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(57) ABSTRACT 

The present invention discloses a method including: deter 
mining whether a Surface of a dielectric layer is reactive; 
activating the Surface if the Surface is not reactive, perform 
ing a cycle on the Surface, the cycle including: reacting the 
Surface with a metal; and activating the metal. 

The present invention also discloses a structure including: a 
Substrate; a first interlayer dielectric located over the Sub 
Strate; a first adhesion promoter layer located over the first 
interlayer dielectric, an etch Stop layer located over the first 
adhesion promoter layer, a Second adhesion promoter layer 
located over the etch Stop layer; and a Second interlayer 
dielectric located over the Second adhesion promoter layer. 
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ADHESION BETWEEN DELECTRIC MATERIALS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the field of semi 
conductor integrated circuit (IC) manufacturing, and, more 
Specifically, to a method of improving adhesion at an inter 
face between dielectric materials, as well as, a structure 
including an adhesion promoter layer at the interface 
between dielectric materials. 

0003 2. Discussion of Related Art 
0004 Gordon Moore first suggested in 1965 that the pace 
of technology innovation would double the number of 
transistors per unit area on a chip every 18 months. Over the 
ensuing decades, the Semiconductor industry has adhered 
closely to Moore's Law in improving device density. 
0005 Maintaining such an aggressive schedule for each 
device generation has required continual enhancements at 
the corresponding technology node. Additive processes 
using ion implantation, annealing, oxidation, and deposition 
had to be enhanced to deliver the requisite doping profiles 
and film StackS. Subtractive processes using photolithogra 
phy and etch also had to be improved to Shrink the features 
on the chip while maintaining pattern fidelity. 

0006 Improving resolution in photolithography to pro 
duce a smaller critical dimension (CD) for the features 
usually decreased the depth of focus (DOF) that was avail 
able. However, the Smaller DOF could be tolerated if 
variations in topography were minimized acroSS the chip. 
Thus, chemical-mechanical polish (CMP) became an 
enabling technology for both the front-end and the back-end 
of Semiconductor processing. 

0007. The scaling down of transistors and wiring to 
comply with Moore's Law may degrade the performance 
and reliability of the chip if it is not accomplished properly. 
For example, the Switching Speed of the transistors may be 
adversely impacted if the resistance-capacitance (RC) prod 
uct delay in the wiring is too large. Resistance may be 
reduced by using a conductive material with a low resistivity 
while capacitance may be reduced by using a dielectric 
material with a low dielectric constant (k). However, adhe 
Sion at an interface between two dielectric materials may be 
inadequate, resulting in poor yield at assembly and packag 
ing from cracking and delamination. 

0008 Thus, what is needed is a method of improving 
adhesion at an interface between dielectric materials, as well 
as, a structure including an adhesion promoter layer at the 
interface between dielectric materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a flow chart of a method of activating a 
Surface of a dielectric material and reacting the Surface with 
a metal to improve adhesion according to the present inven 
tion. 

0.010 FIGS. 2A-2G are illustrations of a cross-sectional 
View of an embodiment of a method of improving adhesion 
at an interface between dielectric materials according to the 
present invention. 
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0011 FIG. 2G is also an illustration of a cross-sectional 
View of an embodiment of a Structure that includes a very 
thin adhesion promoter layer, Such as a metal oxide, at an 
interface between an interlayer dielectric (ILD) and an etch 
Stop layer or a hard mask according to the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0012. In the following description, numerous details, 
Such as Specific materials, dimensions, and processes, are Set 
forth in order to provide a thorough understanding of the 
present invention. However, one skilled in the art will realize 
that the invention may be practiced without these particular 
details. In other instances, well-known Semiconductor 
equipment and processes have not been described in par 
ticular detail So as to avoid obscuring the present invention. 
0013 The present invention discloses a method of acti 
Vating a Surface of a dielectric material and reacting the 
Surface with a metal to improve adhesion. The present 
invention also discloses a method of improving adhesion at 
an interface between dielectric materials. The present inven 
tion further discloses a Structure that includes a very thin 
adhesion promoter layer, Such as a metal oxide, at an 
interface between an interlayer dielectric (ILD) and an etch 
Stop layer or a hard mask. 
0014) A method 1000 of activating a surface of a dielec 
tric material and reacting the Surface with a metal to improve 
adhesion will be described first, as shown in an embodiment 
of the present invention in FIG.1. A metal-organic chemical 
vapor deposition (MOCVD) process or an atomic layer 
deposition (ALD) process may be used. After forming a first 
dielectric layer, as shown in 100, the method 1000 may 
involve multiple cycles of a reaction Sequence, Such as a 
binary reaction Sequence, to form a very thin layer of an 
adhesion promoter, Such as a metal oxide, over a first 
dielectric layer. 
0015 Depending on whether a surface of the first dielec 
tric layer provided is initially reactive enough, as shown in 
200, a half-reaction B may be needed, as shown in 300. The 
half-reaction B, as shown in 300, involves activating the 
Surface, Such as by forming a hydroxyl bond with Hydrogen 
(H) or water (H2O), to form an activated layer. Then, each 
cycle would include a half-reaction A, as shown in 400, 
followed by a half-reaction B, as shown in 500. The half 
reaction A, as shown in 400, involves reacting the Surface 
with a metal, Such as Titanium, Tantalum, or Aluminum, to 
form a buffer layer. The half-reaction B, as shown in 500, 
involves activating the metal, Such as by forming a hydroxyl 
bond with H or HO, to form another activated layer. 
0016. In an embodiment of the present invention, one 
cycle may form about 1/3-1/2 of a monolayer of the adhe 
Sion promoter, Such as metal oxide. In another embodiment 
of the present invention, one cycle may form the adhesion 
promoter, Such as metal oxide, with a thickness of about 
1.1-1.3 Angstroms. Depending on whether the adhesion 
after each cycle is sufficient, as shown in 600, more cycles 
of the reaction Sequence may be repeated to increase the 
coverage and thickness of the adhesion promoter. 
0017. The very thin layer of the adhesion promoter, such 
as metal oxide, should have appropriate coverage and thick 
neSS to result in Sufficient adhesion. On the one hand, an 
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excessive thickness of unoxidized metal in the very thin 
layer of the adhesion promoter may increase leakage current. 
On the other hand, an excessive thickness of oxidized metal 
in the very thin layer of the adhesion promoter may increase 
dielectric constant and capacitance. 
0.018 Consequently, multiple cycles, alternating between 
the half-reaction A, as shown in 400, and the half-reaction B, 
as shown in 500, may be performed to achieve the appro 
priate coverage and thickness for the adhesion promoter, 
Such as metal oxide. In an embodiment of the present 
invention, a total of about 3-15 cycles may be performed. In 
another embodiment of the present invention, a total of 
about 5-10 cycles may be performed. 
0019. In an embodiment of the present invention, about 
20-100% of the first dielectric layer may be covered by the 
very thin layer of the adhesion promoter. In another embodi 
ment of the present invention, the first dielectric layer may 
be covered by about one monolayer (saturated) of the very 
thin layer of the adhesion promoter. In still another embodi 
ment of the present invention, the coverage of the very thin 
layer of the adhesion promoter over the first dielectric layer 
may be about 1-5x10" atoms/cm’. 
0020. In an embodiment of the present invention, the 
very thin layer of the adhesion promoter may have a 
thickness of about 1-3 atoms. In another embodiment of the 
present invention, the very thin layer of the adhesion pro 
moter may have a thickness of about 3-9 Angstroms. In still 
another embodiment of the present invention, the very thin 
layer of the adhesion promoter may have a thickness of 
about 4-20 Angstroms. 
0021. After the appropriate number of cycles has been 
performed, a Second dielectric material is formed over the 
very thin layer of the adhesion promoter, as shown in 700. 
0022. A method of improving adhesion at an interface 
between dielectric materials will be described next. As 
shown in an embodiment of the present invention in FIG. 
2A, a layer may include a conductor 50 which is embedded 
or inlaid in the ILD 100 that is located over a wafer 90. The 
layer may be part of a Stack of layers which forms an 
interconnect System to route signals, power, and ground to 
and from a device, Such as a transistor, formed in the wafer 
90. 

