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(57) ABSTRACT 

A method of processing a substrate including depositing a 
loW dielectric constant ?lm comprising silicon, carbon, and 
oxygen on the substrate and depositing an oxide rich cap on 
the loW dielectric constant ?lm is provided. The loW dielec 
tric constant ?lm is deposited from a gas mixture comprising 
an organosilicon compound and an oxidiZing gas in the 
presence of RF poWer in a chamber. The RF poWer and a 
How of the organosilicon compound and the oxidiZing gas 
are continued in the chamber after the deposition of the loW 
dielectric constant ?lm at How rates suf?cient to deposit an 
oxide rich cap on the loW dielectric constant ?lm. 
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101A FLOW ONE OR MORE ORGANOSILICON 
COMPOUNDS AND ONE OR MORE 

OXIDIZING GASES INTO A CHAMBER 

I 

103A DEPOSIT A LOW DIELECTRIC CONSTANT 
FILM COMPRISING SILICON, CARBON, 

AND OXYGEN ON A SUBSTRATE IN THE 
PRESENCE OF RF POWER 

I 

105A INCREASE A TOTAL FLOW RATE OF THE 
ONE OR MORE OXIDIZING GASES INTO 

THE CHAMBER 

I 

107A DECREASE A TOTAL FLOW RATE OF THE 
ONE OR MORE ORGANOSILICON 
COMPOUNDS INTO THE CHAMBER 

109A DEPOSIT AN OXIDE RICH CAP IN THE 
PRESENCE OF RF POWER 

FIG. 1 
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HEATED GAS FEEDTHROUGH FOR CVD 
CHAMBERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of co-pending US. 
patent application Ser. No. 10/840,754, ?led May 6, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention generally 
relate to the fabrication of integrated circuits. More particu 
larly, embodiments of the present invention relate to a 
method and apparatus for processing a substrate that 
includes depositing an oxide rich cap on a loW dielectric 
constant ?lm. 

[0004] 2. Description of the Related Art 

[0005] Semiconductor device geometries have dramati 
cally decreased in siZe since such devices Were ?rst intro 
duced several decades ago. Since then, integrated circuits 
have generally folloWed the tWo year/half-siZe rule (often 
called Moore’s LaW), Which means that the number of 
devices that Will ?t on a chip doubles every tWo years. 
Today’s fabrication plants are routinely producing devices 
having 0.13 pm and even 0.1 pm feature siZes, and tomor 
roW’s plants soon Will be producing devices having even 
smaller geometries. 

[0006] In order to further reduce the siZe of devices on 
integrated circuits, it has become necessary to use conduc 
tive materials having loW resistivity and to use insulators 
having loW dielectric constants (k<4) to reduce the capaci 
tive coupling betWeen adjacent metal lines. Recent devel 
opments in loW dielectric constant ?lms have focused on 
incorporating silicon (Si), carbon (C), and oxygen (0) atoms 
into the deposited ?lms. 

[0007] The development of Si, C, and 0 containing ?lms 
that have a very loW dielectric constant as Well as desirable 
thermal and mechanical properties has been challenging. 
Often, ?lms made of a Si, C, and 0 network that have a 
dielectric constant less than 2.5 exhibit poor mechanical 
strength and are easily damaged by etch chemistry and 
subsequent plasma exposure, such as exposure to oxygen 
containing plasmas, causing failure of the integrated circuit. 

[0008] It has also been observed that very loW dielectric 
constant ?lms comprising silicon, carbon, and oxygen often 
have a hydrophobic surface that hinders the deposition of 
subsequent ?lms on the surface of the loW dielectric constant 
?lms and reduces the adhesion of the loW dielectric constant 
?lms to subsequently deposited ?lms. 

[0009] Thus, there remains a need for a method of depos 
iting loW dielectric constant ?lms With improved surface 
characteristics. 

SUMMARY OF THE INVENTION 

[0010] The present invention generally provides a method 
of processing a substrate, comprising ?oWing one or more 
organosilicon compounds and one or more oxidiZing gases 
into a chamber, depositing a loW dielectric constant ?lm 
comprising silicon, carbon, and oxygen on a substrate in the 
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chamber in the presence of RF poWer, increasing a total ?oW 
rate of the one or more oxidiZing gases into the chamber, 
decreasing a total ?oW rate of the one or more organosilicon 
compounds into the chamber, and depositing an oxide rich 
cap on the loW dielectric constant ?lm in the chamber in the 
presence of RF poWer. 

[0011] In another embodiment, a method of processing a 
substrate comprises ?oWing an organosilicon compound and 
an oxidiZing gas into a chamber, depositing a loW dielectric 
constant ?lm comprising silicon, carbon, and oxygen on a 
substrate in the chamber in the presence of RF poWer at a 
?rst poWer level, increasing a ?oW rate of the oxidiZing gas 
into the chamber, decreasing a ?oW rate of the organosilicon 
compound into the chamber, and depositing an oxide rich 
cap on the loW dielectric constant ?lm in the chamber in the 
presence of the RF poWer at the ?rst poWer level. 

[0012] In a further embodiment, a method of processing a 
substrate comprises ?oWing an organosilicon compound, an 
oxidiZing gas, and a carrier gas into a chamber, depositing a 
loW dielectric constant ?lm comprising silicon, carbon, and 
oxygen on a substrate in the chamber in the presence of RF 
poWer, decreasing the percent volume of the oxidiZing gas in 
the chamber, decreasing the percent volume of the organo 
silicon compound in the chamber, increasing the percent 
volume of the carrier gas in the chamber, and depositing an 
oxide rich cap on the loW dielectric constant ?lm in the 
chamber in the presence of RF poWer. 

