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(57) ABSTRACT 
A residual gas analyzer can be used as a deposition rate 
monitor. Adeposition rate monitor is based on the detection 
of growth precursors and reaction byproducts of the thin ?lm 
growth in deposition equipment such as chemical vapor 
deposition (CVD) systems. The groWth precursors and 
byproducts are identi?ed and quanti?ed by using a residual 
gas analyZer (RGA). The ion current from gas species 
associated With the groWth rate is then empirically correlated 
With the thickness of the ?lm. The speci?c chemical species 
detected by the RGA is unique to the material that is 
deposited and to the technique in Which the material is 
deposited. 
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WAFER PRODUCED BY METHOD OF QUALITY 
CONTROL FOR CHEMICAL VAPOR DEPOSITION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to measurements of 
thin ?lms deposited during a chemical vapor deposition. In 
particular, the invention relates to measuring a gaseous 
environment during deposition. The invention is used as a 
quality control monitor during the deposition process. 

[0003] 2. Description of the Related Art 

[0004] The integrated circuit industry uses thin ?lms of 
titanium nitride (TiN) for many applications. One applica 
tion of TiN ?lms is as a diffusion barrier, and glue layer for 
submicron contacts and vias. It prevents the inter-diffusion 
of silicon and aluminum in an aluminum plug process. TiN 
also serves as a glue layer for the tungsten plug process and 
it prevents WF6 from attacking the underlying metal or 
silicon during tungsten deposition. As contact and via Win 
doWs shrink, physical vapor deposition techniques for 
depositing TiN are being replaced by chemical vapor depos 
ited (CVD) TiN to meet step coverage requirements for 
contacts and vias beloW 0.35 pm. 

[0005] The CVD deposited TiN ?lms provide better step 
coverage than sputtered TiN ?lms for via and contacts 
opening beloW 0.5 microns. The CVD TiN process studied 
in this application resulted from the thermal deposition of 
tetrakis (dimethylamido) titanium (TDMAT), optionally fol 
loWed by post deposition plasma treatment. 

[0006] Deposition rate monitoring techniques often are 
performed by reiterative techniques and require test Wafers. 
In typical ?lm deposition processes, one or more test Wafers 
are measured to determine if the process is Within normal 
parameters. In most cases the parameters of interest are 
measured after the ?lm has been deposited on the substrate. 
If the measured parameters are not Within the desired 
tolerances, the process parameters are adjusted and more test 
Wafers are measured to assure process compliance. The 
quali?cation procedure is generally repeated periodically to 
assure stable performance, in some cases on a Weekly or 

daily basis. BetWeen the quali?cation tests, the process tool 
must be assumed to be stable. 

[0007] HoWever, the reiterative technique described above 
has a number of disadvantages. It is time consuming and 
inef?cient compared to real time deposition rate monitoring 
techniques. Reiterative techniques require test Wafers to be 
created instead of product Wafers. Test Wafers cannot be sold 
and therefore displace the revenue stream generated by the 
production of product Wafers. 

[0008] In addition to the doWn time of the deposition 
chamber While the test Wafers are being made, the deposition 
chamber must remain idle While conformance measure 
ments are made on the completed test Wafers. 

[0009] Furthermore, test Wafers alloW the detection of 
errors only once the test Wafers have been made and 
measured. If the test Wafer process is performed only once 
every tWenty-four hours, and the deposition chamber defect 
has occurred tWenty-three hours ago, then approximately 
96% of the production Wafers made that day are defective. 
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[0010] These problems suggest that real time, in situ 
process monitoring should be used instead of the test Wafer 
reiterative monitoring process. With optical in situ monitor 
ing, either the detector itself must be Within the deposition 
chamber or it must have a WindoW. HoWever, When the 
deposition is performed, deposited ?lms also coat other 
things Within the chamber, including the detector or the 
inside surface of the WindoW. This obscures the optical 
measurements. Thus, there is a need for non-optical in situ 
process monitoring. 

[0011] Furthermore, there is a need to monitor the input 
gases of the deposition process to ensure that the mass ?oW 
controller is Working properly. 

SUMMARY OF THE INVENTION 

[0012] The present invention addresses these and other 
problems of the prior art by providing methods for in-situ, 
real-time quality monitoring of chemical vapor deposited 
?lms. 

[0013] According to one embodiment, a method according 
to the present invention correlates resulting gaseous envi 
ronments in a CVD reactor With physical properties of 
deposited ?lms. The method includes the steps of depositing 
a ?lm in the CVD reactor at a selected temperature utiliZing 
a selected input gaseous mixture; measuring a resulting 
gaseous environment in the CVD reactor as a result of the 
depositing step; and measuring a physical property of the 
deposited ?lm. The method further includes the step of 
correlating one or more gas species in the resulting gaseous 
environment, the selected temperature, and the selected 
input gaseous mixture With the physical property to identify 
a relationship therebetWeen. 

