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METHOD AND APPARATUS FOR DETECTING 
THE THICKNESS OF COPPER OXIDE 

5 FIELD OF THE INVENTION 

The present invention relates to a method and 

apparatus for detecting the thickness of copper oxide. More 

specifically; the present invention relates to the use of 

reflectivity or sheet resistance, to determine the thickness 

10 of a copper oxide layer formed on a substrate. 

BACKGROUND 

The drive for faster semiconductor devices has 

caused the semiconductor industry to seek metals which 

15 provide lower resistance (and therefore faster operating 

speeds) than that of conventional aluminum layers. Copper 

is a strong candidate for replacing aluminum, as copper has 

low resistivity (1.7 micro-ohm-cm as compared to the 2.7 

micro-ohm-cm of aluminum) and high resistance to 

20 electromigration. Unfortunately, a major drawback of copper 

is its propensity to readily oxidize when exposed to an 

oxygen rich environment (e.g., water vapor, air, etc.). The 

copper oxide which forms has an extremely high resistance 

(e.g., about 10 ohm-cm) and should be completely removed 

25 from the underlying copper in order to create a metal 

interconnect that fully benefits from the low resistivity of 

pure copper. 

When removing copper oxide it is important to 

ensure that all of the copper oxide is removed to achieve 

additional time and material associated with over-removal 

(i.e., removing a portion of the underlying non oxidized 

copper layer) . 
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Copper oxide thickness may be measured via 

ellipsometry, a method which is undesirable due to the cost 

and complexity of the measurement tool. Thus, there is a 

need for a method and apparatus which accurately measures 

5 the thickness of copper oxide. Preferably such an apparatus 

would operate during the copper oxide removal process, thus 

providing copper oxide thickness data in situ as the copper 

oxide layer diminishes. Moreover, a copper oxide 

measurement tool is needed which can quickly provide 

10 reliable measurements with minimal equipment cost. 

SUMMARY OF THE INVENTION 

The present inventors have discovered two new 

measurement regimes that provide highly accurate copper 

15 oxide thickness measurements using simple, cost effective 

measurement equipment. Specifically, the present inventors 

have discovered a relationship between copper oxide 

thickness a~d-reflectivity, and a relationship between 

copper oxide thickness and sheet resistance. Unlike 

20 ellipsometry techniques, the inventive reflectivity based 

copper oxide thickness measurement does not rely on 

interference between lights of differing wavelengths which 

reflect from the surface·of the copper and the surface of 

the copper oxide. Rather, the present inventors illuminate 

25 a substrate with a light (e.g., of one or more wavelengths), 

and measure the light which reflects therefrom. The 

measurement regime employed by the present inventors 

exhibits a reflectivity (and/or a sheet resistance) 

30 To obtain a reflectivity measurement that varies 

with copper oxide thickness, the present method reflects 

light from the underlying copper layer. To the extent that 

a copper oxide is formed thereon, the copper oxide absorbs 
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the light. The thiqker the copper oxide layer, the greater 

the absorption and the lower the measured reflectivity. 

Similarly, the sheet resistance measurement is that of the 

underlying copper, as measured through the copper oxide 

S layer. The thicker the copper oxide layer, the higher the 

measured sheet resistance. Each measurement technique thus 

provides an extremely simple and highly accurate copper 

oxide thickness measurement. 

Further, the inventors determined that the 

10 relationship between the reflectivity/sheet resistance 

measurements and the copper oxide thickness exist regardless 

of variations in wafer processing {e.g., annealing 

temperature, annealing time, annealing environment, etc.). 

Thus, inventive copper oxide measurement regimes which rely 

15 on these relationships are universally applicable for 

measuring the thickness of any copper oxide, regardless of 

the previously performed processing steps. Moreover, 

conventional tools for measuring reflectivity and sheet 

resistance may be easily modified to perform the invention 

20 by providing the tools with relationship information such as 

a database, or a mathematical function (as explained further 

below) which correlates reflectivity and/or sheet resistance 

to copper oxide thickness. 

Specifically, to obtain this correlated 

25 information, the reflectivity and/or sheet resistance of 

copper oxides of various known thicknesses (e.g., copper 

oxides whose thicknesses have been measured by conventional 

methods such as via use of. an ellipsometry measurement tool) 

30 resistance values were recorded with·· the corresponding 

' thickness value, to provide a database of correlated values. 

It will be understood that as used herein copper oxide 

reflectivity refers to.the reflectivity measurement obtained 
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when light strikes a structure comprising a copper layer 

having a copper oxide formed therein· and reflects therefrom, 

and that copper oxide sheet resistance refers to the sheet 

resistance measurement obtained when the sheet resistance of 

5 an underlying copper layer is measured through a copper 

oxide layer. 

In a f.irst aspect of the invention, a database of 

corresponding values is coupled to a reflectivity or sheet 

resistance measurement tool and a controller (either a 

10 controller which controls the operation of the measurement 

tool or a separate controller) is programmed to receive a 

value measured by the tooi, look the measured value up in 

the database, and send the corresponding copper oxide 

thickness value to an output device (e.g., a display screen, 

15 a printout, a database that records the copper oxide 

thickness value and a wafer identifier, etc.). 

In a second aspect, a mathematical function (e.g., 

a factor, a multiplicand, a divisor, an equation, etc.) 

which correlates reflectivity or sheet resistance to copper 

20 oxide thickness is provided for a reflectivity or sheet 

resistance measurement tool, and a controller (either a 

controller which controls the operation of the measurement 

tool or a separate controller) is programmed to receive a 

measured value, to perform the mathematical function which 

25 correlates the measured value to copper oxide thickness, and 

to send the resultant copper oxide thickness value to an 

output device. 

In a third aspect, an inventive tool configured to 

11e:".15;,t.:>'.Ci:'~ ... r,.e~JP:•.:-:·t-.. i v :.1. v J"'f ~;;;i 1:-:q:pp(~;r, <)')(;.i r.k•. ,,,., ·•::-1 ,b.:?.,s.ed .. t.h~.J'."P....On. ,t.o . 

30 output the copper oxide's thickness, is coupled to a vacuum 

processing chamber configured to perform a copper oxide 

removal process (e.g., reduction, sputter etching, etc.). 

The inventive measurement tool is coupled so as to perform 
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copper oxide reflectivity measurements on a substrate 

located within the tool. This aspect allows the inventive. 

tool to perform valuable process monitoring/process 

characterizing functions, as well as valuable endpoint 

5 detection functions, and allows copper oxide thickness to be 

measured from outside a vacuum processing chamber, without 

breaking the processing tool ' s va"cuum environment. 