[0013] In another embodiment, a substrate processing 
system is provided, Wherein the substrate processing system 
comprises a gas panel comprising a ?rst precursor source 
?uidly connected to a ?rst vaporiZer and a second precursor 
source ?uidly connected to a second vaporiZer, a chemical 
vapor deposition chamber comprising a heated gas 
feedthrough comprising a Wall de?ning a feedthrough hole, 
and a line ?uidly connecting the ?rst vaporiZer and the 
second vaporiZer to the chemical vapor deposition chamber, 
Wherein the line is con?gured to heat a ?uid passing there 
through. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

[0015] FIG. 1 is a process ?oW diagram illustrating a 
method incorporating an embodiment of the invention. 

[0016] FIG. 2 is a cross-sectional diagram of an exem 
plary processing chamber that may be used for practicing 
embodiments of the invention. 

[0017] FIG. 3 is a block diagram of a gas panel attached 
to a chamber according to an embodiment of the invention. 

[0018] FIG. 4 is a cross sectional vieW of a heated gas 
feedthrough according to an embodiment of the invention. 

[0019] 
4. 

FIG. 4A is an expanded vieW of a section of FIG. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] Embodiments of the invention provide a method of 
depositing a loW dielectric constant ?lm on a substrate and 
an oxide rich cap on the loW dielectric constant ?lm. The loW 
dielectric constant ?lm comprises silicon, carbon, and oxy 
gen. In one aspect, the loW dielectric constant ?lm is an 
organosilicate layer and has a dielectric constant of about 3 
or less. As de?ned herein, an “oxide rich cap” is a ?lm 
having a higher oxygen content than the loW dielectric 
constant ?lm on Which it is deposited. The oxide rich cap is 
deposited from a gas mixture having the same components 
as the gas mixture used to deposit the loW dielectric constant 
?lm and also includes silicon and carbon. 

[0021] FIG. 1 is a process How diagram summarizing an 
embodiment of the invention. In step 101, one or more 
organosilicon compounds and one or more oxidiZing gases 
are ?oWed into a chamber. In step 103, a loW dielectric 
constant ?lm comprising silicon, carbon, and oxygen is 
deposited on a substrate in the chamber from a mixture of 
the one or more organosilicon compounds and the one or 
more oxidiZing gases in the presence of RF poWer. In step 
105, a total ?oW rate of the one or more oxidiZing gases into 
the chamber is increased. In step 107, a total ?oW rate of the 
one or more organosilicon compounds into the chamber is 
decreased. In step 109, an oxide rich cap is deposited on the 
loW dielectric constant ?lm in the presence of RF poWer. As 
the oxide rich cap is deposited immediately after the depo 
sition of the loW dielectric constant ?lm in the same chamber 
from the same gases, there is not a sharp interface betWeen 
the loW dielectric constant ?lm and the oxide rich cap. 
Instead, there is an oxygen concentration gradient betWeen 
the loW dielectric constant ?lm and the oxide rich cap. 

[0022] The one or more organosilicon compounds used to 
deposit the loW dielectric constant ?lm may be an organosi 
loxane, an organosilane, or a combination thereof. The term 
“organosilicon compoun ” as used herein is intended to 
refer to compounds containing carbon atoms in organic 
groups, and can be cyclic or linear. Organic groups may 
include alkyl, alkenyl, cyclohexenyl, and aryl groups in 
addition to functional derivatives thereof. Preferably, the 
organosilicon compounds include one or more carbon atoms 
attached to a silicon atom such that the carbon atoms are not 
readily removed by oxidation at suitable processing condi 
tions. The organosilicon compounds may also preferably 
include one or more oxygen atoms. 

[0023] Suitable cyclic organosilicon compounds include a 
ring structure having three or more silicon atoms, and 
optionally one or more oxygen atoms. Commercially avail 
able cyclic organosilicon compounds include rings having 
alternating silicon and oxygen atoms With one or tWo alkyl 
groups bonded to the silicon atoms. Some exemplary cyclic 
organosilicon compounds include: 

[0024] l,3,5-trisilano-2,4,6-trimethylene, 
i(iSiH2CH2i)3 -(cyclic) 

[0025] 1,3 ,5 ,7-tetramethylcyclotetrasiloxane (TMCTS), 
i(iSiHCH34Oi)4- (cyclic) 

[0026] octamethylcyclotetrasiloxane (OMCTS), 

[0027] l,3,5,7,9-pentamethylcyclopentasiloxane, 
i(iSiHCH34Oi)5-(cyclic) 
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[0028] l,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 
i(iSiH2iCH2iSiH24Oi)2-(cyclic) 

[0029] hexamethylcyclotrisiloxane, i(iSi(CH3)2iOi 
)3-(cyclic). 

[0030] Suitable linear organosilicon compounds include 
aliphatic organosilicon compounds having linear or 
branched structures With one or more silicon atoms and one 

or more carbon atoms. The organosilicon compounds may 
further include one or more oxygen atoms. Some exemplary 
linear organosilicon compounds include: 

[0031] methylsilane, CH3iSiH3 
[0032] dimethylsilane, (CH3)2iSiH2 
[0033] trimethylsilane, (CH3)3iSiH 

[0034] ethylsilane, CH34CH2iSiH3 

[0035] disilanomethane, SiH34CH2iSiH3 
[0036] bis(methylsilano)methane, CH3iSiH24CH2i 
SiH2iCH3 

[0037] l,2-disilanoethane, SiH3iCH24CH2iSiH3 
[0038] l,2-bis(methylsilano)ethane, CH3iSiH24CH2i 
CH2iSiH2%H3 

[0039] 2,2-disilanopropane, SiH34C(CH3)2iSiH3 
[0040] diethylsilane, (C2H5)2iSiH2 