[0014] According to another embodiment, a method 
according to the present invention monitors depositions of 
?lms in a CVD reactor. The method includes the steps of 
providing a correlation table betWeen a plurality of tempera 
tures, a plurality of input gaseous mixtures, a plurality of 
physical properties of deposited ?lms, and a plurality of 
resulting gaseous environments; designating a physical 
property of a ?lm to be deposited; and referencing With the 
correlation table a selected one of the plurality of tempera 
tures, a selected one of the plurality of input gaseous 
mixtures, and a range of one or more gas species of the 
plurality of resulting gaseous environments in accordance 
With the designated physical property. The method further 
includes the steps of depositing the ?lm in the CVD reactor 
at the selected temperature utiliZing the selected input gas 
eous mixture; and measuring one or more gas species in a 
resulting gaseous environment in the CVD reactor that 
results from the depositing step. The method still further 
includes the steps of comparing the measured one or more 
gas species in the resulting gaseous environment and the 
range of one or more gas species; and generating a com 
parison result in accordance With the comparing step. The 
comparison result indicates a difference betWeen the desig 
nated physical property and an actual physical property 
resulting from the depositing step. 

[0015] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description and accompanying 
draWings Which set forth illustrative embodiments in Which 
the principles of the invention are utiliZed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram of the equipment used in 
the present invention. 

[0017] FIG. 2 is a ?owchart of a correlation process 
according to an embodiment of the present invention. 

[0018] FIG. 3 is a ?oWchart of a monitoring process 
according to another embodiment of the present invention. 

[0019] FIGS. 4A-4C are plots of ion current versus atomic 
mass resulting from a deposition. 

[0020] FIGS. 5A-5C are plots of various measurements 
versus time resulting from a deposition process. 

[0021] FIGS. 6A-6C are plots of various measurements 
versus time resulting from the deposition process of FIGS. 
5A-5C. 

[0022] FIG. 7 are plots of mass spectra at different elec 
tron energy during TiN deposition. The electron emission is 
0.2 mA and the electron multiplier voltage is equal to 1600 
V in (a), 1800 V in (b), and 2000 V in (c) and 

[0023] FIG. 8 is a plot of optical thickness versus ?oW rate 
resulting from a deposition. 

[0024] FIG. 9 is a plot of ion current versus scan number 
resulting from a deposition. 

[0025] FIG. 10 is a plot of ion current versus ?oW rate 
resulting from a deposition. 

[0026] FIG. 11 is a plot of ion current versus ?oW rate 
resulting from a deposition. 

[0027] FIGS. 12A-12C are plots of ion current versus 
deposition rate resulting from a deposition. 

[0028] FIG. 13 is a plot of deposition rate versus tem 
perature resulting from a deposition. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] RGA Background and OvervieW 

[0030] A residual gas analyZer (RGA) analyZes gases by 
ioniZing some of the gas molecules, separating the ions by 
mass, and measuring the quantity of ions at each mass. In 
general there are many mass sampling techniques available 
such as selected peak scan or analog scan. The selected 
peaks scan only looks at the user-speci?ed peaks and the 
analog scan looks at all peaks Within a prescribed range. 
Looking at the signal detected for each mass identi?es the 
gas molecules. The magnitude of the ion current as mea 
sured by the RGA is used to determine the partial pressure 
of the respective gases. 

[0031] In a chemical vapor deposition, the amounts and 
ratios of various gases in the deposition chamber change 
during the deposition process. This suggests that the RGA 
may be used as a deposition rate monitor. HoWever, an RGA 
must satisfy at least three requirements in order to be used 
as a real-time deposition rate monitor. 

[0032] First, the RGA data should be associated With the 
gaseous environment of the reactor. Each process is unique 
and a speci?c set of peaks must be determined. This require 
ment is complicated by the fact that in many cases the exact 
gaseous species involved in the deposition are not Widely 
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knoWn. The CVD TiN deposition rate monitor used a 
selected peak mode scan. The peaks selected to monitor the 
process Were determined through experiment. It is difficult 
to knoW beforehand Which peaks to monitor. Experiments 
need to be performed and qualitative empirical relationships 
must be determined. 

[0033] Second, the selected peaks should be associated 
With the groWth mechanism. The peaks monitored by the 
RGA must be selected and cause and effect relationships 
must be determined that are meaningful in describing the 
groWth mechanism Within the reactor. 

[0034] Third, the RGA should respond quickly to changes 
Within the groWth reactor. The overall time constant of the 
RGA sampling system should be fast enough to track 
changes in the deposition process. The RGA time constant is 
determined by toggling the inlet valve and studying the 
decay or rise time of the signal. 