Further aspects of the invention measure other 

bulk characteristics of copper through a copper oxide layer, 

10 and may perform in situ copper oxide measurements during 

non-vacuum processes such as during chemical mechanical 

polishing. 

Because of the simplicity of the- measurements 

employed, each aspect of the invention reduces measurement 

15 signal processing time, and equipment cost associated with 

conventional copper oxide thickness measurements. 

Accordingly, a semiconductor processing system which employs 

the inventive-tool will experience greater throughput, and 

reduced cost per wafer unit processed. Moreover, the 

20 invention allows copper oxide thickness measurements to be 

made during value added processing steps (e.g., during 

copper_ oxide removal) and can-be used to provide process 

characterizations which enable selection of processing times 

which avoid or minimize the overetching required when 

25 conventional copper oxide measurements are employed. 

30 

Other objects, features ·and advantages of the 

present invention will become more fully apparent from the 

fol~owing detailed description of the preferred embodiments, 
· ' · · · a ..:i 1 · · .;>-/ r::i • • • • tne ·"'P}':l.e:D. Eiw.·. r: .... "l 1.'.r:S.,. ;:l_T',; '• .t" ,lil<P. ::> rt;;OP'.0'-'il<\T Lf'q., (~ r!'tWl.O?.Ji7 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a schematic side elevational.view of an 

inventive reflectivity based copper oxide measurement tool; 
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FIG. lB is schematic side elevational view of an 

inventive sheet resistance based copper oxide measurement 

tool; 

FIG. 2A is a schematic side elevational view of a 

5 semiconductor wafer processing system having the inventive 

copper oxide measurement tool of FIG. lA coupled thereto; 

FIG. 2B is a flow chart which describes the 

operation of the inventive measurement tool; 

FIG. 3 is a side elevational view of a preferred 

10 semiconductor wafer processing system configured for a 

copper oxide reduction processes; 

lS 

FIG. 4 is a cross-sectional view of a preferred 

semiconductor wafer processing system configured for sputter 

etching copper oxide from an underlying copper layer; and 

FIG. SA is a graph of copper oxide thickness 

versus reflectivity measured at 436 and 480 nanometers; and 

FIG. SB is a graph of copper oxide thickness 

versus sheet resistance. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventive copper oxide thickness measurement 

apparatus, whether a reflectivity or sheet resistance based 

apparatus, may be employed as a stand-alone unit (e.g., for 

measuring copper oxide thickness before or after a copper 

2 s oxide removal process) . 

FIG. lA is a -schematic side elev~tional view of a 

reflectivity based copper oxide measurement tool lla. The 

inventive tool 3la comprises a reflectivity measurement 

30 integrated within the reflectivity measurement component 13 

or maybe external thereto as shown in FIG. lA. The 

processor lS may be a controller specific to the 

reflectivity measurement component 13, may be a controller 
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which controls an overall semiconductor fabrication system 

such as the Centura™ manufactur~d by Applied Materials, 

Inc., or may be part of a larger controller such as a 

manufacturing execution system. The processor 15 is adapted 

5 to determine the thickness of copper oxide based on the 

reflectivity measured by the reflectivity-measurement 

component 13. Specifically the processor 15 may comprise a 

database such as a lookup table containing various 

reflectivities, and the various copper oxide thicknesses 

10 corresponding thereto. 

Table 1-1 below is an exemplary lookup table which 

was created by measuring the thickness of various copper 

oxides with an ellipsometry tool such as KLA Tencor's UV-

1250 SE. Tencor's ellipsometry measurement tool directs 

15 polarized light having a wavelength of 633 nm at a copper 

oxide and analyzes the reflected beam. The copper oxide 

measurement recipe contained within the ellipsometry tool 

measures the amplitude and phase of the reflected light and 

fits the measured amplitude and phase using the refractive 

20 index and the extinction coefficient of copper oxide and the 

thickness of the copper oxide layer as fitting parameters. 

Each data point represents the reflectivity (normalized to a 

silicon wafer) of a different semiconductor wafer having a 

copper layer with a copper oxide formed thereon. To 

25 generate different copper oxide layer thicknesses, wafers 

with a copper layer were annealed at 120°C, 130°C and 140°C 

in air for varying time periods. Note that for a given 

wavelength, all the reflectivity data lies on a single curve 

30. each copper oxide layer) as shown by FIG. SA which is a plot 

of the data table 1-1. 
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TABLE 1-1 

THICKNESS % REFLECTIVITY AT % REFLECTIVITY AT 

(ANGSTROMS} 436 NANOMETERS 480 NANOMETERS 

0 128.5 152.5 

1.7 121 145 

7 113 136 
9 111 134 

25 98 123 
26.5 96 122 

64 72 97 

85 61.5 84 
95 56 79 

124 .44 61 
134 39.5 55 
153 32.5 45.5 
156 31.5 44 
172 25 34.5 
198 17.5 21. 5 
212 15.4 14 

As the data contained in table 1-1 shows, the 

thicker the copper oxide layer, the greater the absorption 

5 of light_ by tl~e copper oxide layer, and the smaller the 

reflectivity thereof. As stated, the data contained in 

table 1-1 was obtained by using a silicon wafer as a 

reference (that is, the reflectivity of the bare silicon 

wafer was taken as 100 percent} . All the reflectivity data 

10 is therefore shown in percent with respect to the 

reflectivity of silicon. 

Alternatively, rather than employing a database or 

lookup table such as that provided above, the processor 15 

may store a mathematical function which relates reflectivity 

15 to copper oxide thickness. For example, the data within 

t.~ble J.-1. may be fit to a curve (curve 501 for 436 nm data 
... ~ .••.. : ··~ .,,. • .;,fA.~ 

and curve 503 for 480 nm data <:•.~ shown in F'IG. SA) , with the 

436 nm data curve having the mathematical function: 
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wherein T is the thickness of the copper oxide layer (in 

angstroms) and RF is the measured reflectivity (in %) . 

Accordingly, for any measured reflectivity value, copper 

5 oxide thickness can be easily computed. 

The reflectivity measurement component 13 may 

comprise any conventionally available reflectivity 

measurement tool. The present inventors have used 

Nanometrics 210 film thickness measurement system (which is 

10 sold under the trade name Nanospec/AFT) at wavelengths of 

436 nm and 480 nm, with a magnification of 40. However, in 

general, reflectivity measurement component 13 contains a 

monochromatic light source 17 (e.g., a laser or a lamp with 

a monochromator) ; a polarizing beam splitter 19, ·and a 

15 collector 21 (e.g., a photo diode). 