0023 The wafer 90 may include regions of a semicon 
ductor material, Such as Silicon, or an amorphous material, 
Such as polysilicon, which may be isolated laterally and 
vertically with a dielectric material, such as Silicon Oxide or 
Silicon Nitride. The regions of the wafer 90 may include 
topography and patterned features. Certain portions of the 
topography and patterned features may be doped with other 
materials, Such as Boron, Arsenic, Phosphorus, Fluorine, 
Carbon, Silicon, Oxygen, or Argon. 
0024. An equivalent dielectric constant, or k, may be 
defined for the Stack of the interconnect System. Each layer 
in the Stack may include dielectric material, Such as the etch 
stop layer 200, the ILD 300, and the hard mask 420, as 
shown in an embodiment of the present invention in FIG. 
2C. The kit for the Stack of the interconnect System depends 
on the k values of all the dielectric materials in the Stack, 
weighted by the size (lateral extent) and the thickness 
(vertical extent) of each dielectric material. The ILD 100 
may have a thickneSS Selected from a range of about 0.1-2.0 
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microns (um). The ILD 100 may be thicker in a layer that is 
located higher up in the Stack of the interconnect System. 
Likewise, the conductor 50 may be thicker, wider, and 
longer in a layer that is located higher up in the Stack of the 
interconnect System. 

0025 In general, the kit value for the stack of the 
interconnect System should be minimized. Otherwise, exces 
Sive intralayer and interlayer capacitance may contribute to 
cross-talk and increase resistance-capacitance (RC) product 
delay of the interconnect System. Such an increase in the RC 
product delay will degrade Switching Speed of the device in 
the wafer 90 that is connected to the conductor 50 in the ILD 
100. 

0026. The kit value should be further reduced as the 
minimum permitted Spacing between adjacent conductors 
50 within the same layer is decreased. Most road maps of 
Semiconductor technology project that the critical dimension 
(CD) of the minimum feature of a device will shrink by 
about 30% for each technology node. 

0027 Some typical values of k will be described next 
for illustrative purposes. For a device design rule of about 
180 nanometers (nm), the kit value should be about 4.0 or 
lower. For a device design rule of about 130 nm, the ke 
value should be about 3.5 or lower. For a device design rule 
of about 90 nm, the k value should be about 3.0 or lower. 
For a device design rule of about 65 nm, the kit value should 
be about 2.5 or lower. For a device design rule of about 
45-mm, the kit value should be about 2.0 or lower. 
0028. The ILD 100 may be formed in various ways. In 
one embodiment of the present invention, the ILD 100 may 
be formed by applying, or coating, a spin-on dielectric 
(SOD). In another embodiment of the present invention, the 
ILD 100 may be formed by plasma-enhanced chemical 
vapor deposition (PECVD). Typical conditions for PECVD 
of the ILD 100 may include a power of about 300-3,500 
Watts (W), a pressure of about 100-1,000 Pascals (Pa), a 
temperature of about 300-425 degrees Centigrade, and a gas 
flow rate of about 50-1,000 standard cubic feet per minute 
(Scfm). 
0029. A material is considered to have a low k value if its 
k value is lower than the k value of undoped Silicon Oxide 
(SiO2) which is about 4.0. The k value may be reduced by 
decreasing the polarizability of the bonds in the SiO, 
network. For example, Carbon-Carbon double bonds and 
Carbon-Carbon triple bonds have higher electronic polariz 
ability because of the increased mobility of the p electrons. 
On the other hand, Carbon-Carbon single bonds and Car 
bon-Fluorine single bonds have lower electronic polarizabil 
ity. Thus, Fluorine may be added to SiO, to form a 
Fluorinated Silicate Glass (FSG or SiOF) with a k value of 
about 3.5. Alternatively, Carbon may be added to SiO2 to 
form an Organosilicate Glass (OSG) or a Carbon-doped 
Oxide (CDO or SiOC) with a k value of about 2.0-3.0. 
However, Single bonds also have lower bond strength So 
thermal stability may be lower. 
0030 The k value may be reduced by lowering the 
density of the SiO network. In an embodiment of the 
present invention, lighter atoms may be Substituted into 
SiO, Such as by replacing Some of the Silicon atoms with 
lighter Carbon atoms to form CDO. Some of the Oxygen 
atoms may also be replaced with lighter Hydrogen atoms. In 
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one embodiment of the present invention, CDO may include 
about 5-20 percent by atom of Carbon. 
0031. The k value may be reduced by disrupting the 
structure of the SiO2 network. In an embodiment of the 
present invention, Some non-polar and Space-occupying 
groups, Such as methyl, ethyl, and phenyl groups, may be 
incorporated into the SiO film. The CDO may be formed by 
PECVD with a precursor, such as trimethylsilane, tetram 
ethylsilane, or tetramethylcyclotetrasiloxane. A precursor 
having more methyl groups may incorporate more Carbon 
into the film, but Such a precursor is also more difficult to 
dissociate So the deposition rate may be lower. 
0.032 The k value may be reduced by increasing free 
volume in the SiO network. The free volume may be 
increased by forming pores. The pores may have a diameter 
that is selected from a range of about 50-200 Angstroms. 
Smaller pores may reduce the potential for cracking and 
delamination under StreSS, Such as during assembly and 
packaging. 

0033. In one embodiment of the present invention, a 
porous ILD 100 may be formed by coating of a SOD that 
includes a thermally degradable material, or porogen, within 
a host thermosetting matrix. Subsequent heating to a tem 
perature below the glass transition temperature, T., of the 
host matrix will result in croSS-linking of the matrix and 
phase-separation of the porogen from the matrix, followed 
by decomposition of the porogen, and diffusion of Volatile 
byproducts out of the matrix to form pores. 
0034. In another embodiment of the present invention, 
the porous ILD 100 may be formed by coating of a SOD that 
includes a thermally decomposable pendant group 
covalently attached to a thermosetting polymer backbone 
having a high T. 
0035) In still another embodiment of the present inven 
tion, the porous ILD 100 may be formed by PECVD of a 
material that includes labile organic groups, followed by 
chemical or thermal oxidation of the organic Side-chains to 
form pores. 