[0035] This application details hoW an RGA may be used 
for deposition rate monitor While satisfying the above three 
concerns. Initially, the advantages of the present invention 
and the equipment arrangement are described. Then, the 
application gives an overvieW of a method used to correlate 
RGA data With deposited ?lm properties, and a method to 
use the correlation for deposition process monitoring. 
Finally, the application provides the details involved in 
developing these methods. 

[0036] Using an RGA for deposition monitoring as 
described in this application has a number of advantages 
over process monitoring using test Wafers. 

[0037] The RGA system can be used to improve process 
control by employing real time, in situ monitoring of process 
metrics. In situ measurements are performed to ensure that 
process parameters, such as gas ?oW, pressure, gas ratios, 
and gas purity are Within normal limits. Improving process 
monitoring can reduce manufacturing cost, because semi 
conductor devices are very complex and each process step 
represents a large investment of time and energy. Critical 
Wafer processing steps may be monitored to reduce the risk 
of exposing product to processes that are out of control. 

[0038] In addition, no test Wafers are required and the 
deposition can be monitored on production Wafers on a 
continuous basis. This eliminates the doWn time involved 
With test Wafer production and measurement. All operations 
of the deposition chamber then contribute directly to the 
revenue stream. 

[0039] Another advantage of the RGA process monitoring 
technique is that gas ?oWs and pressures can be monitored 
and compared to a desired set point. For example, the RGA 
can be employed to con?rm that gas ?oW controllers are 
performing properly. Detailed information obtained by the 
RGA can then be used to troubleshoot out of control 
processes. 

[0040] Furthermore, by measuring gases instead of ?lm 
thickness directly, this overcomes the need to have a clear 
vieWing port. 

[0041] Finally, the deposition rate monitoring method can 
be incorporated into a deposition rate control system. Infor 
mation from the RGA deposition rate monitor system can 
improve process control. Parameters that effect groWth rate 
can be adjusted, such as gas ?oWs, pressures and tempera 
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tures. Deposition rate control may be implemented by reduc 
ing the error signal betWeen a desired deposition rate and the 
real time deposition rate determined by the RGA. Deviations 
from normal operation can be identi?ed on a real time basis 
by using the RGA. 

[0042] Equipment Con?guration 
[0043] FIG. 1 is a block diagram of the equipment con 
?guration according to an embodiment of the present inven 
tion, including a deposition chamber 50, an RGA 52, and a 
measurement tool 54. 

[0044] The deposition chamber 50 used Was a TiN CVD 
module TxZ from Applied Materials. The RGA 52 used Was 
a Leybold In?con RGA of closed ion source (CIS) type. The 
RGA 52 Was mounted on the deposition chamber 50. The 
RGA 52 has its oWn pumping package and tWo ori?ces of 
different siZe in the inlet valve for pressure reduction. The 
pressure differential betWeen the process chamber and the 
CIS manifold (Where the quadrupole ?lter is located) is 
approximately 105 to 1 When the smaller ori?ce is used and 
approximately 103 to 1 When the larger one is used. With the 
larger ori?ce (noted as 10 mTorr ori?ce), the C15 is used to 
sample chamber background gases. With the smaller ori?ce 
(noted as 1 Torr ori?ce), it is used to sample the process. For 
this Work, the electron energy Was 10 to 70 eV and the 
electron emission current Was 0.2 to 2.0 mA. For high 
sensitivity, the RGA 52 Was operated in electron multiplier 
mode (as opposed to Faraday mode) and the voltage applied 
to the electron multiplier Was set to a value betWeen 1350 
and 2100 V. The dWell time for each peak Was 16 ms. Each 
scan took 0.469s to complete. 

[0045] TWo types of measurement tools 54 Were used 
depending upon the physical property to be measured. 
Optical measurements of ?lm thickness Were performed on 
either the Tencor UV-1250 or UV-1280. This is an auto 
mated tool Which is a spectral ellipsometer and re?ectometer 
combination. Optical constants of CVD TiN ?lms Were 
modeled using a LorentZ oscillator. Optical parameters Were 
extracted based on ?t of a model to the measured data. Sheet 
resistance measurements of the ?lm Were measured on a 
Tencor Rs-SS, an automated four point probe measurement 
tool. All measurements Were performed Within one hour 
after breaking vacuum. More speci?cally, a ?lm Was depos 
ited on a Wafer 56 in the deposition chamber 50 and the RGA 
52 measured the resulting gaseous environment. Then the 
Wafer 56 Was removed from the deposition chamber 50 for 
measurements performed by the measurement tool 54. 