In operation the light source 17 outputs a beam of 

light 23. The beam of light 23 passes through the 

polarizing beam splitter 19 where part of the light beam 23 

(not shown) may be reflected away from both the substrate S 

20 and the collector 21. The remainder of the light beam 23 

passes through the polarizing beam splitter 19, travels to 

the substrate S, where a portion (not shown) of the light 

beam 23 is absorbed, and a portion of light beam 23 is 

reflected back toward the polarizing beam splitter_19. If 

25 the substrate has a copper layer S1 , some of the reflected 

light is absorbed by a copper oxide layer S2 (if any) formed 

on the-copper layer S1 • The portion of the light beam 23 

which is not absorbed is reflected from the substrate s to 

30 the polarizing beam splitter 19 to the collector 21, as 

shown. The processor 15 obtains the measured value of light 

collected by the collector 21 as compared to the measured 

value of light collected by the collector 21 for a bare 
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silicon wafer (i.e., ·the measured reflectivity value), and 

determines the thickness of the copper oxide formed on the 

substrate S, either by looking up the reflectivity value in 

a lookup table stored within the processor 15, or by 

5 applying a mathematical function to the reflectivity value 

(as described above) . Thereafter the processor 15 outputs 

(to an output device) the copper oxide thickness which 

corresponds to the measured reflectivity value. The output 

device may comprise any human readable form, such as a 

10 printout, a display screen, etc. , or a machine controller 

which takes the valve and determines therefrom the duration 

or other quantities of the oxide removal step needed to 

optimally remove the oxide with minimal over etching. 

FIG. lB is schematic side elevational view of a 

15 sheet resistance based copper oxide measurement tool llb. 

The inventive tool llb comprises a sheet resistance 

measurement component 25, and a processor 15. The processor 

15 may be integrated with the sheet resistance measurement 

component 25 or maybe external thereto as shown in FIG. lB. 

20 The processor 15 may be a controller specific to the sheet 

resistance measurement component 25, may be a controller 

which controls an overall semiconductor fabrication system 

such as the Centura™ manufactured by Applied Materials, 

Inc., or may be part of a larger controller such as a 

25 manufacturing execution system. The processor 15 is adapted 

to determine the thickness of a copper oxide based on a 

sheet resistance measured by the sheet resistance 

measurement component 25. Specifically, processor 15 may 

30 various resistivities and the various copper oxide 

thicknesses corresponding thereto. 

Table 1-2 below is an exemplary lookup table which 

was created by measuring the thickness of various copper 
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oxides with KLA Tencor's UV 1250 SE ellipsometry measurement 

tool, as described above. As the data contained in table 1-

2 shows, the thicker the copper oxide layer, the greater the 

sheet resistance. This is due to the fact that the initial 

5 thickness of deposited copper was constant for all the 

substrates measured so that as the thickness of the copper 

oxide layer increases, the thickness of the underlying 

copper layer decreases. 

10 TABLE 1-2 

THICKNESS RESISTANCE 
(ANGSTROMS) (OHMS) 

0 0.609 
2.33 0.619 

13.14 0.624 
85.4 0.668 

175.65 0.749 
223.7 0.783 

Alt~rnatively, rather than employing a database or 

lookup table such as that provided above, the processor 15 

may store a mathematical function which relates sheet 

15 resistance to copper oxide thickness. For example, the data 

within table 1-2 may be fit to a curve (FIG. SB) having the 

mathematical function: 

20 

25 

T = 1304.6(R8 ) - 797.7 

wherein T is the thickness of the copper oxide layer and R5 

is the measured sheet resistance. Accordingly, for any 

be easily computed. 

The sheet resistance measurement component 25 may 

comprise any conventionally available sh~et resistance 

measurement tool. The present inventors have used OmniMap 

RS 75, with probe A. In general, however the sheet 

11 PRIVILEGED & CONFIDENTIAL 



. 3254/M:/c-.:- ·EXPRESS MAIL LABEL NO.: ::::?:4: 3359342US 

resista::ice measurement component 25 contains four ::c-linear, 

equall::· s;:.aced (e.g., lmm apart) probes 27a-d cou;:.e=. to a 

curren~ s~urce 29a and to a voltage meter 29b. I~ c;>eration 

the prcbes 27a-d are brought into contact with a s~r=ace of 

5 the sutst=ate S, and a known current (I) generate::. J:::,. the 

curren~ s~urce 29a is passed through the outer·twc ~=obes 

27a, 2~d, while the potential (V) developed across t~~ inner 

two prcbes 27b, 27c is measured by the voltage me-:er 29b is 

measured. The resistance method can be applied tc copper 

10 oxide -:hickness measurements for processes in whic:i -=he 

overal:. amount of copper (e.g., in the copper and =opper 

oxide :.ayers) is kept constant. In other words, t:ie copper 

oxide :..s =educed, or converted, to copper by a che:nical 

reaction ~ithout losing any copper from the surface, as 

15 described in more detail below. 

In these processes, as the copper oxide ~hickness 

on the stlbstrate S decreases, the resistance between the 

inner two probes 27b, 27c also decreases. This occu..=s 

because, as the thickness of the copper layer becc:nes 

20 larger, more and more copper is available for concuc~ing 

electricity. The potential (V) developed between the two 

inner probes 27b, 27c therefore decreases with decreasing 

copper oxide thickness. The processor 15 receives tne 

potential drop measured across the inner two probes and 

25 computes a sheet resistance value via the followi~g 

equation: 

R= (V/I) F 

. wh~l~Fd.,'.~ ;. ·R. ~" Sh~et. Ref3·i. .. ~tance. ,,. 
30 V -= VoJ.t.age bet~ff,.:=.n -t.he inner probes, 27b, 2-7c 

35 

l =··Current. 9-riven·through··the miter p~o!;Jes 
27a, 27d 

F ·= A ·aime.nsionl"ess correction factor· d.e:pe.ndertt 
on probe geometry as is known in t~e art 
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Note that a smaller potential (V) bet~een the inner probes 

27b, 27c results in a smaller resistar-ce value. 

Thereafter the processor 15 determines the 

thickness of the copper oxide formed en the substrate S, 

5 either by looking up the sheet resistance value in a lookup 

table stored within the processor 15, or by applying a 

mathematical function to the sheet resistance value. The 

processor 15 then outputs (to an output device) the copper 

oxide thickness which corresponds to the measured sheet 

10 resistance value. The output device may comprise any human 

readable form, such as a printout, a display screen; etc. 

Both the reflectivity and the sheet resistance 

based copper oxide measurement tools lla and llb of FIGS. lA 

and lB may be advantageously employed after a copper oxide 

15 removal process, to determine whether all of the copper 

oxide has been successfully removed (e.g., if no copper 

oxide is present -the measured reflectivity and sheet 

resistance will be that of pure copper -- about 128.5% at 

436 nanometers and about 0.6 ohms for the data in Table 1-2, 

20 respectively), and/or before a copper oxide removal process. 