0036) A material is considered to have a pore fraction by 
Volume, or porosity, of Zero if it has no pores. In one 
embodiment of the present invention, the porosity of the ILD 
100 may be selected from a range of about 0.02-0.75. A 
lower porosity will usually result in greater retention of the 
mechanical Strength and the thermal conductivity of the bulk 
material. 

0037. In an embodiment of the present invention, pores 
may transition from Small, closed pores to larger, intercon 
nected pores at a porosity of about 0.20-0.30. Interconnected 
pores may become open pores at a Surface if enough of the 
bulk material is removed. Open pores are usually leSS 
desirable due to higher Susceptibility to absorption and 
diffusion of process chemicals. 
0038. The k value of the porous ILD 100 will depend 
upon both the k value of the bulk material forming the ILD 
100 and the k value of the material filling the pores, as 
weighted by the porosity of the ILD 100. The pores may be 
filled with air, which has a k value of 1.0, or another gas. In 
one embodiment of the present invention, the ILD 100, with 
pores filled with air, may have a k value of about 2.5 or 
lower. 
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0039. A lower adhesion promoter layer 156 may be 
formed, as needed, to improve adhesion between the under 
lying ILD 100 and the etch stop layer 200, as shown in an 
embodiment of the present invention in FIG. 2B. A self 
limiting or Self-terminating Surface reaction may be used to 
provide atomic-layer control of the thickness of the lower 
adhesion promoter layer 156. 
0040. In an embodiment of the present invention, the 
lower adhesion promoter layer 156 may be formed from 
multiple precursors with a MOCVD process that exposes a 
substrate, such as the ILD 100, to two or more precursors at 
a time in the gas phase. The thickness formed depends on the 
deposition rate and the deposition time. 

0041. In another embodiment of the present invention, 
the lower adhesion promoter layer 156 may be formed from 
multiple precursors with an ALD process that exposes the 
substrate, such as the ILD 100, to one precursor at a time in 
the gas phase, Separated by purges. The thickneSS formed 
depends on the thickneSS per exposure and the number of 
exposures. If the reaction Sequence is binary, each exposure 
to a precursor will involve a half-reaction. 
0042 An embodiment of the present invention may 
involve a binary reaction Sequence, in which case ALD 
exposes the Substrate, first, to one precursor, and then, to the 
other precursor, with a purge in between. 
0043. In an embodiment of the present invention, the 
Surface of the Substrate is not reactive enough and cannot 
react directly, Such as with a metal compound precursor. AS 
a result, the Substrate must first be activated, as needed, by 
exposure to a pulse of a non-metal compound precursor that 
is a reactive gas, Such as Hydrogen (H) or water (HO), to 
form a lower activated layer 106 with a reaction, such as: 

2 substrate--H (gas)->2 substrate-H 
O 

2 substrate--HO (gas)->substrate-OH--substrate-H 

0044) Formation of the lower activated layer 106 may 
include conversion of an Si-O bond (in SiO or CDO) or an 
Si-C bond (in CDO) at the surface of the ILD 100 to an 
Si-OH bond or an Si-H bond. During activation of the 
Surface of the ILD 100, oxidation of the conductor 50 or the 
ILD 100 should be minimized so the k value of the stack 
of the interconnect will not be increased. In an embodiment 
of the present invention, a plasma or a thermal treatment 
may be used to assist in the activation of the Substrate. 
0045 Next, any residual non-metal compound precursor 
is removed by purging. Purging may involve pumping away 
a precursor that is reactive. Alternatively, purging may 
involve pumping in a non-reactive gas to flush and replace 
the reactive precursor. 
0046) Then, the lower activated layer 106 is treated by 
exposure to a pulse of the metal compound precursor, MX, 
to form a lower buffer layer 150 with a reaction, that may be 
called a half-reaction A, Such as: 

substrate-H+MX(gas)->substrate-MX+HX(gas) 
O 

substrate-OH--MX(gas)->substrate-OMX+HX 
(gas) 

0047. In another embodiment of the present invention, 
the Surface of the Substrate is reactive enough and can react 
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directly with the metal compound precursor. Such a Sub 
Strate does not require activation and may be treated directly 
by exposure to a pulse of a metal compound precursor, MX, 
to form the lower buffer layer 150 with another reaction, that 
may be called an alternative half-reaction A, Such as: 

2 substrate--MX (gas)-substrate-MX+sub 
strate-X 

0048. The metal compound precursor, MX, typically has 
a Stoichiometry where n is 2-4. The M- may include a metal, 
such as Titanium (Ti), Tantalum (Ta), or Aluminum (Al). In 
one embodiment of the present invention, the functional 
group, -X, may include a halogen, Such as Chlorine. In 
another embodiment of the present invention, the functional 
group, -X, may include an organic ligand or a hydrocarbon 
moiety, Such as a Methyl group. 
0049. The metal compound precursor should be a liquid 
with a high vapor pressure So that the process temperature 
will not exceed the pyrolysis, or decomposition, temperature 
of the metal compound precursor. In one embodiment of the 
present invention, the metal compound precursor is trim 
ethylaluminum, (Al(CH)). Then, the Surface functionality 
will alternate between a methylated Surface and a hydroxy 
lated surface for the two half-reactions of the binary reaction 
Sequence. 

0050. The reaction conditions are chosen such that the 
reaction to form the lower buffer layer 150, called half 
reaction A, is completed at the Surface of the Substrate. The 
functional group, -X, is attached to the Surface of the 
Substrate (to passivate the Surface of the Substrate) to prevent 
any further reaction with the metal compound precursor in 
the gas phase. Typical process parameters for providing a 
Self-limiting or Self-terminating reaction may include a 
pressure of about 10-10 Torr, a temperature of about 
200-550 degrees Centigrade, and a pulse duration of about 
0.5-25 seconds. 

0051 Next, any residual metal compound precursor is 
removed by purging. 
0.052 Then, the functional group, -X, is removed from 
the surface of the substrate (to reactivate the surface of the 
Substrate) by exposure to a non-metal compound precursor 
that is a reactive gas, Such as Hydrogen (H) or water (HO), 
with a reaction, that may be called a half-reaction B, Such as: 

substrate-M-X +H (gas)->substrate-M-H+HX 
1 (gas) 
O 

substrate-M-X+HO 
HX 1 (gas) 

0053. In an embodiment of the present invention, a 
plasma or thermal treatment may be used to assist in removal 
of the functional group, -X, from the Surface of the Substrate 
and reactivation of the Surface of the Substrate. 

0054. In another embodiment of the present invention, 
the non-metal compound precursor may include Oxygen 
(O), Hydrogen Peroxide (HO), or Ammonia (NH). 