[0046] In the processes, parameters such as He carrier How 
and heater temperature of the CVD TiN process Were varied, 
and RGA data and optical thickness Were measured. Not all 
of the experiments Were run on the same day. No attempt to 
normaliZe the RGA data Was done for experiments that Were 
performed on different days. 

[0047] Creating the Correlation Table 

[0048] FIG. 2 is a ?oWchart of the general steps of the 
correlation process. The correlation process correlates 
resulting gaseous environments in the deposition chamber 
50 (see FIG. 1) With physical properties, such as thickness 
and sheet resistance, of the deposited ?lms. 

[0049] In step 60, the deposition chamber 50 deposits a 
?lm of TiN at a selected temperature and utiliZing a selected 
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input gaseous mixture. Various temperatures and gaseous 
mixtures Were used in developing the correlation, as further 
detailed beloW. 

[0050] In step 62, the RGA 52 (see FIG. 1) measures a 
resulting gaseous environment in the deposition chamber 50 
as a result of the depositing step 60. 

[0051] In step 64, the measurement tool 54 (see FIG. 1) 
measures a physical property of the deposited ?lm. 

[0052] In step 66, one or more gas species in the resulting 
gaseous environment, the selected temperature, and the 
selected input gaseous mixture are correlated With the mea 
sured physical property to identify a relationship therebe 
tWeen. As further detailed beloW, this process has identi?ed 
a correlation betWeen a number of gas species and physical 
properties of the deposited ?lms. 

[0053] Once the correlation process of FIG. 2 has been 
performed for a variety of temperatures and input gaseous 
mixtures, a correlation table may be developed. 

[0054] Process Monitoring 

[0055] FIG. 3 is a ?oWchart of the general steps of the 
monitoring process that can be performed once the correla 
tion table has been developed. 

[0056] In step 70, the correlation table is provided. This 
correlation table is as developed using the ?oWchart of FIG. 
2. 

[0057] In step 72, a physical property of a ?lm to be 
deposited is designated. This physical property may be a 
?lm thickness value. 

[0058] In step 74, the physical property designated in step 
72 is used to reference in the correlation table a selected 
temperature and a selected input gaseous mixture. This 
referencing also indicates a range of gas species that Would 
be expected to result after a ?lm has been deposited With the 
selected temperature and the selected input gaseous mixture 
With the designated physical property. 

[0059] In step 76, the deposition chamber 50 (see FIG. 1) 
deposits the ?lm at the selected temperature utiliZing the 
selected input gaseous mixture. 

[0060] In step 78, the RGA 52 (see FIG. 1) measures a 
resulting gaseous environment in the deposition chamber 50 
as a result of the depositing step 76. 

[0061] In step 80, the resulting gaseous environment from 
step 78 is compared With the range of gas species from step 
74. 

[0062] In step 82, a comparison result is generated based 
on step 80. The comparison result indicates a difference 
betWeen the designated physical property and an actual 
physical property resulting from the depositing step 76. That 
is, if the resulting gaseous environment is Within the range, 
then the actual physical property is Within tolerable levels of 
the designated physical property. On the other hand, if the 
resulting gaseous environment is outside the range, then the 
actual physical property is outside tolerable levels of the 
designated physical property. In such a case the process 
indicates that the Wafer is outside of speci?cations. 

[0063] In addition, for successive depositions, the com 
parison results of step 82 may be statistically analyZed for 
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statistical process control. For example, if the resulting 
gaseous environments are Within the range, but are steadily 
increasing toWard the upper limit of the range, then this 
indicates that the depositions may soon be out of range. This 
information may then be used to recalibrate the deposition 
chamber or otherWise determine the cause of the increase. 

[0064] Detailed Introduction 

[0065] In general, CVD processes can be characteriZed as 
mass transport limited, reaction rate limited, or some com 
bination of both. The validity and accuracy of the RGA 
sampling technique depends upon Whether the groWth pro 
cess is reaction rate or mass transport limited. The deposi 
tion process should be understood and the importance of the 
gas ?oWs and substrate temperature on groWth rate should 
be quanti?ed. 

[0066] The RGA recipe should be tailored to avoid a 
number of effects. The electron multiplier (EM) voltage 
should be adjusted so that the ion current is linearly pro 
portional to the gas ?oW. The ion current for each mass 
should be less than 10'6 amps, Which is beloW saturation 
region of electron multiplier. The differential pumping sys 
tem should be tailored to the deposition pressure of the 
reactor to avoid overpressure in the RGA. Finally, the 
electron energy should be adjusted to a suf?cient energy to 
ioniZe the gas in a predictable manner; i.e., the cracking 
pattern of gas species depends upon electron energy. 