[0041] propylsilane, C3H7iSiH3 

[0042] vinylmethylsilane, (CH2=CH)iSiH2iCH3 

[0043] l,l,2,2-tetramethyldisilane, (CHQZiSiHiSiHi 
(CH3)2 

[0044] hexamethyldisilane, CH3)3iSiiSii(CH3)3 

[0045] l,l,2,2,3,3-hexamethyltrisilane, (CH3)2iSiHi 

[0046] 1,1,2,3,3-pentamethyltrisilane, (CH3)2iSiHiSi 
H(CH3)iSiHi(CH3)2 

[0047] 1,3 -bis(methylsilano)propane, CH3iSiH2i 
(CH2)3iSiH24CH3 

[0048] l,2-bis(dimethylsilano)ethane, (CHQZiSiHi 
(CH2)2*S1H*(CH3)2 

[0049] l,3-bis(dimethylsilano)propane, (CHQZiSiHi 
(CH2)3*S1H*(CH3)2 

[0050] methyldiethoxysilane (MDEOS), CHSiSiHi 
(O4CH24CH3)2 

[0051] l,3-dimethyldisiloxane, CH3iSiH24OiSiH2i 
CH3 

[0052] l,l,3,3-tetramethyldisiloxane, (CHQZiSiHiOi 
SiHi(CH3)2 

[0053] hexamethyldisiloxane (HMDS), (CH3)3iSiiOi 
Sii(CH3)3 

[0054] l,3-bis(silanomethylene)disiloxane, 
CHziSiHzibA) 

[0055] bis(l-methyldisiloxanyl)methane, (CHSiSiHZi 
OiSiH2i)2%H2 

(sin? 
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[0056] 2,2-bis(1-methyldisiloxanyl)propane, (CH3i 
SiH2iOiSiH2i)2iC(CH3)2 

[0057] dimethyldimethoxysilane (DMDMOS), 
(CH3O)2*Si*(CH3)2 

[0058] dimethoxymethylvinylsilane (DMMVS), 
(CH3O)2iSi(CH3)%H2=CH3 

[0059] phenyldimethoxysilane, C6H5iSiHi(O4CH3)2 
[0060] diphenylmethylsilane, (C6H5)2iSiHiCH3 
[0061] dimethylphenylsilane, (CH3)2iSiH4C6H5. 
[0062] A preferred cyclic organosiloxane is octamethyl 
cyclotetrasiloxane (OMCTS), and a preferred linear orga 
nosilane is trimethylsilane. 

[0063] OxidiZing gases that may be used include oxygen 
(O2), ozone (O3), nitrous oxide (NZO), carbon monoxide 
(CO), carbon dioxide (CO2), Water (H2O), 2,3-butane dione, 
or combinations thereof. When oZone is used as an oxidizing 
gas, an oZone generator converts from 6% to 20%, typically 
about 15%, by Weight of the oxygen in a source gas to oZone, 
With the remainder typically being oxygen. HoWever, the 
oZone concentration may be increased or decreased based 
upon the amount of oZone desired and the type of oZone 
generating equipment used. Disassociation of oxygen or the 
oxygen containing compounds may occur in a microWave 
chamber prior to entering the deposition chamber to reduce 
excessive dissociation of the silicon containing compounds. 

[0064] One or more carrier gases may be introduced into 
the chamber in addition to the one or more organosilicon 
compounds and the one or more oxidiZing gases. Carrier 
gases that may be used include inert gases such as argon, 
helium, and combinations thereof. 

[0065] In one embodiment, one organosilicon compound, 
one oxidiZing gas, and one carrier gas are used to deposit the 
loW dielectric constant ?lm. In other embodiments, a mix 
ture of one or more organosilicon compounds, one or more 

oxidiZing gases, and one or more carrier gases may be used 
to deposit the loW dielectric constant ?lm. 

[0066] Optionally, one or more hydrocarbon compounds 
may be used in depositing the loW dielectric constant ?lm. 
For example, in one embodiment, a loW dielectric constant 
?lm is deposited from a gas mixture comprising a cyclic 
organosilicon compound, one or more aliphatic compounds, 
and one or more oxidiZing gases. The one or more aliphatic 
compounds may include an aliphatic organosilicon com 
pound, an aliphatic hydrocarbon, or a mixture thereof. In one 
embodiment, the gas mixture comprises octamethylcyclotet 
rasiloxane, trimethylsilane, ethylene, and oxygen. Further 
description of the deposition of a loW dielectric constant ?lm 
from such a gas mixture is provided in Us. patent applica 
tion Ser. No. 10/121,284, ?led Apr. 11, 2002, Which is 
commonly assigned and is incorporated by reference herein. 

[0067] In another embodiment, a loW dielectric constant 
?lm is deposited from a gas mixture including one or more 
organosilicon compounds, one or more hydrocarbon com 
pounds having at least one cyclic group, and one or more 
oxidiZing gases. For example, the gas mixture may include 
diethoxymethylsilane, alpha-terpinene, oxygen, and carbon 
dioxide. Following deposition of the loW dielectric constant 
?lm, the ?lm may be cured such as With an electron beam 
treatment to remove pendant organic groups, such as the 
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cyclic groups of the hydrocarbon compounds that have been 
incorporated into the ?lm netWork, to create pores in the loW 
dielectric constant ?lm. Further description of the deposition 
of a loW dielectric constant ?lm deposited from such a gas 
mixture is provided in Us. patent application Ser. No. 
10/302,393, ?led Nov. 22, 2002, Which is commonly 
assigned and is incorporated by reference herein. 

[0068] Hydrocarbon compounds that may be used include 
aliphatic hydrocarbon compounds having betWeen one and 
about 20 adjacent carbon atoms. The hydrocarbon com 
pounds can include adjacent carbon atoms that are bonded 
by any combination of single, double, and triple bonds. For 
example, the hydrocarbon compounds may include alkenes 
and alkylenes having tWo to about 20 carbon atoms, such as 
ethylene, propylene, acetylene, and butadiene. 