(gas)->substrate-M-OH 

0.055 Next, any residual non-metal compound precursor 
may be removed by purging. 
0056. The lower adhesion promoter layer 156 should 
have just enough coverage and thickness to improve adhe 
Sion. On the one hand, an excessive thickness of unoxidized 
metal in the lower adhesion promoter layer 156 may 
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increase leakage current, Such as between conductorS 50 
(such as in FIG. 2B) in the same layer of the stack in the 
interconnect. On the other hand, an excessive thickness of 
oxidized metal in the lower adhesion promoter layer 156 
may increase the kit value of the Stack in the interconnect. 
0057. One cycle includes a half-reaction A, with the 
metal compound precursor, followed by a half-reaction B, 
with the non-metal compound precursor. In an embodiment 
of the present invention, one cycle may form about 1/3-1/2 
of a monolayer for the lower buffer layer 150 over the lower 
activated layer 106. In another embodiment of the present 
invention, one cycle may form a thickness of about 1.1-1.3 
Angstroms for the lower buffer layer 150 over the lower 
activated layer 106. Consequently, multiple cycles, alternat 
ing between the half-reaction A and the half-reaction B, may 
be performed to achieve the desired coverage and thickneSS 
for the lower adhesion promoter layer 156. In an embodi 
ment of the present invention, a total of about 3-15 cycles 
may be performed. In another embodiment of the present 
invention, a total of about 5-10 cycles may be performed. 

0058. In a first embodiment of the present invention as 
shown in FIG. 2B, the lower activated layer 106 is covered 
by the lower buffer layer 150. In a second embodiment of the 
present invention, about 20-100% of the lower activated 
layer 106 is covered by the lower buffer layer 150. In a third 
embodiment of the present invention, the lower activated 
layer 106 is covered by about one monolayer (saturated) of 
the lower buffer layer 150. In a fourth embodiment of the 
present invention, the coverage of the metal oxide in the 
lower buffer layer 150 over the lower activated layer 106 
may be about 1-5x10" atoms/cm. 
0059. In one embodiment of the present invention, the 
lower adhesion promoter layer 156 may have a thickness of 
about 1-3 atoms. In another embodiment of the present 
invention, the lower adhesion promoter layer 156 may have 
a thickness of about 3-9 Angstroms. In still another embodi 
ment of the present invention, the lower adhesion promoter 
layer 156 may have a thickness of about 4-20 Angstroms. 
0060 An etch stop layer 200 is then formed over the 
lower adhesion promoter layer 156, as shown in an embodi 
ment of the present invention in FIG.2B. Materials that may 
be used for the etch stop layer 200 include Silicon Nitride 
(SiN.), which has a k value of about 6.5-9.0, and Silicon 
Carbide (SiC), which has a k value of about 4.0-6.0. Silicon 
Oxynitride (SiON), which has a k value intermediate 
between SiO2 and SiN., or about 5.0–7.0, may also be used 
for the etch stop layer 200. The k value may be determined 
by measuring capacitance on a parallel-plate electrical Struc 
ture. 

0061 The k value of the etch stop layer 200 is usually 
larger than the k value of the underlying ILD 100. As a 
result, the thickness of the etch stop layer 200 should be 
minimized So as to reduce the kit value of the Stack in the 
interconnect system. The etch stop layer 200 may have a 
thickness selected from a range of about 200-1,500 Ang 
stroms. The etch stop layer 200 may be thicker in a layer that 
is located higher up in the Stack of the interconnect System. 
0062) An upper adhesion promoter layer 256 may be 
formed, as needed, to improve adhesion between the etch 
stop layer 200 and an overlying ILD 300, as shown in an 
embodiment of the present invention in FIG. 2C. A self 
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limiting or Self-terminating Surface reaction may be used to 
provide atomic-layer control of the thickness of the upper 
adhesion promoter layer 256. 
0.063. In an embodiment of the present invention, the 
upper adhesion promoter layer 256 may be formed from 
multiple precursors with a MOCVD process that exposes a 
substrate, such as the etch stop layer 200, to two or more 
precursors at a time in the gas phase. The thickness formed 
depends on the deposition rate and the deposition time. 
0064. In another embodiment of the present invention, 
the upper adhesion promoter layer 256 may be formed from 
multiple precursors with an ALD process that exposes the 
Substrate, Such as the etch Stop layer 200, to one precursor 
at a time in the gas phase, Separated by purges. The thickneSS 
formed depends on the thickneSS per exposure and the 
number of exposures. If the reaction Sequence is binary, each 
exposure to a precursor will involve a half-reaction. 
0065. An embodiment of the present invention may 
involve a binary reaction Sequence, in which case ALD 
exposes the Substrate, first, to one precursor, and then, to the 
other precursor, with a purge in between. 
0.066. In an embodiment of the present invention, the 
Surface of the Substrate is not reactive enough and cannot 
react directly, Such as with a metal compound precursor. AS 
a result, the Substrate must first be activated, as needed, by 
exposure to a pulse of a non-metal compound precursor that 
is a reactive gas, Such as Hydrogen (H) or water (H2O), to 
form an upper activated layer 206 with a reaction, Such as: 

2 substrate--H(gas)->2 substrate-H 
O 

2 substrate--HO(gas)->substrate-OH--substrate-H 

0067 Formation of the upper activated layer 206 may 
include conversion of an Si-O bond (in Silicon Oxynitride) 
or an Si-C bond (in Silicon Carbide) or an Si-N bond (in 
Silicon Nitride or Silicon Oxynitride) at the surface of the 
etch stop layer 200 to an Si-OH bond or an Si-H bond. 
During activation of the surface of the etch stop layer 200, 
oxidation of the etch stop layer 200 should be minimized so 
the kit value of the Stack of the interconnect will not be 
increased. In an embodiment of the present invention, a 
plasma or a thermal treatment may be used to assist in the 
activation of the Substrate. 

0068 Next, any residual non-metal compound precursor 
is removed by purging. Purging may involve pumping away 
a precursor that is reactive. Alternatively, purging may 
involve pumping in a non-reactive gas to flush and replace 
the reactive precursor. 
0069. Then, the upper activated layer 206 is treated by 
exposure to a pulse of the metal compound precursor, MX, 
to form an upper buffer layer 250 with a reaction, that may 
be called a half-reaction A, Such as: 

substrate-H+MX(gas)->substrate-MX+HX(gas) 
O 

substrate-OH--MX(gas)->substrate-OMX +HX 
(gas) 

0070. In another embodiment of the present invention, 
the Surface of the Substrate is reactive enough and can react 
directly with the metal compound precursor. Such a Sub 
Strate does not require activation and may be treated directly 
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by exposure to a pulse of a metal compound precursor, MX, 
to form the upper buffer layer 250 with another reaction, that 
may be called an alternative half-reaction A, Such as: 

2 substrate+MX (gas)-substrate-MX+sub 
strate-X 

0071. The metal compound precursor, MX, typically has 
a Stoichiometry where n is 2-4. The M- may include a metal, 
such as Titanium (Ti), Tantalum (Ta), or Aluminum (Al). In 
one embodiment of the present invention, the functional 
group, -X, may include a halogen, Such as Chlorine. In 
another embodiment of the present invention, the functional 
group, -X, may include an organic ligand or a hydrocarbon 
moiety, Such as a Methyl group. 
0072 The metal compound precursor should be a liquid 
with a high vapor pressure So that the process temperature 
will not exceed the pyrolysis, or decomposition, temperature 
of the metal compound precursor. In one embodiment of the 
present invention, the metal compound precursor is trim 
ethylaluminum, (Al(CH)). Then, the Surface functionality 
will alternate between a methylated Surface and a hydroxy 
lated Surface for the two half-reactions of the binary reaction 
Sequence. 