When employed before a copper oxide removal process, the 

inventive measurement tools determine the thickness of the 

copper oxide to be removed and, provided the copper oxide 

removal rate of the removal process is known, enable 

25 accurate calculation of the end point for the copper oxide 

removal process (e.g., with a removal rate of 20 A/sec, and. 

a copper oxide thickness of 200 A, the end point of the 

· copper oxide removal process would occur at ten seconds) . 

,.,..h,,. ,...,,.-fl "'c ... ·ivit-v 'h.::!S""....:i r-opp,...r ox·i· d0 m,.,__.,,.l:',,,....,,..,P~t L ........ .J......:;;; .......... "'·~: ":.\.···:"'· ~~ : J~· ~ ...... ~( .\ ~-· : ~ _ ... ·~ . . ~ .s: .. -: .• ;t..~...;;•-;-- .... ~·~·'>~--'"~ .. ... 

3 O. __ tool lla also c~n be employed to .measu:te copper -qx_ide. 

thickness d~ri_ng a copper oxide removal process (i.e. , in 

situ). Accordingly, as described further with reference to 

FIGS. 2A and 2B, the inventive copper oxide measurement_ tool 
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lla can be used to determine a copper oxide removal rate, 

and/or to characterize (e.g.'· identify process conditions 

which effect the copper oxide removal rate, etc.) a copper 

oxide removal process, as well as for in situ end point 

5 detection. 

FIG. 2A is a schematic side elevational view of a 

semiconductor wafer processing system 31, having the 

inventive copper oxide measurement tool lla coupled thereto. 

As used herein "coupled" means coupled directly or 

10 indirectly so as operate. The semiconductor wafer 

processing system 31 comprises a vacuum processing chamber 

33 adapted to perform a copper oxide removal process (e.g., 

a reduction or sputter etching process as described in 

detail with reference to FIGS. 3 and 4, respectively) within 

15 a vacuum environment, and having a window 35 (e.g., a quartz 

window) through which the inventive copper oxide measurement 

tool lla may perform its reflectivity measurements. The 

semiconductor.wafer processing system 31 further comprises a 

controller 37 for controlling the copper oxide removal 

20 process. Although FIG. 2A shows the .controller 37 of the 

vacuum processing chamber 33 separately from the processor 

15 of the inventive copper oxide measurement tool lla, it 

will be understood that the controller 37 and the processor 

15 may be part of the same unit, and either or both may 

25 comprise part of a controller which controls an overall 

semiconductor· fabrication system such as the Centura™ 

manufactured by Applied Materials, Inc. However, in this 

example it will be assumed that the controller 37 controls 

lX)~-: :. !.}"; OP..te.XCJ.i;:i.c·J·1, o;'; i..hE\, ... ~~micon.diJ.o:;;to:!'.' y:;;.fer processing .. 

30 system 31, and the operation of the inventive copper oxid~ 

measurement tool lla. Thus processor 15 merely stores data, 

and looks up the reflectivity values and corresponding 
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copper oxide thicknesses, or applies the mathematical 

function to the reflectivity measurements. 

The inventive copper oxide measurement tool lla is 

positioned so that the light beam 23 (FIG. lA) enters the 

5 vacuum processing chamber 33 via the window 35, strikes the 

substrate S positioned in the processing chamber 33, and 

travels back through the window 35 to the polarizing beam 

splitter 19 and is thereafter reflected to the collector 21 

where, in conjunction with the processor 15, the copper 

10 oxide thickness (if any) is determined as previously 

described with reference to FIG. lA. 

The vacuum processing chamber 33 may be configured 

as described below with reference to FIGS.· 3 or 4, and may 

perform the copper oxide reduction or copper oxide etching 

15 processes, respectively, described with reference to FIGS. 3 

and 4. However, with reference to FIG. 2A, the operation of 

the semiconductor wafer processing system 31 and the copper 

oxide measurement tool lla will be described generally, 

regardless of the specific copper oxide removal process 

20 performed thereby. 

Specifically, in operation, a slit valve 39 

located on the vacuum processing chamber 33, opens and a 

wafer handler (not shown) places a first substrate (having a 

copper oxide formed thereon} on a substrate support 41 

25 located within the vacuum processing chamber 33. Thereafter 

the wafer handler r·etracts ·and the slit valve 3 9 closes, 

sealing the vacuum processing chamber 33. The vacuum 

·processing chamber 33 is pumped to a vacuum pressure, and a 

30 preferred position of the inventive measurement tool lla 

relative to a preferred vacuum processing chamber 33 (shown 

in FIG. 2A) . The operation of the inventive measurement 
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tool lla is now described below with reference to the flow 

chart of FIG. 2B. 

FIG. 2B is a flow chart which describes the 

operation of the inventive measurement tool lla. As 

5 described further below, the operation described with 

reference to FIG. 2B (1) can be performed on each wafer 

pro.ceased; or (2) can be performed once (as a calibration 

step) on a wafer having a known copper oxide thickness so as 

to determine a copper oxide removal rate for a given 

10 chamber. Specifically, in operation, the inventive copper 

oxide measurement tool lla (under the control of the 

controller 37) performs a plurality of copper oxide 

thickness measurements at various times during the copper 

oxide removal process. These measurements may be taken 

15 continuously or periodically, and may begin prior to the 

initiation of the copper oxide removal process, 

simultaneously therewith, or subsequently thereto (block 1) . 

Each of the measured copper oxide thicknesses are provided 

to the controller 37. 

20 As soon as the controller 37 receives the copper 

oxide thickness measurement of zero (upon the reflectivity 

measurement component 15's measurement of a reflectivity 

equal to that of pure copper) (block 2), the controller 37 

either stops the copper oxide remov~l process immediately, 

25 or preferably continues the copper oxide removal process for 

a period of time sufficient to ensure that all copper oxide 

is removed from the surface of the substrate s. That is, 

the controller 37 may allow the copper oxide removal process 

30 copper oxide· thickness measurements to ensure that a 

thickness of zero is consistently measured (block 3). 

. ' !"" .... ,I?,. 

The co~troller 37 preferably records the time at 

which each copper oxide thickness is measured. Thereafter 

16 PRIVILEGED & CONFIDENTIAL 



------------------------------------------------------

3254/MD/DV EXPRESS MAIL LABEL NO.: EK408359342US 

this information may be used to-characterize the copper 

oxide removal process (e.g., to.identify problems which may 

occur within the processing chamber 33) and/or to determine 

the copper oxide removal rate (block 4). After a copper 

5 oxide removal rate is determined for a given copper oxide 

removal process, the removal rate may be stored in the 

controller 37, and employed for determining an end point 

time (i.e., the time at which the final portion of copper 

oxide will be removed from any substrate which received 

10 processing/handling similar to that of the measured 

substrate S). Accordingly, after the copper oxide removal 

rate for the vacuum processing chamber 33 has been 

determined, the inventive copper oxide measurement tool lla 

may be removed from the vacuum processing chamber 33 as the 

15 end points for substrates subsequently processed in the 

vacuum processing chamber 33 can be determined via the 

copper oxide removal rate. Thus, the inventive copper oxide 

measurement tool lla itself is not needed for subsequent end 

point determinations. 