[0069] One or more hydrocarbon compounds having a 
cyclic group may also be used. The term “cyclic group” as 
used herein is intended to refer to a ring structure. The ring 
structure may contain as feW as three atoms. The atoms may 

include carbon, silicon, nitrogen, oxygen, ?uorine, and 
combinations thereof, for example. The cyclic group may 
include one or more single bonds, double bonds, triple 
bonds, and any combination thereof. For example, a cyclic 
group may include one or more aromatics, aryls, phenyls, 
cyclohexanes, cyclohexadienes, cycloheptadienes, and com 
binations thereof. The cyclic group may also be bi-cyclic or 
tri-cyclic. Further, the cyclic group is preferably bonded to 
a linear or branched functional group. The linear or branched 

functional group preferably contains an alkyl or vinyl alkyl 
group and has betWeen one and tWenty carbon atoms. The 
linear or branched functional group may also include oxygen 
atoms, such as in a ketone, ether, and ester. Some exemplary 
compounds having at least one cyclic group include alpha 
terpinene (ATP), vinylcyclohexane (V CH), and phenylac 
etate. 

[0070] FIG. 2 is a cross-sectional schematic vieW of a 
chemical vapor deposition (CVD) chamber 210 that is 
suitable for practicing embodiments of the invention. One 
example of such a chamber 210 is a DxZ® chamber used 
With a CENTURA® platform or in a PRODUCER® system 
(With dual chambers), all of Which are available from 
Applied Materials, Inc., of Santa Clara, Calif. 

[0071] The process chamber 210 contains a gas distribu 
tion manifold 211, typically referred to as a “shoWerhead”, 
for dispersing process gases through perforated holes (not 
shoWn) in the manifold 211 to a substrate 216 that rests on 
a substrate support 212. Gas ?oW controllers 219 are typi 
cally used to control and regulate the How rates of different 
process gases into the process chamber 210 through the gas 
distribution manifold 211. Other How control components 
may include a liquid ?oW injection valve and liquid ?oW 
controller (not shoWn) if liquid precursors are used. The 
substrate support 212 is resistively heated and is mounted on 
a support stem 213, so that the substrate support 212 and the 
substrate 216 can be controllably moved by a lift motor 214 
betWeen a loWer loading/off-loading position and an upper 
processing position adjacent to the gas distribution manifold 
211. When the substrate support 212 and the substrate 216 
are in a processing position, they are surrounded by an 
insulator ring 217. 
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[0072] During processing, process gases are uniformly 
distributed radially across the substrate surface. The gases 
are exhausted through a port 224 by a vacuum pump system 
232, With the gas throughput or chamber pressure being 
regulated by a throttle valve 230. A plasma is formed from 
one or more process gases or a gas mixture by applying 

radio-frequency (RF) energy from a RF poWer supply 225 to 
the gas distribution manifold 211, Which acts as an electrode. 
Alternatively or additionally, RF poWer can be provided to 
the substrate support 212. The RF poWer to the chamber may 
be cycled or pulsed to reduce heating of the substrate and 
promote greater porosity in the deposited ?lm. Film depo 
sition takes place When the substrate 216 is exposed to the 
plasma and the reactive gases provided therein. The sub 
strate support 212 and chamber Walls are typically 
grounded. The RF poWer supply 225 can supply either a 
single or mixed-frequency RF signal to the gas distribution 
manifold 211 to enhance the decomposition of any gases 
introduced into the chamber 210. When a single frequency 
RF signal is used, e.g., betWeen about 350 kHZ and about 60 
MHZ, a poWer betWeen about 1 and about 2,000 W can be 
applied to the gas distribution manifold 211. In one aspect, 
the mixed frequency is a loWer frequency of about 350 kHZ 
and a higher frequency of about 13.56 MHZ. In another 
aspect, the loWer frequency may range betWeen about 300 
HZ to about 1,000 kHZ, and the higher frequency may range 
betWeen about 5 MHZ and about 50 MHZ. 

[0073] A system controller 234 controls the functions of 
various components such as the poWer supplies, lift motors, 
?oW controllers for gas injection, vacuum pumps, and other 
associated chamber and/ or processing functions. The system 
controller 234 executes system control softWare stored in a 
memory 238, Which in the preferred embodiment is a hard 
disk drive, and can include analog and digital input/output 
boards, interface boards, and stepper motor controller 
boards. Optical and/or magnetic sensors are generally used 
to move and determine the position of movable mechanical 
assemblies. An example of such a CVD process chamber is 
described in Us. Pat. No. 5,000,113, entitled “Thermal 
CVD/PECVD Reactor and Use for Thermal Chemical Vapor 
Deposition of Silicon Dioxide and In-situ Multi-step Pla 
nariZed Process,” issued to Wang et al. and assigned to 
Applied Materials, Inc., the assignee of the present inven 
tion. The disclosure of this patent is incorporated herein by 
reference. 

[0074] The above CVD system description is mainly for 
illustrative purposes, and other plasma processing chambers 
may also be employed for practicing embodiments of the 
invention. 

[0075] Any of the embodiments described herein, and in 
particular, in embodiments in Which a loW dielectric con 
stant ?lm is deposited from a gas mixture comprising an 
organosilicon compound and a hydrocarbon having at least 
one cyclic group may include the use of an apparatus 
comprising a gas panel con?gured to vaporiZe and mix tWo 
or more liquid precursors, such as an organosilicon com 

pound, e.g., methyldiethoxysilane (MDEOS), and a hydro 
carbon having at least one cyclic group, e.g., alpha-terpinene 
(ATP), and a feedthrough con?gured to heat the mixed, 
vaporiZer precursors as they are delivered through a cham 
ber body of a deposition chamber to a processing region in 
the deposition chamber. 
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[0076] FIG. 3 shoWs a gas panel 310 Which uses a 
vaporiZer 312 for both liquid ?oW control and vaporiZation 
at a single stage. Liquid ?oW rate is controlled by a closed 
loop system betWeen a liquid ?oW monitor 314 and the 
vaporiZer. In the gas panel 310, a liquid reactant 311, such 
as methyldiethoxysilane (MDEOS), alpha-terpinene (ATP), 
trimethylsilane, or the like is delivered from a liquid bulk 
delivery tank 316 to a CVD chamber 318. For example, such 
a CVD chamber 318 is described in commonly oWned 
issued U.S. Pat. No. 5,855,681, the disclosure of Which is 
incorporated by reference herein. The chamber described in 
Us. Pat. No. 5,855,681 is an example of a PRODUCER® 
chamber. 