0073. The reaction conditions are chosen such that the 
reaction to form the upper buffer layer 250, called half 
reaction A, is completed at the Surface of the Substrate. The 
functional group, -X, is attached to the Surface of the 
Substrate (to passivate the Surface of the Substrate) to prevent 
any further reaction with the metal compound precursor in 
the gas phase. Typical process parameters for providing a 
Self-limiting or Self-terminating reaction may include a 
pressure of about 10-10'. Torr, a temperature of about 
200-550 degrees Centigrade, and a pulse duration of about 
0.5-25 seconds. 

0074 Next, any residual metal compound precursor is 
removed by purging. 
0075. Then, the functional group, -X, is removed from 
the surface of the substrate (to reactivate the surface of the 
Substrate) by exposure to a non-metal compound precursor 
that is a reactive gas, Such as Hydrogen (H) or water (HO), 
with a reaction, that may be called a half-reaction B, Such as: 

substrate-M-X +H (gas)->substrate-M-H+HX 
1 (gas) 
O 

substrate-M-X+HO(gas)->substrate-M-OH 
HX-1 (gas) 

0076. In an embodiment of the present invention, a 
plasma or thermal treatment may be used to assist in removal 
of the functional group, -X, from the Surface of the Substrate 
and reactivation of the Surface of the Substrate. 

0077. In another embodiment of the present invention, 
the non-metal compound precursor may include Oxygen 
(O), Hydrogen Peroxide (HO), or Ammonia (NH). 
0078 Next, any residual non-metal compound precursor 
may be removed by purging. 
007.9 The upper adhesion promoter layer 256 should 
have just enough coverage and thickness to improve adhe 
Sion. On the one hand, an excessive thickness of unoxidized 
metal in the upper adhesion promoter layer 256 may 
increase leakage current, Such as between inlaid intercon 
nect 750 (such as in FIG. 2G) in the same layer of the stack 
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in the interconnect. On the other hand, an excessive thick 
neSS of oxidized metal in the upper adhesion promoter layer 
256 may increase the kit value of the Stack in the intercon 
nect. 

0080. One cycle includes a half-reaction A, with the 
metal compound precursor, followed by a half-reaction B, 
with the non-metal compound precursor. In an embodiment 
of the present invention, one cycle may form about 1/3-1/2 
of a monolayer for the upper buffer layer 250 over the upper 
activated layer 206. In another embodiment of the present 
invention, one cycle may form a thickness of about 1.1-1.3 
Angstroms for the upper buffer layer 250 over the upper 
activated layer 206. Consequently, multiple cycles, alternat 
ing between the half-reaction A and the half-reaction B, may 
be performed to achieve the desired coverage and thickneSS 
for the upper adhesion promoter layer 256. In an embodi 
ment of the present invention, a total of about 3-15 cycles 
may be performed. In another embodiment of the present 
invention, a total of about 5-10 cycles may be performed. 

0081. In a first embodiment of the present invention as 
shown in FIG. 2C, the upper activated layer 206 is covered 
by the upper buffer layer 250. In a second embodiment of the 
present invention, about 20-100% of the upper activated 
layer 206 is covered by the upper buffer layer 250. In a third 
embodiment of the present invention, the upper activated 
layer 206 is covered by about one monolayer (saturated) of 
the upper buffer layer 250. In a fourth embodiment of the 
present invention, the coverage of the metal oxide in the 
upper buffer layer 250 over the upper activated layer 206 
may be about 1-5x10' atoms/cm. 
0082 In one embodiment of the present invention, the 
upper adhesion promoter layer 256 may have a thickness of 
about 1-3 atoms. In another embodiment of the present 
invention, the upper adhesion promoter layer 256 may have 
a thickness of about 3-9 Angstroms. In still another embodi 
ment of the present invention, the upper adhesion promoter 
layer 256 may have a thickness of about 4-20 Angstroms. 

0083) An overlying ILD 300 is then formed over the 
upper adhesion layer 256, as shown in an embodiment of the 
present invention in FIG. 2C. The ILD 300 may have a 
thickness selected from a range of about 0.1-2.0 um. The 
ILD 300 may be thicker in a layer that is located higher up 
in the Stack of the interconnect System. 
0084. The ILD 300 may be formed in various ways. In 
one embodiment of the present invention, the ILD 300 may 
be formed by applying, or coating, a SOD. In another 
embodiment of the present invention, the ILD 300 may be 
formed by PECVD. Typical conditions for PECVD of the 
ILD 300 may include a power of about 300–3,500 W, a 
pressure of about 100-1,000 Pa, a temperature of about 
300-425 degrees Centigrade, and a gas flow rate of about 
50-1,000 Scfm. 

0085. In one embodiment of the present invention, a 
porous ILD 300 may be formed by coating of a SOD that 
includes a thermally degradable material, or porogen, within 
a host thermosetting matrix. Subsequent heating to a tem 
perature below the glass transition temperature, T., of the 
host matrix will result in croSS-linking of the matrix and 
phase-separation of the porogen from the matrix, followed 
by decomposition of the porogen, and diffusion of Volatile 
byproducts out of the matrix to form pores. 
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0086. In another embodiment of the present invention, a 
porous ILD 300 may be formed by coating of a SOD that 
includes a thermally decomposable pendant group 
covalently attached to a thermosetting polymer backbone 
having a high T. 
0087. In still another embodiment of the present inven 
tion, a porous ILD 300 may be formed by PECVD of a 
material that includes labile organic groups, followed by 
chemical or thermal oxidation of the organic side-chains to 
form pores. 
0088. In one embodiment of the present invention, the 
porosity of the ILD 300 may be selected from a range of 
about 0.02-0.75. A lower porosity will usually result in 
greater retention of the mechanical Strength and the thermal 
conductivity of the bulk material. 
0089. In an embodiment of the present invention, pores 
may transition from Small, closed pores to larger, intercon 
nected pores at a porosity of about 0.20-0.30. Interconnected 
pores may become open pores at a Surface if enough of the 
bulk material is removed. Open pores are usually leSS 
desirable due to higher Susceptibility to absorption and 
diffusion of process chemicals. 
0090 The k value of a porous ILD 300 will depend upon 
both the k value of the bulk material forming the ILD 300 
and the k value of the material filling the pores, as weighted 
by the porosity of the ILD 300. The pores may be filled with 
air, which has a k value of 1.0, or another gas. In one 
embodiment of the present invention, the ILD 300, with 
pores filled with air, may have a k value of about 2.5 or 
lower. 