20 Although the in situ measurement process described 

with reference to FIG. 2B is preferred, the inventive copper 

oxide removal tool lla alternatively may be employed to 

perform a preliminary (i.e., prior to the commencement of 

the copper oxide removal process) copper oxide thickness 

25 measurement on a substrate S placed within the vacuum 

processing chamber 33. Thereafter the end point time for 

the substrate S may be calculated based on a previously 

determined copper oxide removal rate and the copper oxide 

30 end point time. After the end point time is reached, the 

inventive copper oxide measurement tool lla may optionally 

perform a subsequent copper oxide thickness measurement to 
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insure that all of the copper oxide has in fact been 

removed. 

As previously noted, the specific copper oxide 

thickness measurement tools and methods are described above 

5 with only general reference to the copper oxide removal 

process itself. The preferred copper oxide removal 

processes and the chambers configured to perform these 

processes will be described in detail with reference to 

FIGS. 3 and 4. 

10 FIG. 3 is a side elevational view of a preferred 

semiconductor wafer processing system 3la {"processing 

system 3la") configured for copper oxide reduction 

processes. The processing system 31a comprises a processing 

chamber 41 operatively coupled to an atomic gas source 43 

15 via an input pipe 45 and to a pump 47 via a foreline 49 and 

a throttle valve 51. A suitable processing system is the 

GIGAFILL™ processing system manufactured by Applied 

Materials, Inc. and described in commonly assigned U.S. 

patent application Serial No. 08/748,883, filed Nov. 13, 

20 1996, which is hereby incorporated by reference herein in 

its entirety. 

The processing chamber 41 comprises an inlet 53 

operatively coupled to the input pipe 45 for receiving 

atomic gas from the atomic gas source 43, and a gas 

25 distribution plate 55 operatively coupled to the inlet 53 

for distributing atomic gas along the surface of a 

semiconductor wafer disposed within the processing chamber 

41. The processing chamber 41 further comprises a wafer 

30 having a heating mechanism (e.g., a ceramic heater 59) 

mounted thereto for supporting and heating a semiconductor 

wafer during processing .. within the processing chamber 41. 

The ceramic heater 59 has a maximum heating temperature of 
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approximately 800°C and preferably comprises a material such 

as aluminum nitride. Other heating mechanisms comprising 

different materials and different temperature maxima may be 

employed. 

The atomic gas source 43 comprises a molecular gas 

source 61 operatively coupled to a remote microwave plasma 

system 63. The molecular gas source 61 preferably comprises 

a source gas such as hydrogen or another gas species capable 

of reducing copper oxide (e.g., ammonia). The source gas 

10 may be diluted with an inert gas such as argon and/or helium 

(as described below) . 

The remote microwave plasma system 63 comprises a 

magnetron head 65 operatively coupled to a·tuner 67, and a 

microwave applicator 69 (e.g., a sapphire applicator) 

15 operatively coupled to the tuner 67, to the input pipe 45 

and to the molecular gas source 61. Specifically, the 

magnetron head 65, the tuner 67 and the microwave applicator 

69 are operatively coupled via a waveguide system 71a-c that 

guides· microwave energy generated by the magnetron head 65 

20 to the microwave applicator 69. 

The magnetron head 65 generates a pulsed or a 

continuous wave microwave output centered at approximately 

2.5 GHZ with a power between about 0-3000 Watts. Any 

conventional magnetron head may be employed as the magnetron 

25 head 65. 

Microwaves generated by the magnetron head 65 are 

output to the waveguide system 71a-c and travel through a 

first waveguide section 71a, a second waveguide section 71b 

30 applicator 69. The tuner 67 is opera.tively coupled to the 

third waveguide section 71c and comprises conventional 

microwave tuning elements (e.g., stub tuners, etc.) that 

allow the remote microwave plasma system 63 to match the 
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c!'l.aracteristic impedar.::e of the third wa·:eg::.ide section 71c 

(e.g., so as to reduce reflection of mic~~wave power back to 

the magnetron head 65) . Microwave power ~hereby is 

efficiently delive_red -=o the microwave at:pl:..cator 69. 

5 In operation, to reduce a coppe:::- cxide layer 

formed on an underlying copper layer of a st:bstrate S such 

as a silicon semicondu~tor wafer, the sui:::st::::-ate S is loaded 

into the processing chamber 41 via a slit valve (not shown}, 

is placed on the wafer support 57, the s:it valve is closed, 

10 and the processing char:'lber 41 is evacuated 1;-ia the pump 47. 

15 

The base pressure of the processing chaml:er 41 is set by 

adjusting the throttle valve 51. A base pressure of about 

0.4 Torr is presently preferred although other chamber 

pressures may be employed. 

During evacuation of the p~ocessing chamber 41, 

power is applied to the ceramic heater SS to raise the 

temperature of the substrate S to the copper oxide reduction 

temperature. Copper oxide reduction preferably is performed 

in the range of about l5-80°C. The ceramic heater 59, 

20 therefore, preferably is heated (or cooled) to about 1s-

1000c. 

After the substrate S has reached the reduction 

·temperature and after the processing chamber 41 has 

stabilized at the desired base pressure, the magnetron head 

25 65 is turned on so as to apply microwave power to the 

microwave applicator 69, and molecular gas is flowed from 

the molecular gas source 61 to the microwave applicator 69. 

The microwave power le~el_applied to the microwave 

apI?1.,:Lcator 69 is the power level r~~gui.r~d to gene:r,cite a 

30 .. suffj,cient .. c.oncent.rat:i,.an of atorrd.c hy¢rogen within the. 

processing chamber 41 to affect copper oxide reduction. The . . . . . . •.. . . 

appropriate power level depends on many :actors (e.g~, the 

concentration of atomic hydrogen (or ano~he! gas species 
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capable of ~educing copper ox~de) within the microwave 

applicator 69, the distance tet~een the microwave app:icator 

69 and the substrate S, the r..aterial encountered by t:ie 

atomic hydrogen as it travels f~om the microwave appl~cator 

. 5 69 to the s~bstrate S, etc.} as described further below. A 

power level of between 800-2,JOJ watts therefore is 

preferred. 