[0077] The liquid bulk delivery tank 316 has a dip tube 
320 extending into the tank 316 and a source 324 providing 
a pressuriZed gas such as helium to “head” space 326 at the 
top of tank 316, above the liquid reactant 311, for driving the 
liquid from the tank. The liquid ?oW monitor 314 is con 
nected betWeen the liquid bulk delivery tank 316 and liquid 
inlet 330 of the vaporiZer 312. A controlled amount of liquid 
is injected by the vaporiZer 312, Which converts the liquid to 
vapor by expansion and transports the vapor to the CVD 
chamber 318 by means of a carrier gas, such as helium, 
nitrogen, or argon. A control signal from the liquid ?oW 
monitor 314 is fed back via control electronics 332 to the 
liquid ?oW control input of vaporiZer 312. A gas tank 334 
containing the carrier gas is connected to gas inlet 336 of the 
vaporiZer 312 through a mass ?oW controller 338 Which 
regulates the gas flow rate. 

[0078] To facilitate servicing of the gas panel 310 and its 
component valves and other elements, a purge line 339 is 
connected betWeen the gas tank 334 and the liquid ?oW 
monitor 314 to alloW the operator to purge gas panel 310 of 
the reactant liquid 311 and its vapor before servicing. To 
further reduce the amount of reactant in the system, a 
vacuum line 341 is used in conjunction With purge line 339 
to evacuate liquid and vapor from the system. Vacuum line 
341 is coupled to the vacuum system (not shoWn) of the 
CVD process chamber. 

[0079] Remotely controllable (e.g., pneumatic) valves 313 
and manual valves 315 are inserted on each line. These 
valves are opened and closed to enable normal operation and 
purge and evacuation operations. To enhance safety and 
fault-tolerance, each line having a remotely controlled valve 
313 also has a manual valve 315 Which can be closed 
manually if the remotely controlled valve fails. 

[0080] Gas panel 310 also includes component 319. Com 
ponent 319 includes a set of all of the elements Within 
dashed box 321 of FIG. 3. For example, component 319 
includes a liquid bulk delivery tank for another precursor, 
such as alpha-terpinene, and a vaporiZer for vaporiZing the 
liquid from the liquid bulk delivery tank. 

[0081] VaporiZed precursor from the vaporiZer 312 is 
delivered from outlet 360 to line 347 and then to line 324, 
Which delivers the vaporiZed precursor into the CVD cham 
ber 318. VaporiZed precursor from the vaporiZer of compo 
nent 319 is delivered via line 323 to line 324 Which delivers 
the vaporiZed precursor into the CVD chamber 318. While 
FIG. 3 shoWs a heater 325 on each of lines 347, 323, and 
324, one or more of lines 347, 323, and 324 may have a 
heater thereon. An example of a heater that may be used is 
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a Stretch-To-LengthTM (S-T-L) gas line heater available 
from WatloW Electric Manufacturing Company of Colum 
bia, Mo. 

[0082] Further details of the gas panel 310 are provided in 
commonly assigned U.S. Pat. No. 6,224,681, Which is 
incorporated by reference herein. 

[0083] After the mixed vaporized precursors are intro 
duced into CVD chamber 318, the mixed vaporized precur 
sors are delivered to a gas distribution manifold (not shoWn) 
that introduces the mixed vaporized precursors into the 
processing region of the chamber. The mixed vaporized 
precursors are delivered to the gas distribution manifold 
through a heated gas feedthrough. 

[0084] FIG. 4 is a cross sectional vieW shoWing a heated 
gas feedthrough 400. FIG. 4A is an expanded vieW of a 
portion of FIG. 4. The heated gas feedthrough 400 is 
con?gured to heat a ?uid, such as a vaporized precursor, 
passing therethrough. A chamber body 412 de?nes a passage 
414 for receiving the heated gas feedthrough 400 that has an 
inlet 415 to receive precursors from a gas panel and an outlet 
416 to deliver the precursors to the gas distribution mani 
fold. A seal 420, such as a O-ring seal, is located around the 
outlet 416 to provide a sealing connection betWeen the 
heated gas feedthrough 400 and the gas distribution mani 
fold. The passage 414 includes a shoulder 418 disposed on 
the upper end of the passage 414 and includes a seal 430, 
such as an O-ring seal, betWeen the shoulder 418 and the 
chamber body 412. 

[0085] The heated gas feedthrough 400 has a feedthrough 
hole 435 de?ned in Wall 440. A heater jacket 442 surrounds 
the Wall 440. In one embodiment, the heater jacket 442 
comprises heating tape. In another embodiment, the heater 
jacket comprises a cable type heater as shoWn in FIG. 3A of 
Us. Pat. No. 6,527,865 and in FIG. 3A of Us. Pat. No. 
6,056,223. The heated gas feedthroughs shoWn and 
described in commonly oWned U.S. Pat. No. 6,527,865 and 
in commonly oWned U.S. Pat. No. 6,056,223, Which are 
herein incorporated by reference, may be used in embodi 
ments of the invention. 

[0086] Returning to FIGS. 4-4A, a lead Wire 436 extends 
from the loWer end of the heated gas feedthrough 400 and is 
connected to a poWer source to heat the feedthrough. A 
thermocouple 438 is disposed adjacent the Wall 440 to 
monitor the temperature of the heated gas feedthrough 400. 
The lead Wire 436 and the thermocouple 438 are mounted in 
the passage 414 and are secured therein by retaining ring 
444. The temperature of the heated gas feedthrough is 
controlled by a feedback loop (not shoWn) that receives 
input from the thermocouple 438. The heated gas 
feedthrough may be maintained at a set temperature up to 
about 160° C. As the temperature of the heated gas 
feedthrough 400 may be maintained at a constant or sub 
stantially constant temperature, condensation of the vapor 
ized precursors passing therethrough and/or decomposition 
of the vaporized precursors before they are introduced into 
the gas distribution manifold are minimized. 