0091 An embodiment of a variation of a via-first process 
flow for a dual Damascene Scheme will be described next. 
However, different embodiments of the present invention are 
compatible with other process flows, Such as a variation of 
a trench-first process flow for a dual Damascene Scheme. 
Other embodiments of the present invention are compatible 
with other Schemes, Such as a single Damascene Scheme. 
0092. A hard mask 420 is formed over the ILD 300, as 
shown in an embodiment in FIG. 2C. The hard mask 420 
may have a thickneSS Selected from a range of about 
200-1,800 Angstroms. Then, the processes of photolithog 
raphy and etch are used to pattern a via opening 527. First, 
a radiation-Sensistive material, Such as a via-layer photore 
sist 520, may be applied over the hard mask 420. Next, a 
portion of the via-layer photoresist 520 is exposed to radia 
tion of the appropriate wavelength, energy, and dose. The 
exposure is performed in an imaging tool, Such as a Stepper 
or a Scanner. A via-layer reticle may be placed in the path of 
the radiation to determine the portion of the via-layer 
photoresist 520 that is to be exposed. Exposure is followed 
by development of the via-layer photoresist 520 to create a 
Via-layer mask. The Via-layer mask includes a via feature 
525 that corresponds to the exposed portion of the via-layer 
photoresist 520, as shown in an embodiment of the present 
invention in FIG. 2C. 

0093. The shape and CD of the via feature 525 in the 
via-layer photoresist 520 is derived from a design on the 
via-layer reticle. The via feature 525 that has been patterned 
in the via-layer photoresist 520 may be transferred into the 
hard mask 420 by a dry etch process, Such as a plasma etch 
process or a reactive ion etch (RIE) process. 
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0094) The via-layer photoresist 520 is then stripped off, 
leaving the hard mask 420 in place. Another dry etch proceSS 
may be used to etch a via opening 527 through the ILD 300. 
High directionality is desired for the via opening 527 etch 
when the narrowest portion of the via opening 527 has a 
large aspect ratio (depth: width), Such as about 7:1 or greater. 
In one embodiment of the present invention, a high-density 
plasma, Such as a radio frequency (RF) inductively-coupled 
plasma (ICP), may be used. 
0.095 The dry etch of the ILD 300 to form the via 
opening 527 may be performed with a gas mixture. The gas 
mixture for etching an ILD 300 formed from an inorganic 
material may include an etching gas, Such as CF, and a 
polymerizing gas, Such as CHF. The etching gas Serves as 
the principal source of Fluorine for etching the ILD 300 
while the polymerizing gas improves Selectivity by passi 
vating the sidewalls of the via opening 527 during the etch. 
The etch selectivity of the ILD 300 relative to the hard mask 
420 may be about 20:1 or greater. Other gases that may be 
used for via opening 527 etch include CHF and CF. The 
etch rate of the ILD 300 may be selected from a range of 
about 1,500-12,000 Angstroms per minute. 
0096. Using the etch stop layer 200 underneath the ILD 
300 allows a longer over etch to clean out the bottom of the 
Via opening 527 without damaging the underlying conductor 
50 connected to the device in the wafer 90. The etch stop 
layer 200 should be thick enough to prevent breakthrough 
during via opening 527 etch, as shown in an embodiment of 
the present invention in FIG. 2D. The etch selectivity of the 
ILD 300 relative to the etch stop layer 200 should be about 
20:1 or greater. 
0097. The upper adhesion promoter layer 256 is very thin 
and does not interfere with the etch of the ILD 300 to form 
the via opening 527. The very thin upper adhesion promoter 
layer 256 also does not interfere with the subsequent over 
etch to clean out the bottom of the via opening 527. 
0098. After formation of the via opening 527 (over the 
etch stop layer 200), the processes of photolithography and 
etch are used again to pattern a trench. A bottom anti 
reflective coating (BARC) 530 may be formed over the hard 
mask 420 (located over the ILD 300) and in the via opening 
527, as shown in an embodiment of the present invention in 
FIG. 2D. 

0099] The BARC 530 will minimize potential exposure 
problems in the vicinity of the upper corners, Sidewalls, and 
bottom corners of the via opening 527, relating to a com 
bination of Swing curve effects/light Scattering effects 
caused by the thickness/step change in the hard mask 
420/ILD 300 as well as the Surface curvature/thickness 
variation in the trench-layer photoresist 540. 
0100. Then, a trench-layer photoresist 540, is applied 
Over the BARC 530. 

0101 The trench-layer photoresist 540 is exposed using 
radiation of the appropriate wavelength, energy, and dose. 
The exposure is performed in an imaging tool, Such as a 
Stepper or a Scanner, and modulated by a trench-layer reticle. 
Exposure is followed by development of a trench feature 
545 in the trench-layer photoresist 540. The trench feature 
545 in the trench-layer photoresist 540 is Superimposed over 
the via opening 527 etched into the ILD 300. The shape and 
CD of the trench feature 545 is derived from a design on the 
trench-layer reticle. 

May 27, 2004 

0102) A dry etch process, Such as a plasma etch process 
or an RIE process, may be used to etch the BARC 530 and 
the hard mask 420. The BARC 530 minimizes further etch 
of the via opening 527, during the etch of the trench, that 
may alter the width, depth, or sidewall profile of the via 
opening 527. 
0103) Then, the trench-layer photoresist 540 is stripped 
off, leaving the hard mask 420 in place over the ILD 300 and 
the remaining portion of the BARC 530 in the via opening 
527. 

0104. Another dry etch process is used to etch partially 
into the ILD 300 to form a trench over the via opening 527, 
as shown in an embodiment of the present invention in FIG. 
2E. High directionality is desired for the trench etch when 
the narrowest portion of the trench-via opening 547 has a 
large aspect ratio (depth: width), Such as about 7:1 or greater. 
In one embodiment, a high density plasma, Such as an RF 
ICP, may be used for the trench etch. 
0105. The dry etch of the ILD 300 to form the trench-via 
opening 547 may be performed with a gas mixture. The gas 
mixture for etching an ILD 300 formed from an inorganic 
material may include an etching gas, Such as CF, and a 
polymerizing gas, Such as CHF. The etching gas Serves as 
the principal source of Fluorine for etching the ILD 300 
while the polymerizing gas improves Selectivity by passi 
vating the sidewalls of the trench-via opening 547. The etch 
selectivity of the ILD 300 relative to the hard mask 420 may 
be about 20:1 or greater. Other gases that may be used for 
trench etch include CHF and CF. The etch rate of the ILD 
300 may be selected from a range of about 1,500-12,000 
Angstroms per minute. 

0106) The BARC 530 minimizes further etch of the via 
opening 527, during the etch of the trench, that may alter the 
width, depth, or sidewall profile of the portion of the via 
opening 527 below the Superimposed trench opening. 

0107 Then, any remnant of the BARC 530 is removed 
from the via opening 527. 
0108) Next, a portion of the etch stop layer 200 under 
lying the trench-Via opening 547 is removed after comple 
tion of the etch of the trench opening, as shown in an 
embodiment in FIG. 2E. The underlying conductor 50 
should not be damaged by the removal of the portion of the 
etch stop layer 200 below the trench-via opening 547. 
0109. In another embodiment of the present invention, 
the portion of the etch stop layer 200 underlying the trench 
via opening 547 may be removed earlier in the process 
Sequence, Such as after completion of the etch of the Via 
opening 527. 
0110. The upper adhesion promoter layer 256 and the 
lower adhesion promoter layer 156 are both very thin and 
will not interfere with the removal of the portion of the etch 
stop layer 200 underlying the trench-via opening 547. 