[0067] In the methods further detailed beloW, the EM 
voltage Was adjusted so that the ion current Was linearly 
proportional to the gas flow and that the ion current did not 
exceed 10-6 amps. The inlet valve aperture Was chosen such 
that the total pressure in the RGA manifold Was less than 
10 Torr under all test conditions. For the CVD TiN process, 
an 1 Torr aperture Was used, and the maximum process 
pressure Was 5 Torr. The cracking pattern of the groWth 
precursors Was characteriZed as a function of electron 
energy. The electron energy Was chosen such that the 
cracking pattern for each groWth precursor Was consistent 
from day to day. For normal monitoring of the CVD TiN 
process, the electron energy Was betWeen 35 to 70 eV. 

[0068] In addition, the location of the RGA sensor is 
important to success. The gas sampling method should 
sample from the deposition transport region and the RGA 
sensor should not introduce sampling artifacts or diffusion 
delay. In some cases, the Walls of the chamber and the RGA 
sampling line may be heated to avoid diffusion delay of the 
groWth precursor. 

[0069] Data interpretation methods and techniques are 
complex. A variety of tests should be performed, such as 
deposition parameter dependencies, metrology gauge stud 
ies, RGA sampling-related effects, and data interpretation 
and analysis. The spectrum obtained Will be a composite of 
the individual substances, Which together make up the actual 
sample present. Each gas species has its oWn cracking 
pattern depending upon the ioniZation process, isotope ratios 
and electron energy effects. Several experiments Were per 
formed to understand the fundamental process and the 
dependence of ?lm properties on deposition parameters. 

[0070] Data analysis and error reduction techniques are 
also important to the success of the RGA as a deposition rate 
monitor. Several error reduction strategies Were used such as 
the folloWing: 1) inert gas markers, 2) electron multiplier 
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normaliZation, and 3) data averaging. Inert gas markers 
provide information about the process sequence and the 
timing of each step in the process. These markers provided 
the roadmap of the RGA data. Each process recipe is unique 
and has several steps. 

[0071] This application sets forth a study of the CVD TiN 
process, in particular the deposition process in Which 
TDMAT is thermally decomposed onto the hot substrate. 
The CVD process is a balance betWeen mass transport of the 
groWth precursor and the reaction rate at the groWing 
surface. Typically, mass transport processes are driven by 
?oW, pressure and reactor design While in the case of 
reaction rate limited processes Wafer temperature dictates 
?lm groWth kinetics. Typically, in loW-pressure CVD reac 
tions, such as the CVD TiN process, the process is designed 
to be reaction rate limited and temperature control is opti 
miZed. 

[0072] Helium carrier gas How and substrate temperature 
Were varied and optical thickness and RGA data Were 
recorded. As expected, deposition rate and deposition uni 
formity are strongly dependent upon both varied parameters 
and that the RGA can be employed to track these variations. 
Both mass transport and reaction rate limited deposition are 
seen, as detailed beloW. Process parameters have been 
mapped and the reaction rate limited regime has been 
identi?ed. Reaction rate limited groWth is recommended 
because it minimiZes the uniformity across the Wafer. 

[0073] The methods described in the present application 
shoW that an RGA deposition rate monitor technique may be 
used in the CVD TiN process. The CVD TiN process 
resulted from the thermal deposition of tetrakis (dimethyla 
mido) titanium (TDMAT) folloWed by post deposition 
plasma treatment. The deposition process Was examined as 
a function of TDMAT How and substrate temperature. In 
particular, an RGA Was employed to study the gaseous 
environment during ?lm groWth. Byproducts of the thermal 
decomposition of TDMAT Were identi?ed. Acorrelation Was 
found betWeen the RGA ion current for selected peaks and 
the thin ?lm deposition rate. The peak intensities at masses 
44, 42, 41, 15, 67, 54, and 106 atomic mass units (amu) are 
associated With the fragmentation of TDMAT by the RGA, 
and the thermal decomposition of TDMAT. Appearance 
energy studies and peak ratio plot calculations indicate that 
acetonitrile, dimethylamine and ethylenimine are byprod 
ucts of the CVD TiN deposition process. Changing the 
TDMAT ?oW rate and the substrate temperature varied the 
deposition rate. RGA peaks associated With the above 
mentioned hydrocarbon gas species increase monotonically 
as a function of the deposition rate. This correlation is 
important because it shoWs that the RGA may be used as a 
real time in-situ monitor of the CVD TiN deposition rate. 

[0074] The ability of the RGA to respond to changes in the 
groWth environment is directly proportional to the scan rate 
of the RGA. The scan rate is determined by three factors: 1) 
total number of peaks, 2) dWell time, and 3) peak lock 
option. The total number of peaks Was reduced in order to 
provide a quick scan time While providing a large amount of 
information about the process. The dWell time Was opti 
miZed to provide a good signal to noise ratio and a quick 
scan time. For example, in a CVD TiN process there are 24 
steps and the minimum step time is 3 seconds. The scan rate 
of the CVD TiN process Was less than 1 second. The peak 
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lock option Was turned off to reduce the overall scan time. 
Tuning calibrations Were checked frequently. 