[0087] Returning to the deposition of the loW dielectric 
constant ?lm, although any of the gas mixtures described 
above may be used, for simplicity, chamber processing 
conditions Will be described With respect to a preferred 
mixture comprising an organosilicon compound, an oxidiz 
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ing gas, and a carrier gas. The organosilicon compound may 
be introduced into the chamber at a How rate of about 5 sccm 
to about 5,000 sccm. The oxidizing gas has a How rate 
betWeen about 5 sccm and about 3,000 sccm. The carrier gas 
has a How rate betWeen about 50 sccm and about 2,500 
sccm. 

[0088] During deposition, the substrate is maintained at a 
temperature betWeen about —20° C. and about 5000 C., 
preferably betWeen about 100° C. and about 450° C. The 
deposition pressure is typically betWeen about 1 Torr and 
about 20 Torr, preferably betWeen about 2.5 Torr and about 
8.7 Torr. An RF poWer of betWeen about 0.1 W/cm2 and 
about 2.8 W/cm2, e.g., betWeen about 100 W and about 
2,000 W for a 300 mm substrate, at a frequency of 13.56 
MHz may be applied in the chamber. An RF poWer of 
betWeen about 0.01 W/cm2 and about 0.3 W/cm2, e.g., 
betWeen about 10 W and about 200 W for a 300 mm 
substrate, at a frequency of 350 kHz may also be applied in 
the chamber. The RF poWer forms a plasma in the chamber 
such that the loW dielectric constant ?lm is deposited by 
plasma enhanced chemical vapor deposition (PECVD). 

[0089] Referring again to FIG. 1, in one embodiment, 
after the loW dielectric constant ?lm is deposited on a 
substrate in the chamber, a total ?oW rate of the one or more 
oxidizing gases into the chamber is increased, as shoWn in 
step 105. For example, a total ?oW rate of the one or more 
oxidizing gases may be increased to a How rate of betWeen 
about 250 sccm and about 1,000 sccm from a How rate of 
betWeen about 25 sccm and about 250 sccm used to deposit 
the loW dielectric constant ?lm on a 300 mm substrate. Also 
after the loW dielectric constant ?lm is deposited, a total ?oW 
rate of the one or more organosilicon compounds is 
decreased, as shoWn in step 107. For example, a total ?oW 
rate of the one or more organosilicon compounds may be 
decreased to a How rate of betWeen about 5 sccm and about 
35 sccm from a How rate of betWeen about 50 sccm and 
about 1,500 sccm used to deposit the loW dielectric constant 
?lm on a 300 mm substrate. The total ?oW rate of the one or 

more organosilicon compounds may be about 30% to about 
300% of the total ?oW rate of the one or more oxidizing 
gases during the deposition of the loW dielectric constant 
?lm, and the total ?oW rate of the one or more organosilicon 
compounds may be betWeen about 5% and about 20% of the 
total ?oW rate of the one or more oxidizing gases during the 
deposition of the oxide rich cap. 

[0090] While the increasing the total ?oW rate of the one 
or more oxidizing gases and the decreasing the total ?oW 
rate of the one or more organosilicon compounds are shoWn 
in FIG. 1 as being performed sequentially, they may be 
performed simultaneously or in either order. Preferably, the 
How rates are adjusted simultaneously. 

[0091] The ?oWs of the one or more oxidizing gases and 
the How of the one or more organosilicon compounds are 
maintained in the chamber for a period of time suf?cient to 
deposit an oxide rich cap, e.g., a 20 A to 2,000 A cap, on the 
loW dielectric constant ?lm. The period of time may be 
betWeen about 1 second and about 60 seconds and is 
preferably about 15 seconds. 

[0092] During the deposition of the oxide rich cap, RF 
poWer may be maintained in the chamber at the same or 
substantially the same poWer level used to deposit the loW 
dielectric constant ?lm. Alternatively, different RF poWer 
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levels may be used to deposit the loW dielectric constant ?lm 
and the oxide rich cap to tune the properties of the loW 
dielectric constant ?lm and the oxide rich cap. 

[0093] In another embodiment, an organosilicon com 
pound, an oxidizing gas, and a carrier gas are ?oWed into a 
chamber. A loW dielectric constant ?lm comprising silicon, 
carbon, and oxygen is deposited on a substrate in the 
chamber in the presence of RF poWer. After the deposition 
of the loW dielectric constant ?lm, the ?oWs of the organo 
silicon compound, oxidiZing gas, and carrier gas into the 
chamber are maintained to deposit an oxide rich cap on the 
loW dielectric constant ?lm in the presence of RF poWer. 
However, the percent volume of the oxidiZing gas in the 
chamber is decreased, and the percent volume of the orga 
nosilicon compound in the chamber is decreased during the 
deposition of the oxide rich cap. The percent volume of the 
carrier gas in the chamber in increased. Preferably, the 
percent volumes of the oxidiZing gas and the organosilicon 
compound are decreased and the percent volume of the 
carrier gas is increased simultaneously or substantially 
simultaneously. As de?ned herein, the percent volume of the 
oxidiZing gas in the chamber is the How rate of the oxidiZing 
gas into the chamber at a given time divided by the total ?oW 
rate of gases into the chamber, i.e., the sum of the organo 
silicon compound, oxidiZing gas, and carrier gas ?oW rates 
into the chamber, at the same given time. The percent 
volume of the organosilicon compound is typically 
decreased by a greater percentage that the percent volume of 
the oxidiZing gas is decreased. 