0111. The hard mask 420 is then removed. In one 
embodiment of the present invention, the trench etch, the 
removal of the portion of the etch stop layer 200 underlying 
the trench-via opening 547, and the hard mask 420 removal 
may be performed Sequentially in an integrated tool. 

0112 The trench-via opening 547 will be filled later with 
a conductor layer 700 to make electrical contact with the 



US 2004/0101667 A1 

device connected to the underlying conductor 50, as shown 
in an embodiment in FIG.2F. The conductor layer 700 may 
be formed from Copper which has a high diffusivity in 
Silicon. Thus, a barrier layer 630 is first formed over the ILD 
300 and in the trench-via opening 547. The barrier layer 630 
must encapsulate the Sides and the bottom of the trench-Via 
opening 547 to prevent diffusion of Copper into the ILD 300 
and other underlying layers in the Stack of the interconnect 
System. Otherwise, Copper may introduce mid-gap States 
into semiconductor material, Such as Silicon, in the wafer 90 
and degrade carrier lifetime. 
0113. The barrier layer 630 may be formed from a metal, 
including a refractive metal, Such as Tantalum (Ta), or an 
alloy, Such as Titanium-Tungsten (TIW), or a ceramic, Such 
as Tantalum-Nitride (TaN), Tantalum-Silicon-Nitride 
(TaSiN), Titanium-Nitride (TiN), or Tungsten-Nitride (WN). 
The barrier layer 630 may have a thickness selected from a 
range of about 80-600 Angstroms. 
0114. In one embodiment, the barrier layer 630 may 
include a lower layer of TaN to adhere to the underlying ILD 
300 and an upper layer of Ta to adhere to the overlying seed 
layer 650. A barrier layer 630 formed as a bilayer may have 
a total thickness selected from a range of about 75-350 
Angstroms. 
0115 High directionality is desired for forming the bar 
rier layer 630, especially when the narrowest portion of the 
trench-via opening 547 has a large aspect ratio (depth: 
width), Such as 7:1 or greater. The technique of ionized 
physical vapor deposition (I-PVD) may be used to form the 
barrier layer 630 with better step coverage than other tech 
niques, Such as collimation Sputtering or long-throw Sput 
tering (LTS). 
0116. In certain cases, a MOCVD process may be used to 
form the barrier layer 630. Alternatively, the barrier layer 
630 may be formed using ALD, especially for a thickness of 
about 100 Angstroms or leSS. ALD may provide good Step 
coverage and good thickness uniformity even while permit 
ting the use of a low deposition temperature of about 
200-400 degrees Centigrade. 
0117. When the trench-via opening 547 is to be filled 
later by electroplating a conductor layer 700, a seed layer 
650 should first be formed over the barrier layer 630, as 
shown in an embodiment in FIG. 2F. In order to serve as a 
base for electroplating, the seed layer 650 must be electri 
cally conductive and continuous over the barrier layer 630. 
Adhesion loss of the seed layer 650 from the underlying 
barrier layer 630 should be prevented. Interfacial reaction of 
the seed layer 650 with the underlying barrier layer 630 
should also be prevented. 
0118. The seed layer 650 may be formed from the same 
or different material as the conductor layer 700 to be formed 
later. The seed layer 650 may include a metal, such as 
Copper, or an alloy. In one embodiment of the present 
invention, the seed layer 650 may have a thickness selected 
from a range of about 400-2,000 Angstroms. 
0119) The seed layer 650 may be formed by I-PVD, 
especially when the conductor layer 700 is to be formed later 
by electroplating. If desired, the barrier layer 630 and the 
seed layer 600 may be sequentially deposited in a tool, 
without breaking vacuum, So as to prevent formation of an 
interfacial layer between the barrier layer 630 and the seed 
layer 650. 
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0120 When the conductor layer 700 is to be subsequently 
formed by PVD, better material properties and surface 
characteristics may be achieved for the conductor layer 700 
if the seed layer 650 is formed using CVD. The seed layer 
650 may also be formed with ALD or electroless plating. 
0121 The conductor layer 700, such as a metal, may be 
formed over the seed layer 650 by an electrochemical 
process, such as electroplating. The conductor layer 700 
may have a thickness that provides an Overburden of about 
1,000-4,000 Angstroms above the ILD 300. 
0122) In other embodiments, the conductor layer 700 
may be formed with a PVD or CVD process. A PVD or CVD 
process may be particularly advantageous when forming the 
conductor layer 700 over a trench-via opening 547 that has 
a large aspect ratio (depth: width), Such as about 7:1 or 
greater. A PVD process usually has a lower Cost-of-Own 
ership (CoO) than a CVD process. In certain cases, a 
MOCVD process may be used. 
0123 The conductor layer 700 may be treated after being 
formed to modify its material properties or Surface charac 
teristics. The treatment may include a rapid thermal anneal 
(RTA) process after deposition to modify or Stabilize grain 
size. For example, Copper that is formed by electroplating 
may have a grain size of about 0.05-10.0 um, depending on 
the thickness, deposition conditions, and anneal conditions. 
A larger grain size usually corresponds to a lower resistivity 
which may be more desirable. Copper may have a resistivity 
of about 1.7-2.5 micro-ohm-centimeter (uohm-cm) at 20 
degrees Centigrade. 
0124. A chemical-mechanical polishing (CMP) process 
may be used to remove the overburden of the conductor 
layer 700 and the portions of the seed layer 650 and the 
barrier layer 630 over an upper surface 457 of the ILD 300 
to create an inlaid interconnect 750 in the trench-via opening 
547, as shown in an embodiment in FIGS. 2F-2G. 
0.125 The process of CMP combines abrasion and dis 
Solution to planarize topography or relief at a Surface. 
Abrasion occurs when a polish pad and abrasive particles, 
Suspended in a polish Slurry, apply mechanical forces to 
flatten and Smoothen higher portions of the Surface. Disso 
lution occurs when chemicals in the Slurry react with certain 
materials at the Surface to form Soluble byproducts. 
0.126 The CMP process to create an inlaid interconnect 
750 in the trench-via opening 547 includes optimization of 
the polish selectivity for different materials at the surface. 
Polish Selectivity may be optimized by changing the polish 
rates of the different materials. The polish rates may depend 
on Selection of the pad, the Slurry, and the polishing condi 
tions. A harder pad may planarize more effectively, but a 
Softer pad may generate fewer defects. The Slurry compo 
Sition may include abrasive particles, an oxidizer, a corro 
Sion inhibitor, and various other additives. The abrasive 
particles may include Alumina (AlO) or Silica (SiO2). The 
pH of the Slurry may be adjusted to produce a desired polish 
rate and polish Selectivity. The tool parameters may include 
a polish pressure of about 1-5 pounds per Square inch (psi) 
and platen speed and carrier Speed of about 20-125 revolu 
tions per minute (rpm). 
0127. In a first embodiment of the present invention, the 
CMP process involves three polishes. Each polish includes 
optimization of the polish rates and the polish Selectivity by 
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using a different combination of Slurry, pad, and polish tool 
parameters. The first polish removes most of the overburden 
of the conductor layer 700. The second polish planarizes the 
remaining conductor layer 700 and the portion of the seed 
layer 650 that is located over the barrier layer 630. The 
polish rate of the conductor layer 700 in the first polish and 
the Second polish may be selected from a range of about 
900-13,000 Angstroms per minute. The third polish removes 
the portion of the barrier layer 630 that is located over the 
upper surface 547 of the ILD 300. 
0128. The polish rate of the barrier layer 630 may be 
selected from a range of about 100-1,000 Angstroms per 
minute. In an embodiment of the present invention, the 
polish of the barrier layer 630 may be highly selective 
relative to the ILD 300. A selective process preserves most 
of the thickness of the conductor layer 700 and the ILD 300, 
but may result in excessive dishing and erosion. Dishing is 
the recessing of the conductor layer 700 in large open 
features. Erosion is the recessing of both the conductor layer 
700 and the ILD 300 towards the center of clusters of 
Small-pitch, high-density lines which tend to clear quickly. 
0129. In another embodiment of the present invention, 
the polish of the barrier layer 630 may be relatively non 
selective relative to the conductor layer 700 and the ILD 
300. A non-Selective process provides good planarity, but 
may result in excessive thinning of the conductor layer 700 
and the ILD 300. 