[0075] The ion current from the inert gas markers provides 
information for the normaliZation of ion current. Normal 
iZation and/or daily calibrations of the electron multiplier 
gain are recommended. The drift of electron multiplier 
should be reduced in order to provide accurate results. RGA 
vendors such as In?con provide automated electron multi 
plier calibration techniques. One strategy for ion current 
normaliZation is to adjust the multiplier gain in order to 
achieve a ?xed ion current. 

[0076] RGA Spectra of CVD TiN Process 

[0077] CVD TiN ?lms are deposited by thermally decom 
posing TDMAT, carried by helium carrier gas, onto a heated 
Wafer surface. Process gases and the byproducts of the 
deposition are monitored by the RGA. The thermal decom 
position is expressed as 

Ti[N(CH3)2]4—>TiN(CXHy)+HN(CH3)2+other hydro 
3. OI'IS 

[0078] The mass spectrum for each gas species is unique, 
because of elemental composition and fragmentation of the 
ioniZed molecules. 

[0079] FIGS. 4A-4C shoWs the mass spectra from 0 to 150 
atomic mass units (amu) of the thermal decomposition of 
TDMAT in the CVD reactor. The electron energy and 
electron emission are 70 eV and 2.0 mA, respectively. The 
electron multiplier voltage Was 1360 V in FIG. 4A and 2200 
V in FIGS. 4B-4C. The electron multiplier voltage Was 
increased to amplify the ion current for masses greater than 
50 atomic mass units (amu). In general, the fragmentation 
pattern is complex and involves many hydrocarbons and 
organometallic compounds. 

[0080] I FIG. 4A, inert gas species such as helium, 
hydrogen and nitrogen are detected. Helium and nitrogen are 
introduced as part of the CVD TiN process While hydrogen 
is as a result of the fragmentation of TDMAT. Mass peaks 
betWeen 39 to 45 amu are believed to result from dimethy 
lamine (NC2H7), ethylenimine (NCZHS), and acetonitrile 
(NC2H3). Peaks in the mass range betWeen 50 to 150 amu 
are difficult to assign unambiguously. 

[0081] In the ?rst several deposition steps, to uniformly 
heat Wafers to the desired temperature, N2 and He gases are 
introduced into the chamber. In the deposition step, He is the 
carrier gas for TDMAT, the precursor of the TiN CVD 
process. The decomposition generates byproduct dimethy 
lamine (NC2H7), ethylenimine (NCZHS), and acetonitrile 
(NC2H3) as Well as H2 and other hydrocarbons. In the 
plasma treatment step folloWing the deposition, H2 and N2 
are introduced into the chamber and once the plasma poWer 
is turned on, ammonia (NH3) is generated. In general, 
approximately 100 A of CVD TiN ?lm are deposited fol 
loWed by a plasma treatment. The overall thickness of the 
?lm may be controlled by repeating the deposition/plasma 
treatment process. 

[0082] The process sequence may be monitored by look 
ing at mass peaks from the inert source gases (N2, He, H2). 
Process monitoring is performed by inspection of mass 
peaks associated With reaction byproducts Whether in the 
deposition step or in the plasma treatment step. The intensity 
of these latter mass peaks could reveal information about the 
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deposition rate in the deposition step and the variation of 
their intensity With time the progress of the plasma treatment 
in the plasma step. Ultimately, this information can be used 
for process diagnostics and statistical process control. 

[0083] FIGS. 5A-5D shoW plots of gas ?oW, chamber 
pressure, and plasma poWer for a tWo layer process, in Which 
?lm material is deposited and then plasma treated. The Zero 
time is de?ned as the time When the Wafer enters the 
chamber. For clarity, only deposition and plasma treatment 
steps are identi?ed on the graph. As shoWn in FIGS. 5A-5D, 
there are tWo deposition-plasma cycles. Each cycle deposits 
100 A of untreated CVD TiN ?lm. The ?lm thickness 
decreases by a factor of about 2 after plasma treatment. The 
chamber pressure is indicated by a manometer and is con 
trolled by setting the throttle valve position and gas ?oWs. 
Initially the pressure goes up to 5 Torr and then decreases to 
betWeen approximately 1.3 to 1.5 Torr during the rest of the 
process as shoWn in FIG. 5A. The Wafer is heated to 450° 
C. during the time When the chamber is pressuriZed to 5 Torr. 
FIG. 5B shoWs the How rates of N2 dilute gas and H2 dilute 
gas. When the process shifts from deposition to plasma 
treatment, the N2 ?oW rate changes from 300 sccm to 200 
sccm. FolloWing the ?rst plasma cycle, the N2 dilute How is 
turned off and is again set to 300 sccm When the second 
deposition cycle starts. The H2 How of 300 sccm is turned on 
only during plasma treatment. 