~olecular hydrogen from the molecular gas source 

61 travels into the microwave applicator 69 and is 

10 dissociated into atomic hydrcgen by the microwave ene~gy 

applied to the microwave applicator 69 by the magnetron head 

65. Specifically, a window {now shown) in the microwave 

applicator 69 allows microwaves from the third waveguide 

section 7lc to pass through the outer portion of the 

15 microwave applicator 69 and to 1nteract with molecular 

hydrogen therein. A plasma ignition system (e.g., an ultra­

violet light} may be employed for the initial ionization of 

a hydrogen plasma, and the microwave energy then sustains 

the plasma. Only a small portion of the hydrogen is 

20 ionized, and the plasma may comprise other ionized species 

if a diluting gas is present (such as argon ions if argon is 

employed as a diluting gas). The microwave applicator 69 

thus creates a flow of atomic hydrogen that travels from the 

microwave applicator 69 to the input pipe 45 of the 

25 processing chamber 41. 

.30 

Once the atomic hydrogen reaches the top surf ace 

of the heated substrate S, due to the high chemical 

_potepti~l of atomic hydrogen, the atomic ~ydroge~ rea~ily 

re~cts with. the ~onpe:r. oxide la, .. -:~er (~n0.)_ rm. the. substr.::\te.$ 
. . 

to -form C?pper.and wa~er via the.reaction; ..... ··-. 
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':he copper oxide la::·:r thereby is 11 reduced 11 ::o 

copper which remains on the s~s=rate S and the H20 wh:.ch is 

volatile, leaves the surface c: =he substrate S and is 

exhausted from the processing :hamber 41 via the pump 47. 

As previously descr:.~ed, the present invention 

advantageo~sly allows a copper oxide removal process, such 

as the copper oxide reduction process described with 

reference to FIG. 3 to be mon:.::o=ed and characterized. 

Another popular copper oxide removal process, reactive ion 

10 sputter etching, is described ~i~h reference to FIG. 4. 

FIG. 4 is a cross-se~tional view of a 

semiconductor wafer processinq system 31b comprising a~ 

exemplary pre-clean chamber 73 that may be.used to sputter 

etch copper oxide from an underlying copper layer (such as· 

15 the Pre-Clean II Chamber availab~e from Applied Materials, 

Inc., Santa Clara, California). Generally, the pre-clean 

chamber 73 has a substrate su~port member 75 disposed in a 

chamber enclosure 77 under a ~uartz dome 79. The substrate 

support mew.her 75 typically ir-cludes a central pedestal 

20 plate 81 disposed within a recess 83 on an insulator plate 

85, typically constructed of quartz, ceramic or the. like. 

During processing, the substrate S is placed on the central 

pedestal plate 81 and contained thereon by locating pin 87. 

Preferably, an RF coil 88 is disposed outside of the quartz 

25 dome 79 and connected to an RF power source 89 to strike and 

maintain a plasma of the process gases within the chamber. 

Generally, a RF match network 9i is provided to match the RF 

power source 89 a~d the RF co:..l BB. Typi_cal;Ly, the 

. . . 30 

8''~?trat~ support member 75 is connected to an. RF bias 

$Ource 93 that prov ides a .,P_ias to .... the ~ubstrat.e .~.up.port;: . 

member 75. The RF power source 89 preferably pr6vi.des up to 
. . ~ . . . .. ·.. . . . . . . . . . . . ·. ·.. . 

about SOOW of 2 MHz RF.power ~o the coil 88 and the RF bias 

source 93 preferably provides up·to about SOOW of 13.56 MHz 
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RF bias to the substrate suppor~ ~ember 75. During 

exemplary interconnect formatio::.:, a patterned or etche:i 

substrate S is preferably pre-c:ea~ed using first an a~gc~ 

plasma and then a hydrogen plasna ~n the pre-clean cha~be~ 

5 prior to the deposition of a barrier layer within the 

opening (e.g., a via, a trench, a ~ire, etc.) so as to 

remove any copper oxide formed the~ein. Preferably, t~e 

.substrate S is transferred into the pre-clean chamber after 

a dielectric layer has been planarized and the openings cf 

10 an interconnect feature have been formed. The pattern 

etching of the substrate S may be performed in another 

processing platform or system befo~e the substrate is 

transferred to a processing platform or system having a pre­

clean chamber. Once the substrate S is positioned for 

15 processing in the pre-clean chamber, a processing gas 

comprising predominantly argon, i.e., greater than aboat 50% 

argon by number of atoms, is introduced into the processing 

region at a pressure of preferably about 0.8 mTorr. A 

plasma of the argon gas is struck in the processing region 

20 to subject the substrate S to an argon sputter cleaning 

environment. The argon plasma is preferably generated by 

applying between about 50 W and about SOOW of RF power from 

the RF power source 89 to the RF coil 88 and between about 

SOW and about SOOW of RF bias from the RF bias source 93 to 

25 the substrate support member 75. The argon plasma is 

maintained for between about 10 seconds and about 300 

seconds to provide sufficient cleaning time for the deposits 

on the substrate S that are not readily removed by a 

re~ctive hy.qroge:r,i plasma. ·The argon plasma is most 

30. preferably· .. gene~at.e9- by _appJ..~r.ftig ·a.bout .. ~.o,ow. of RP pqwer. t~ .... . ·. . . . . . . 
the coil 88 and about a 300W RF bias to the substrate 

.·.:. 

support member,. and .. preferably .is maintained for about 60 

seconds. 
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Following the argon plasma, :.:ie chamber pr.essure 

is increased to about 80 mTorr, and a ~~ocessing gas 

consisting essentially of hydrogen a~d :ielium, comprising 

between about 5% and about 100% hydr=ge~ by number of atoms, 

5 is introduced into the processing regic~. Preferably, the 

processing gas comprises about 5% hy:irc·3en and about 95% 

helium. A plasma of the hydrogen/he:i~~ gas is struck in 

the processing region to subject the s~strate S to a 

reactive hydrogen plasma environment. The hydrogen plasma 

10 is generated by applying between about 50W and about SOOW of 

power from the RF power source 89 to t~e RF coil 88 and 

between about SW and about 300W of R? cias from the RF bias 

source 93 to the substrate support mem1::€r 75. The hydrogen 

plasma is maintained for between abo:lt 10 seconds and about 

15 300 seconds to reduce copper oxide to copper and to clean 

the substrate S. The hydrogen plasma is most preferably 

generated. by applying about 450W of RF power to the coil and 

about a lOW RF bias to the substrate s~-pport member 75, and 

preferably is maintained for about 6~ seconds. Once the 

20 pre-cleaning process is complete, the pre-clean chamber 73 

is evacuated to exhaust the processing gas and the reacted 

byproducts from the pre-cleaning process. 