[0094] The ?oWs of the organosilicon compound, oxidiZ 
ing gas, and carrier gas are adjusted such that an oxide rich 
cap is deposited on the loW dielectric constant ?lm. In one 
embodiment, the How of the oxidiZing gas into the chamber 
is increased, the How of the organosilicon compound into the 
chamber is decreased, and the How of the carrier gas into the 
chamber is increased such that the percent volume of the 
oxidiZing gas in the chamber decreases, the percent volume 
of the organosilicon compound in the chamber decreases, 
and the percent volume of the carrier gas in the chamber 
increases. Increasing the How of the oxidiZing gas into the 
chamber and decreasing the How of the organosilicon com 
pound into the chamber changes the ratio of the percent 
volume of the oxidiZing gas in the chamber to the percent 
volume of the organosilicon compound in the chamber such 
that the percent volume of the oxidiZing gas is increased 
relative to the percent volume of the organosilicon com 
pound. 

[0095] The ?oWs of the one or more oxidiZing gases and 
the How of the one or more organosilicon compounds are 
maintained in the chamber for a period of time suf?cient to 
deposit an oxide rich cap, e.g., a 20 A to 2,000 A cap, on the 
loW dielectric constant ?lm. The period of time may be 
betWeen about 1 second and about 60 seconds and is 
preferably about 15 seconds. 

[0096] During the deposition of the oxide rich cap, RF 
poWer may be maintained in the chamber at the same or 
substantially the same poWer level used to deposit the loW 
dielectric constant ?lm. Alternatively, di?ferent RF poWer 
levels may be used to deposit the loW dielectric constant ?lm 
and the oxide rich cap to tune the properties of the loW 
dielectric constant ?lm and the oxide rich cap. 
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[0097] The folloWing example illustrates an embodiment 
of the present invention. The loW dielectric constant ?lm and 
the oxide rich cap Was deposited using a chemical vapor 
deposition chamber that is part of an integrated processing 
platform. In particular, the ?lms Were deposited using a tWin 
chamber on a 300 mm PRODUCER® SE system, available 

from Applied Materials, Inc. of Santa Clara, Calif. The tWin 
chamber has tWo isolated processing regions (for processing 
tWo substrates, one substrate per processing region) such 
that the How rates experienced in each region are approxi 
mately one half of the How rates into the Whole chamber. 
The How rates described in the examples beloW and through 
out the speci?cation are the How rates per one 300 mm 
substrate. 

EXAMPLE 1 

[0098] A loW dielectric constant ?lm Was deposited on a 
substrate from the folloWing gas mixture at a chamber 
pressure of 5 Torr and substrate temperature of 3500 C.: 

[0099] Octamethylcyclotetrasiloxane (OMCTS), at about 
110 sccm; 

[0100] Oxygen, at about 80 sccm; and 

[0101] Helium, at about 500 sccm. 

[0102] The substrate Was positioned 450 mils from the gas 
distribution manifold, and RF poWer of 0.7 W/cm2 (500 W) 
at a frequency of 13.56 MHZ and RF poWer of 0.2 W/cm2 
(150 W) at a frequency of 350 kHZ Were applied in the 
chamber. A loW dielectric constant ?lm comprising silicon, 
carbon, and oxygen Was deposited on the substrate. The 
dielectric constant of the loW dielectric constant ?lm was 
3.0101 The loW dielectric constant ?lm Was deposited at a 
rate of 7,000 A/minute. 

[0103] The gas ?oW rates Were then adjusted as folloWs to 
deposit an oxide rich cap on the loW dielectric constant ?lm: 

[0104] Octamethylcyclotetrasiloxane (OMCTS), at about 
19 sccm; 

[0105] Oxygen, at about 250 sccm; and 

[0106] Helium, at about 2,400 sccm. 

[0107] The substrate Was positioned 350 mils from the gas 
manifold. The pressure, temperature, and RF poWer Were 
maintained at the same levels used during the deposition of 
the loW dielectric constant ?lm. The oxide rich cap Was 
deposited at a rate of 1,620 A/minute. 

[0108] During the deposition of the oxide rich cap, the 
percent volume of the OMCTS in the chamber Was 1% 
(19/[19+250+2400]), the percent volume of the oxygen in 
the chamber Was 9%, and the percent volume of the helium 
in the chamber Was 90%. The percent volume of the 
OMCTS Was decreased from 16% during the deposition of 
the loW dielectric constant ?lm to 1% during the deposition 
of the oxide rich cap. The percent volume of the oxygen Was 
decreased from 12% during the deposition of the loW 
dielectric constant ?lm to 9% during the deposition of the 
oxide rich cap. The percent volume of the helium Was 
increased from 73% during the deposition of the loW dielec 
tric constant ?lm to 90% during the deposition of the oxide 
rich cap. 
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[0109] While both the percent volume OMCTS and the 
percent volume oxygen decreased from the deposition of the 
loW dielectric constant ?lm to the deposition of the oxide 
rich cap, the percent volume of the OMCTS decreased to a 
greater extent (94%) than the percent volume that the 
oxygen decreased (25%). Thus, the ratio of the percent 
volume oxygen/percent volume OMCTS Was increased 
from 0.75 (l2%/l6%) during the deposition of the loW 
dielectric constant ?lm to 9 (9%/ 1%) during the deposition 
of the oxide rich cap. 

[0110] In another aspect, during the deposition of the loW 
dielectric constant ?lm, OMCTS Was ?oWed into the cham 
ber at 140% of the oxygen ?oW rate (110/80) into the 
chamber during the deposition of the loW dielectric constant 
?lm, and OMCTS Was ?oWed into the chamber at 8% of the 
oxygen ?oW rate (19/250) during the deposition of the oxide 
rich cap. 