[0084] When the ?rst deposition cycle starts, the He dilute 
?oW changes from 500 sccm to 275 sccm While the He 
carrier ?oW changes from 0 sccm to 225 sccm, keeping the 
sum of He ?oWs the same, as shoWn in FIG. 5C. FolloWing 
the ?rst is plasma cycle, the He dilute How is increased to 
800 sccm for rapid cooling of the Wafer after it has been 
heated up in the previous plasma step. When the second 
deposition cycle starts, He dilute How is again set to 275 
sccm and the He carrier How is 225 sccm. Radio frequency 
plasma poWer is 750 W, and it is shoWn in FIG. 5D. 

[0085] To use the RGA to monitor the trend in the con 
centrations of major species involved, an RGA data collec 
tion recipe in selected peak mode is created. It includes mass 
peaks that come from source gases, such as peak at mass 28 
amu (NJ), mass 2 amu (HQ) and mass 4 amu (He+). It also 
includes mass peaks that originate from reaction byproducts. 
As mentioned previously, during deposition the gases dim 
ethyl amine, acetonitrile, and ethylenimine are generated as 
byproducts of TDMAT decomposition. These byproducts 
give rise to peaks at masses 45 amu (NC2H7+), 44 amu 
(NC2H6+), 43 amu (NC2H5+), 42 amu (NC2H4+), 41 amu 
(NC2H3+), 40 amu (NC2H2+), 16 amu (CH4+), 15 amu 
(CH3+), and mass 2 amu (Hf). During plasma treatment, 
ammonia is created in the H2/N2 plasma, resulting peaks at 
17 amu (NH3+), 16 amu (NH2+), and 15 amu (NH’'). 

[0086] FIGS. 6A-6C shoWs the signal intensity trend of 
some of the mass peaks just mentioned during a tWo-layer 
deposition. The trend of peaks 28, 2, and 4 shoWn in FIG. 
6A corresponds very Well to the trend of the How rates of N2 
gas, H2 gas, and He gas shoWn in FIGS. 5B-5C, shoWing 
every change in the gas ?oWs. The fact that it takes some 
time for the signals of N2, H2, and He peaks to drop to 
baseline indicates a non-Zero system pump-doWn time. 
Notice that When the deposition is started, the mass 2 peak 
signal increases by one order of magnitude even though 
there is no external H2 gas How in this step. This signal 
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corresponds to the hydrogen byproduct is of TDMAT 
decomposition. Acomparison of FIGS. 6A-6B indicates that 
peaks 44 and 43 decay at a sloWer rate than N2, H2 and He 
peaks. This could be due to sloWer pumping-doWn rates of 
their underlying species because of their larger molecular 
Weights, or to the continuous outgassing of the underlying 
species from chamber Wall, shoWer head, and Wafer surface. 
Mass 15 peak signal is interesting in that folloWing a 
deposition cycle it ?rst decreases and then increases again 
When the H2/N2 plasma is started. This is because the 
ammonia generated in the plasma contributes to mass 15 
peak signal as one of its fragment is NH". In other Words, 
mass 15 peak consists of tWo parts: CH3+from TDMAT 
decomposition and NH+from ammonia. The mass 15 peak 
signal sloWly decreases as the part from TDMAT decom 
position is decreasing. 

[0087] In FIG. 6C, the trends of mass 17 and 16 peaks are 
shoWn. We notice When deposition starts, there are notice 
able increases in the mass 16 peak signal and mass 17 peak 
signal, Which can be attributed to TDMAT decomposition 
byproducts. FolloWing the depositions, the signals of mass 
16 and 17 peaks increase dramatically once the plasma 
poWer is turned on, Which occurs at about 80 and 140 
seconds for the ?rst and second plasma cycles, respectively. 
The occurrence of peaks 17 and 16 is attributed to gas phase 
reaction of H2 and N2 in the plasma to form ammonia. 

[0088] In the subsequent sections, the focus is on pro 
cesses involving depositions only, i.e., Without plasma treat 
ment folloWing depositions. The RGA response to process 
parameters is investigated, such as He carrier ?oW and 
temperature, Which affect the deposition rate. 

[0089] Identi?cation Methods 

[0090] As set forth above, the CVD TiN process used in 
the present application is a thermal decomposition of tetrakis 
dimethylamino titanium (TDMAT), ((CH3)2N)4Ti, folloWed 
by plasma densi?cation. It is important to identify the 
byproducts of this process and their concentration. TWo 
methods for identifying the byproducts of the thermal 
decomposition of TDMAT are studied: the appearance 
energy method and spectrum peak ratio method. 