As previously described, the present invention 

advantageously allows a copper oxide removal process, such 

25 as the sputter etching process described with reference to 

FIG. 4 to be monitored and characterized. 

The foregoing description discloses only the 

pref erred embodiments of the invention, modification~ of the 

above di~closed apparatus and _method which fall within the 
. . -,,V·'· 

30. s.cope, ot the i:Qv~nt,ion. :will be ;re~_dily. appa~e!lt: . ~.o · th:ose.:.· qf .: .. 

ordinary skill. in· ~he art". · ·Fo~ insta~ce, alt·h~ugh ~he :> 
copper rert}oval processes specifically desqribed are vacuum . . . 

processes, the present invention may a~so be employed to . 
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provide in situ measurements during non vacuum processes 

such as during chemica: mechanical polishing (CMP) . 

Conventional CMP tools press a substrate against a polishing 

pad, while moving (rotary or linearly) ::he substrate and or 

5 the polishing pad. An abrasive slurry or other liquid is 

supplied to the polish~ng pad to aid in .the removal of 

material from the subs~rate. A window is provided in the 

polishing pad, through which the light source of the present 

invention may illurnina~e the substrate S in order to obtain 

10 the inventive reflectivity measurements. 

The specific reflectivity and sheet resistance 

measurements described herein are merely pr~ferred. Other 

measurements which measure a bulk property of copper through 

a copper oxide layer may be similarly employed. The 

15 specific measurement tools may vary from that described 

herein. Finally, the invention may be employed to measure 

the thickness of an oxide formed on any reflective metal, or 

the thickness of any layer which attenuates a characteristic 

of a layer which lies thereunder provided the attenuation of 

20 the characteristic varies with the thickness of the 

overlying layer. Analogously, resistance measurements can 

be used to monitor changes in the thickness of a poorly­

conducting layer that overlays a metal layer during the 

process of transforming the poorly-conducting layer into the 

25 metal (similar to the reduction of copper oxide to copper) . 

Accordingly, while the present invention has been 

disclosed in connection with the preferred embodiments 

th~reof, it should be understood that other embodiments may 

fall wit;hin the. spirit and sco:pe of the invention,.· as 
. ~~-,. 

•.,; 
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THE INVENTION CLAIME~ IS: 

1. A method of determinir.g the thickness of a 

copper oxide for a s~ructure comprising a copper layer 

s having the copper oxide formed thereon, the metho~ 

comprising: 

meas~ring a reflectivity of the structure to 

obtain a measured reflectivity value; and 

determining a thickness of the copper oxide 

10 based on the measured reflectivity value. 

2. The method of claim 1 wherein determining a 

thickness of the copper oxide based on the measured 

reflectivity value comprises: 

15 providing a plurality of previously measured 

reflectivity values each obtained by measuring a 

reflectivity of a structure having a copper oxide of known 

thickness formed on a copper layer; and 

determining the thickness of the copper oxide 

20 based on the measured reflectivity value and the previously 

measured reflectivity values. 

3. The method of claim 1 wherein determining a 

thickness of the copper oxide based on the measured 

25 reflectivity value comprises: 

30 

providing a relationship between copper oxide 

thickness and a reflectivity value obtained by measuring a 

reflectivity of a structure having a copper oxide of known 

thickness formed on a copper layer; and 

. determining the thickness ot the copper . oxiae ·. . ... . . . . •.· .. .. . . . . . ..... · .. . 

ba~ed on the measured reflectivity value.and the 

relationship. 
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4. A method of ~onitoring a copper ~xide removal 

process, comprising: 

providing a vacuum chamber a~a~~ed to perform 

a copper oxide removal precess; 

coupling, to a window of the chamber, a tool 

adapted to measure a reflectivity of a stru=t~~e having a 

copper oxide formed on a copper layer; 

. performing the copper oxide ~e~oval process 

on a first substrate having a copper layer with a copper 

10 oxide formed thereon, while repeatedly measuri~g the 

15 

reflectivity of the first substrate to obta~n a plurality of 

reflectivity values; and 

determining a removal rate o: the copper 

oxide based on the plurality of reflectivity values. 

5. The method of claim 4 wherein determining a 

removal rate of the copper oxide based on the plurality of 

reflectivity values comprises: 

providing a plurality of pre7iously measured 

20 reflectivity values, the previously measured reflectivity 

values measured on structures having copper oxides of known 

thicknesses on copper layers; and 

for each of the plurality of reflectivity 

values, determining a thickness of the copper oxide based on 

25 the measured reflectivity value and the previously measured 

reflectivity values. 

6. The method of claim 4 wherein performing the 

copper oxide removal processes compri_ses reducing copper 

3 o· .C?Xi4~ . to . _c;:qpper .. ' .. 

7. The method of claim 4 wherein performing the 

copper oxide removal process comprises etchins copper oxide. 
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a. The method of claim 4 wherein determining a 

removal rate of the copper oxide based c~ the plurality of 

reflectivity values comprises: 

providing a relationship between copper oxide 

thickness and reflectivity of a structure having a copper 

oxide formed on a copper layeri and determining a thickness 

of the copper oxide based on a measured reflectivity value 

and the relationship. 

9. The method of claim 4, further comprising: 

determining a length of time for the complete 

removal of the copper oxide from the first substrate; 

placing a second substrate, having a copper· 

15 layer with a copper oxide formed thereon, in a chamber 

adapted to perform the copper oxide removal process; and 

performing the copper oxide removal process 

for a length of time at least as long as the length of time 

for the removal of copper oxide from the first substrate. 

20 

10. An apparatus comprising: 

·a vacuum processing chamber adapted to 

perform a copper oxide removal process; 

a tool adapted to measure the reflectivity of 

25 a substrate having a copper layer with a copper oxide formed 

thereon positioned within the vacuum processing chamber; and 

a controller adapted to determine the 

thickness of a ~oppe! oxi~e formed on the substrate based on 

t.qE:! reflectivity measured by the.tool. 

'.3.0. 

11. The appara~us of claim 10 wherein the· 
. ·. 

controller is adapted to_ determine the thic~ess of the 

copper oxide formed on the substrate by referencing a 
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database of previous:y measured reflectivi~y values measured 

=or structures having copper oxides of kno~-n thicknesses. 

12. The apparatus of claim 10 wr-erein the 

5 controller is adapted to determine the thickness of the 

~opper oxide formed on the substrate based on a previously 

determined relations~ip between copper oxide thickness and 

reflectivity as meas~red for a structure having a known 

copper oxide thickness. 