[0111] A loW dielectric constant ?lm deposited according 
to Example 1 Without the deposition of an oxide rich cap 
thereon had a refractive index of 1.44, a uniformity of 2.5%, 
a tensile stress of 40 MPa, and a Wetting angle of 900 for a 
subsequently deposited anti-re?ective coating, such as a 
SiON, SiC, or SiCO ?lm. An oxide rich cap deposited on a 
loW dielectric constant ?lm deposited according to Example 
1 had a refractive index of 1.46, a uniformity of 2.0%, a 
compressive stress of —l80 MPa, and a Wetting angle of 420 
for a subsequently deposited anti-re?ective coating. 

[0112] Example 1 illustrates that the oxide rich cap pro 
vides a loWer Wetting angle for a subsequently deposited 
layer than the Wetting angle provided by the loW dielectric 
constant ?lm Without the oxide rich cap. The oxide rich cap 
has a loWer carbon content than the loW dielectric constant 
?lm and thus is more hydrophilic than the loW dielectric 
constant ?lm. It is believed that the more hydrophilic surface 
of the oxide rich cap enhances the application and adhesion 
of an anti-re?ective coating or other layers that are subse 
quently deposited on the oxide rich cap of the loW dielectric 
constant ?lm. It is further believed that the hydrophilic 
surface of the oxide rich cap enhances the application of 
slurries for chemical mechanical polishing (CMP) across the 
loW dielectric constant ?lm and thus promotes a more 
uniform CMP process. 

[0113] The oxide rich cap also functions as a protective 
layer for the underlying loW dielectric constant ?lm. For 
example, the oxide rich cap may protect the underlying loW 
dielectric constant ?lm during subsequent processing steps, 
such as oxygen plasma processes that are often used to 
remove photoresists from substrates that may damage orga 
nosilicate ?lms. 

[0114] Aminimal interface betWeen the oxide rich cap and 
the loW dielectric constant ?lm is a further advantage of the 
method of depositing an oxide rich cap provided herein. The 
oxide rich cap described herein is deposited from the same 
precursors used for depositing the loW dielectric constant 
?lm by adjusting the ratio of the precursors. The oxide rich 
cap is deposited immediately after the deposition of the loW 
dielectric constant ?lm in the same chamber Without termi 
nating the RF poWer used to deposit the loW dielectric 
constant ?lm. The in situ, i.e., in the same chamber, depo 
sition of the oxide rich cap after the deposition of the loW 
dielectric constant ?lm provides an oxygen concentration 
gradient betWeen the oxide rich cap and the loW dielectric 
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constant ?lm such that there is not a sharp interface betWeen 
the oxide rich cap and the loW dielectric constant ?lm that 
could create adhesion problems betWeen the oxide rich cap 
and the loW dielectric constant ?lm. The in situ deposition of 
the oxide rich cap also reduces the number of processing 
steps required to form a cap on the loW dielectric constant 
?lm, as the substrate does not have to be transferred to 
another chamber and prepared for another deposition 
sequence. 

[0115] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

What is claimed is: 
1. A substrate processing system, comprising: 

a gas panel comprising a ?rst precursor source ?uidly 
connected to a ?rst vaporiZer and a second precursor 
source ?uidly connected to a second vaporizer; 

a chemical vapor deposition chamber comprising a heated 
gas feedthrough comprising a Wall de?ning a 
feedthrough hole; and 

a line ?uidly connecting the ?rst vaporiZer and the second 
vaporizer to the chemical vapor deposition chamber, 
Wherein the line is con?gured to heat a ?uid passing 
therethrough. 

2. The substrate processing system of claim 1, Wherein the 
heated gas feedthrough comprises a heating jacket. 

3. The substrate processing system of claim 2, Wherein the 
heating jacket comprises heating tape. 

4. The substrate processing system of claim 2, Wherein the 
heating jacket comprises a cable type heater. 

5. The substrate processing system of claim 1, Wherein the 
heated gas feedthrough comprises a thermocouple adjacent 
the Walls de?ning the feedthrough hole. 

6. The substrate processing system of claim 1, Wherein the 
chemical vapor deposition chamber further comprises a gas 
distribution manifold, and the heated gas feedthrough deliv 
ers precursors to the gas distribution manifold. 

7. The substrate processing system of claim 6, Wherein an 
O-ring seal provides a sealing connection betWeen the 
heated gas feedthrough and the gas distribution manifold. 

8. The substrate processing system of claim 1, Wherein the 
?rst precursor source is a source of an organosilicon com 
pound. 

9. The substrate processing system of claim 1, Wherein the 
second precursor source is a source of a hydrocarbon 
compound. 

10. The substrate processing system of claim 9, Wherein 
the hydrocarbon compound comprises at least one cyclic 
group. 

11. The substrate processing system of claim 9, Wherein 
the ?rst precursor source is a source of an organosilicon 
compound. 

12. A substrate processing system, comprising: 

a gas panel comprising a ?rst precursor source ?uidly 
connected to a ?rst vaporiZer and a second precursor 
source ?uidly connected to a second vaporiZer, Wherein 
the ?rst precursor source is a source of an organosilicon 
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compound, and the second precursor source is a source 
of a hydrocarbon compound comprising at least one 
cyclic group; 

a chemical Vapor deposition chamber comprising a heated 
gas feedthrough comprising a Wall de?ning a 
feedthrough hole; and 

a line ?uidly connecting the ?rst VaporiZer and the second 
Vaporizer to the chemical Vapor deposition chamber, 
Wherein the line is con?gured to heat a ?uid passing 
therethrough. 
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13. The substrate processing system of claim 12, Wherein 
the hydrocarbon compound is alpha-terpinene. 

14. The substrate processing system of claim 12, Wherein 
the organosilicon compound is methyldiethoxysilane. 

15. The substrate processing system of claim 12, Wherein 
the organosilicon compound is trimethylsilane. 

16. The substrate processing system of claim 12, Wherein 
the organosilicon compound is methyldiethoxysilane, and 
the hydrocarbon compound is alpha-terpinene. 

* * * * * 


