x > 10.

22. The method of Claim 1 wherein said step of
ionizing further comprises the step of coupling RF
power to said reactor- . ' .

'23. The method of Claim 22 wherein a power

density on said substrate is less than approximately 2
watts/cm?.

24. The method of Claim 1 wherein said reactor is
a parallel plate plasma-enhanced chemical vapor
deposition (PECVD) reactor.



one of the gas mxtures as described in the four enbodi ments above.
Optionally, as shown in block 68, the process gas{can be ionized. The
process gas is ionized to enhance the deposition of fu
fl uorocarbon polyneric |ayer, for exanple to incr aH“ml\m“mIn)Mm “ rate.
While my invention has been described with respec te the lenBodismernts and
. variations set forth above, these enbqggi nents and'variations are
illustrative and I do not necessarily consider ny invention to be limted
ipm sgope to thgsezsrrboﬂhaemésraaad_otacnaﬁinonswhémmisagﬂw,réadthrd is .
enbodi ments and, variati nof (of} e considered within
t he scope of 1¥§$%ﬁi?§2§a§888?§§ igg §Pnﬁ%%% qﬁﬁ? olARRE ng
cl ai ms. 1@eppai tvon &PQCHD)lreAcnorhod of depositing a substituted
fl uorocarbon polyneric |layer conprising the steps of: placing a substrate
in a reactor; |ntrodu0|ng a first %as n1xture conprising a fluorocarbon
containing gas an@®a sGB&:methed of Claim 1 wherein said step of
ionizing said first gas mixture creates a plasma, said

plasma beiﬁg remote from said substrate.

27. A method of depositing a substituted
fluorocarbon polymeric layer comprising the steps of:

placing a substrate in a reactor;

adjusting a temperature of said substrate to
be in the range of -20°C to 400°C; and

introducing a gas mixture comprising a
fluorocarbon containing gas and a substitute
functionality containing gas into said reactor
while maintaining a pressure in said reactor at
less than or equal to 100 torr thereby depositing
said substituted fluorocarbon polymeric layer on
said substrate.

28. The method of Claim 27 further compr1s1ng the-
step of ionizing said gas mixture. '



functionality containing-gas [conponent] into said reactor while
“mairntaining a pressure in said reactor at |less than or equal to 100 torr;
and ionizing said first gas m xture thereby depositing said substituted
fl uorocarbon polyneric |ayer on said substrate. 2. The nmethod of Caim1l
wherein said pressure in said reactor is in the range of 0.2 to 50 torr. 3.
The nethod of Claim1 wherein said fluoygcarbon containing gas is selected
fromthe group consisting of hexafl uoropropylene (HFP), vinylidene fluoride
(VDF) and tetrafluorethylene (TFE). 4, The nethod of Caim1 wherein said
substitute functionality containing gas provides a source of silicon. 5.
The nmethod of Claim4 wherein said substitute functionality containing gas

is selected fraomthe rou con5|st|n of silicon tetrafluoride, silane and
di silicon hexa¥FTHYP BHFTIRUTED FLYOROCARBON: § substitute
functionality containlng gas ponvnaazqanawnRSe.of oxygen. 14 7. The

met hod of Claim6 wherein said substitute

ABSTRACT .

In accordance with the invention, a method of
depositing substituted fluorocarbon polymeric layers
exhibiting a high degree of cross-linking is presented.
Formation of a substituted fluorocarbon polymeric layer
‘includes placing a substrate into a reactor and, while
maintaining the reactor pressure below 100 torr, introducing a
process gas into the reactor. Optionally, the substrate is
biased. The process gas is then ionized thereby depositing the
substituted fluorocarbon polymeric layer on the substrate.

Figure 1



functionality containing gas is tetraethoxysilane. 8. The nmethod of Caiml
“wherein said substitute functionality containing gas provides a source of
nitrogen. 9. The nethod of C aim8 wherein said substitute functionality
containing gas is selected fromthe group consisting of
hexanet hyl di si | azane (HVDS), ammonia and nitrogen trifluoride. 10. The

nmet hod of Caiml1 wherein said fluorocarbon containing gas is a second gas
m xture conpri sing hexafluoropropylenelgyFP) and vinylidene fluoride (VDF)
and wherein said substitute functionality containing gas is selected from
the group consisting of silicon tetrafluoride, silane and disilicon
hexaf |l uoride. 11. The nmethod of C aim 10 wihe g & MOl ecul ar ratio of said
HFP to said VDF in said first gg S 4~5'EEH e range of approximately
0.1 to 1.0 and wherein a nol ecu fﬁ&_ﬁ@ﬂsald pubst it ute functlonallty
containing gas to said VDF in s3 (S 28 fre i s approxi mately O.