[0091] Before detailing these methods, it Was ?rst neces 
sary to ?nd out the possible molecules that make up the 
byproducts. To do this, as discussed above With reference to 
FIGS. 4A-4C, We scanned a Wide RGA spectrum range from 
0 to 150 atomic mass units (amu) and revieWed it. Typically, 
the ion current peaks Will distribute as several groups. Each 
group is a set of molecules and its fragments. For each amu 
peak, We identi?ed a possible molecular combination. The 
National Institute of Standards and Technology (NIST) 
maintains a database of amu combinations at the Internet 
Web address <http://Webbook.nist.gov/chemistry/mW 
ser.htm>. For eXample, When We found the mass 45 amu 
peak in the RGA spectrum, this corresponds to 54 different 
molecules in the NIST database. 

[0092] To ?nd the right molecule corresponding to the 
deposition byproduct is not a simple manner. This requires 
our method to identify them. In this case, based on the 
composition of TDMAT as Well as other literatures, We Will 
select methanamine, N-methyl-(or dimethylamine) as one of 
the possible byproducts of TDMAT. The tWo identi?cation 
methods are the appearance energy method and the peak 
ratio plot method. 
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[0093] Appearance Energy 
[0094] The appearance energy method is based on observ 
ing the RGA spectra With different applied electron ioniZa 
tion energies. NIST maintains a database of appearance 
energy data and gas phase ion energetics data. The appear 
ance energy method applies a minimiZed electron energy to 
barely ioniZe the byproduct Without generating other frag 
ments. Since different molecules have different structures, 
the required energy to ioniZe Will be different. Typically, the 
larger the molecular Weight, the loWer the appearance 
energy. 

[0095] The magnitude of the applied electron ioniZation 
energy Was divided into tWo cases: the loW-energy case (less 
than 35 eV) and the high-energy case (above 35 eV). In the 
loW-energy case, the CVD TiN byproducts Were identi?ed 
by the appearance energy. The electron ioniZation energy 
Was varied to determine the minimum energy to ioniZe the 
gas species Without generating other fragments. The gas 
species H2, He, CH4, NH3, N2, dimethylamine, ethylen 
imine, and acetonitrile (and their corresponding fragments) 
Were identi?ed as byproducts in the TDMAT thermal 
decomposition process. 

[0096] Four combinations of electron multiplier voltages 
and electron ioniZation energies Were used to obtain the 
thermal decomposition spectra of TDMAT: 1600 V and 25 
eV, 1800 V and 15 eV, 2000 V and 12 eV, and 2000 V and 
10 eV, see FIG. 7A-D. (The electron multiplier voltage Was 
increased for electron energies beloW 25 eV to improve the 
detector gain.) Data Was revieWed for masses beloW 50 amu, 
because these peaks have the highest ion current. Peaks at 28 
amu and 4 amu are attributed to nitrogen and helium carrier 
gases. 

[0097] In the case of 25 eV electron ioniZation energy 
(FIG. 7A), many peaks Were observed. This spectrum Was 
a combination of the byproducts of the CVD reaction and the 
fragmentation of the gas molecules during the ioniZation 
process. Overall, We can divide these peaks into four amu 
regions. The amu regions are de?ned as the folloWing: 
Group I ranges from 1 to 4 amu, Group II from 14 to 18 amu, 
Group III from 26 to 30 amu, and Group IV from 38 to 45 
amu. He and H2 are in Group I; CH4, NH3 and some 
fragments (e.g., NH4+) are in Group II; N2 and some 
fragments (e.g., C2H4+) are in Group III; and dimethy 
lamine, ethylenimine, and acetonitrile are in Group IV. The 
He peak (at 4 amu in Group I) is barely observed, because 
its appearance energy (24.56 eV) is close to the applied 
electron ioniZation energy. This is a good eXample of the 
appearance energy concept. (Also, to understand the related 
concept of peak ratio detailed beloW, We can inspect those 
peaks in Group IV and observe a ratio relation betWeen these 
peaks.) 
[0098] When the electron ioniZation energy is 15 eV (FIG. 
7B), the peaks in Group I, II and III masses are not observed. 
We ?nd H2 peak (2 amu) in Group I decreases signi?cantly 
because the appearance energy of H2 is 15.42 eV. The ion 
current is reduced in comparison to the spectra at 25 eV for 
16 and 17 amu, because the applied electron ioniZation 
energy is only slightly higher than the appearance energy of 
CH4 (16 amu and 12.6 eV) and NH3 (17 amu and 10.45 eV). 
Also, the peaks in Group III have dropped signi?cantly With 
only 28 amu peak observable, because the appearance 
energy of N2 is 15.65 eV. For electron energies beloW 15 eV, 