10 

13. An apparatus comprising: 

a vacuum processing chamber adapted to 

perform a copper oxide removal process; 

a controller adapted to control processing 

15 within the vacuum processing chamber; and 

20 

a program contained within the controller, 

the program adapted ~o cease performance of the copper oxide 

removal process based on a reflectivity value of a structure 

having a copper oxide formed on a copper layer; 

wherein the program is adapted to cease 

performance based on a reflectivity value which is entered 

prior to beginning the copper oxide removal process. 

14. An apparatus comprising: 

25 a tool adapted to measure the reflectivity of 

a structure having a copper oxide formed on a copper layer; 

and 

a controller adapted to determine the 

t:hi.C!knesfl of a copper oxide based on the reflec~i_yity 

30 . measured by_ t_h_e _tool~: .. 

15. T~e appar~tus of claim 14 wherein the 

controller is adapted to determine the thickness of the 
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copper oxide by referencing a database ~f previously 

measured reflecti-.rity values measured c:: structures having 

copper oxides of !cnown thicknesses on copper layers. 

16. The apparatus of claim 1~ wherein the 

controller is adapted to determine the ~hickness of the 

copper oxide formed on the structure based on a previously 

determined relationship between copper oxide thickness and 

reflectivity. 

17. A method for determining the thickness of a 

copper oxide formed on an underlying copper layer, 

comprising: 

measuring a resistance o= the copper layer 

15 through the coppe~ oxide to obtain a measured resistance 

value; and 

20 

determining a thickness of the copper oxide 

based on the measured resistance value. 

18. The method of claim 17 wherein determining a 

thickness of the copper oxide based on the measured 

resistance value comprises: 

providing a plurality of previously measured 

resistance values each obtained by measuring a resistance of 

25 a copper layer through a reference copper oxide of known 

thickness; and 

determining the thickness of the copper oxide 

based on the measured resistance value and the previously 

flle~su"t"eq resist.anc!? values. 

19. The method of claim.17 wherein determining a 
.. · .. · 

t~ickness of the copper oxi~e based o~ th~ measured 

resistance value comprises: 

: .··· 
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providing a relationship tetween copper oxide 

t~ickness and resistance obtained by meas~ri~g a resistance 

o= a copper layer through a reference copper oxide of known 

t~ickness; and 

determining the thickness of ~he copper oxide 

based on the measured resistance value and t~e relationship. 

20. An apparatus comprising: 

a tool adapted to measure =he resistance of a 

10 copper layer having a copper oxide formed thereon; and 

15 

20 

25 

a controller adapted to deter.nine the 

tcickness of a copper oxide based on the ~esistance measured 

by the tool. 

21. The apparatus of claim 20 wherein the 

controller is adapted to determine the thickness of a copper 

oxide by referencing a database of previously measured 

resistance values measured through copper ox.ides of known 

thicknesses. 

22. The apparatus of claim 20 wherein the 

controller is adapted to determine the thickness of a copper 

oxide based on a previously determined relationship between 

copper oxide thickness and resistance. 

23. An apparatus comprising: 

a tool adapted to measure a characteristic of 

a ~opper layer haying a copper oxide formed thereon; and 

a controller adapted to determine the 

.. ,, 30 l.J:.Lic~ess. qt> a. c:opper .o~i.de.; based _o.r~ _th~ c;::Q.~acte.ristic 
. . . 

measured by the tool; 

wherein the tool is adapted to measure the 

c~aracteristic through a copper oxide. 

....... 
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24. The apparatus of =laim 23 wherein the 

controller is adapted to determi~e ~he thickness of a copper 

oxide by refere:icing a database :;f :previously measured 

5 characteristic values measured t::.rc:igh copper oxides of 

known thicknesses. 

25. The apparatus of =laim 23 wherein the 

controller is adapted to determi~e ~he thickness of a copper 

10 oxide formed on the substrate based on a previously 

determined relationship between =opper oxide thickness and 

the characteristic, as measured ~hrough a copper oxide. 

26. A method for dete~ining the thickness of a 

15 copper oxide formed on an underlying copper layer, 

comprising: 

20 

measuring a chara=teristic of the underlying 

copper layer through the copper oxide .to obtain a measured 

characteristic value; and 

determining a thi=kn.€ss of the copper oxide 

based on the measured characteristic value. 

27. The method of claim 26 wherein determining a 

thickness of the copper oxide based on the measured 

25 characteristic value comprises: 

providing a plurality of previously measured 

characteristic values each obtained by measuring a 

characteristic of a copper layer tr-rough a reference copper 

o~i.dr. of. Jc-_T'.\own thickness.; and 

3. o. P.et.c.1.'iriini.1~9 .L:h~ t,hickn~ss of the cop:r?.e.r · o~ide 

based on the meas.ured character·i.stic value and the· 
·.: 

previou~ly measured characteristic values. 
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2:. The method of claim 26 wherein deter.:-.i~~ng a 

thickness ~= the copper oxide based on the measured 

character:stic value comprises: 

providing a relationship between cop;er oxide 

5 thickness a~d a characteristic value obtained by measi.:z-ing a 

character~stic of a copper layer through a reference c~pper 

oxide of k..~cwn thickness; and 

determining the thickness of the cop;er oxide 

based on the measured characteristic value and the 

10 relationship. 

15 

29. The method of claim 1 further comprising: 

chemically mechanically polishing the copper 

oxide while measuring reflectivity. 

30. A method of determining the thickness of an 

oxide for a structure comprising an oxidizable laye~ having 

the oxide formed thereon, the method comprising: 

measuring a property of the structure to 

2 O obtain a measured value; and 

determining a thickness of the oxide based on 

the measured value of the property. 

3i. The method of claim 1 wherein determining a 

25 thickness of the oxide based on the measured value 

comprises: 

providing a plurality of previously measured 

values each obtained by measuring the property of a 

st:::'1C:ti.lre having an. oxide of. known thickness formed t.he:r.eon; 
:·~· -- ·: .. ~ . . .• -

30 and . . . . .~ :· -.. . . . ··.· ·. 

determining the. thickness of "the oxi~e based 

on the measured value of the property and the previ~usly 

measured values. 

3 3 PRIVILEGED & CO!iFIDENTIAL 

I 1111111111111 11111 11111111111 
* C L M s * 



.; 

5 

This Sheet Has Been Replaced 
3254/MD/DV I 111111111111111111111111 

XPRESS MAIL LABEL NC.: EK408359342US 

32. The method of claim 1 whereir. det:ermining a 

thickness of the oxide based on the measured value 

comt=rises: 

providing a relationship betwee~ oxide 

thickness and a value obtained by measuring a property of a 

str~cture having an oxide of known thickness formed on an 

oxicizable layer; and 

determining the thickness of che oxide based 

10 on the measured value and the relationship. 
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