12. The method of Caim 10 whereln sai‘d substituted fluorocarbon polynerlc
| ayer is formed of polynmers which have a general chem cal conposition of
(Cerr]Si)[err]F[err] where (=3 amt—=x——t00—13—7The nethod of daim1l
wherein said fluorocarbon contaFﬂhag.g@m&x@ﬁr&ﬂunnd as mxture
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conpri si ng hexafl uoropropyl ene (HFP) and vinylidene fluoride (VDF) and

" wherein said substitute 15 functionality containing gas is selected from
the group consisting of tetraethoxysilane (TEQCS) and hexanet hyl di sil azane
(HVDS). 14. The nethod of C aim 13 wherein a nolecular. ratio of said HFP
to said VDF in said first gas mixture is ’in the range of approximately 0.1
to 1.0 and wherein a nolecular ratio of said substitute functionality
containing gas to said VDF in said firs3/3yas m xture is approximately 0. 1.
15. The nethod of C aim 13 wherein said substituted fluorocarbon pol yneric
| ayer is formed of polynmers which have a general chem cal conposition of
(CF[err])[err]Siderr]Flerr] if ~Substitute functionality containing
gas is TECS and (CF[err])[err] $ lw}'-ﬁ'“_,f- al.d substitute functionality
containing gas is HVDS, where &g 5. y ’%BEBQOd of Claim1l wherein said
f1 uorocarbon containing gas is a secord gs re conprising :

hexaf | uor opr opyl ene (HFP) and vinylidene fTTo&g ,e (VDF) and wherein said
substitute functionality containing gas is sel ected fromthe. group

consi sting of amonia and niltr n trifluorl de.
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17. The method of Claim 16 wherein a nol ecul ar ratlo of salq# g, 0 ald
VDF in said first gas mxture is in the range of apprOX|na éﬁi 4ﬂ

and wherein a nolecular ratio of said substitute functiionality cj |n|ng
gaS to said VDF.in said first gas mixture is approximately 0.1. 18. The

met hod of Cl aim 16 wherein said substituted fluorocarbon polyneric |ayer is
formed of pol ymers which have a general chenical conposition of (CFlerr]),N
and (CFlerr]),NH if said substitute functifality 16 containing gas is
amonia and (CF[err])[err]N and (CF[err])[err]NF if said substitute
functionality containing gas is nitrogen trifluoride, where x > 10. 19.

The method of Claim1l wherein-said fluorocarbon containing gas is a second
gas m xture conprising tetrafluorethylene (TFE) and hexafl uoropropyl ene
(HFP) and wherein said substitute functionality containing gas is selected
fromthe group consisting of silicon tetrafluoride and disilicon
hexaf | uori de. 20. The nethod of O aim19 wherein a nolecular ratio of said
HFP to said TFE in said first gas mxture is approximately 0.1 and wherein
a nmol ecular ratio of
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said substitute functionality containing gas to said TFE in said first gas

mxture is approximately 0.1. 21. The nethod o
substituted fluorocarbon polyneric layer is fo
conposition of (CJerr]Si)[err
> 10. 22. The method of G aim1l wherein said sfep
conprises the step of coupling RF power to sai
Claim 22 wherein a power density on sai
24. Th

géneral chem ca

approximately 2 watts/cnierr].

reactor is a parallel

(PECVD) reactor.
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pl acing a substrate in a reactor; adjusting a tenperature of said substrate
to be in the range of -20[err]C to 400[err]C, and introducing a gas m xture
conprising a fluorocarbon containing gas and a substitute functionality
containing gas into said reactor while maintaining a pressure in said
reactor at |less than or equal to 100 torr thereby depositing said
substituted fluorocarbon polyneric |ayer on said substrate. 28. The nethod
of Claim 27 further conpr|5|ng the step @/3ionizing said gas n1xture
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