0130. In a second embodiment of the present invention, 
the CMP process involves two polishes. The first polish 
removes all of the overburden of the conductor layer 700 and 
planarizes the conductor layer 700 and the portion of the 
seed layer 650 that is located over the barrier layer 630. The 
second polish removes the portion of the barrier layer 630 
over the upper surface 547 of the ILD 300. 
0131. In a third embodiment of the present invention, the 
CMP process involves one polish to remove all of the 
overburden of the conductor layer 700, as well as the 
portions of the seed layer 630 and the barrier layer 650 that 
are located over the ILD 300. 

0132) The material and mechanical properties of the ILD 
300 must be sufficient to prevent any deformation, fracture, 
or delamination of the ILD 300 during the CMP process that 
is used to planarize the conductor layer 700. Otherwise, 
electrical shorts and other polish-induced defects may occur, 
thus degrading yield. 
0133) The mechanical strength of the ILD 300 depends 
on the mechanical Strength of the bulk material forming the 
ILD 300. If the ILD 300 is porous, the mechanical strength 
of the ILD 300 also depends on the porosity and the pore 
size, shape, and distribution. Young's modulus of elasticity 
is a measurement of mechanical Strength of a material. In a 
first embodiment, the ILD 300 is porous with a Young's 
modulus of elasticity of about 3 GigaPascals (GPa) or 
higher. Shear Strength is another measurement of mechani 
cal Strength of a material. In a Second embodiment, the ILD 
300 is porous with a shear strength of about 1 GPa or higher. 
Fracture toughness is still another measurement of mechani 
cal Strength of a material. 
0134). After the CMP process, the upper surface 757 of 
the inlaid interconnect 750 should be approximately flat and 
level with the upper surface 547 of the ILD 300. 
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0135). After planarization with CMP, another etch stop 
layer may be formed over an upper Surface 757 of the inlaid 
interconnect 750 and the upper surface 457 of the ILD 300. 
In Some cases, the etch Stop layer may also serve as a 
capping layer to prevent diffusion, intermixing, or reaction 
of the inlaid interconnect 757 with the Surrounding materi 
als. 

0.136 A process sequence similar to the embodiment of 
the present invention shown in FIGS. 2A-2G may be 
repeated to form the next higher layer in the Stack of the 
interconnect System. In a dual Damascene Scheme, each 
layer includes a via and an overlying trench. The total 
number of layerS may depend on the device design rule. In 
one embodiment, a total of 7-10 layers may be formed. 
0137 Astructure 2000 that includes a very thin adhesion 
promoter layer, Such as a metal oxide, at an interface 
between an ILD and an etch Stop layer or a hard mask will 
be described next. As shown in an embodiment of the 
present invention in FIG. 2G, the structure 2000 includes a 
lower conductor 50 that is embedded or inlaid in a lower 
ILD 100 located over a wafer 90, as well as an upper inlaid 
interconnect 750 that is embedded or inlaid in an upper ILD 
300. The lower conductor 50 and the upper inlaid intercon 
nect 750 may each include a metal, Such as Copper, or an 
alloy. 
0138. The lower ILD 100 and the upper ILD 300 may 
each have a thickness Selected from a range of about 0.1-2.0 
um. Although they need not be formed from the same 
material, both the lower ILD 100 and the upper ILD 300 
should have a low dielectric constant, Such as a k value of 
2.5 or lower, as well as good mechanical Strength, Such as a 
Young's modulus of elasticity of about 3 GPa or higher and 
a shear strength of about 1 GPa or higher. 
013:9) The lower ILD 100 and the upper ILD 300 may 
each be formed from a dielectric material, Such as a SOD or 
a CDO. In an embodiment of the present invention, the 
lower ILD 100 and the upper ILD 300 may each have pores, 
with a void fraction by volume, or porosity, of about 
0.02-0.75. The pores may have a diameter selected from a 
range of about 50-200 Angstroms. 
0140. The upper surface 757 of the upper inlaid inter 
connect 750 should be approximately flat and level with the 
upper surface 547 of the upper ILD 300. In an embodiment 
of the present invention, the upper inlaid interconnect 750 
that is located within the upper ILD 300 is further encap 
sulated by a diffusion barrier layer 630. The diffusion barrier 
layer 630 may have a thickness selected from a range of 
about 80-600 Angstroms. In another embodiment of the 
present invention, a seed layer 650 is also located between 
the diffusion barrier layer 630 and the upper inlaid inter 
connect 750. The seed layer 650 may have a thickness 
selected from a range of about 400-2,000 Angstroms. 
0.141. In a first embodiment of the present invention, a 
lower adhesion promoter layer 156 is located between the 
lower ILD 100 and an etch stop layer 200. In one embodi 
ment of the present invention, the lower adhesion promoter 
layer 156 may have a thickness of about 1-3 atoms. In 
another embodiment of the present invention, the lower 
adhesion promoter layer 156 may have a thickness of about 
3-9 Angstroms. In still another embodiment of the present 
invention, the lower adhesion promoter layer 156 may have 
a thickness of about 4-20 Angstroms. 
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0142. The lower adhesion promoter layer 156 may 
include a lower activated layer 106 and a lower buffer layer 
150. In an embodiment of the present invention, about 
20-100% of the lower activated layer 106 is covered by the 
lower buffer layer 150. In another embodiment of the present 
invention, the lower activated layer 106 is covered by about 
one monolayer (saturated) of the lower buffer layer 150. In 
Still another embodiment of the present invention, the cov 
erage of the metal oxide in the lower buffer layer 150 over 
the lower activated layer 106 is about 1-5x10' atoms/cm. 
0143. In a second embodiment of the present invention, 
an upper adhesion promoter layer 256 is located between the 
etch stop layer 200 and the upper ILD 300. In one embodi 
ment of the present invention, the upper adhesion promoter 
layer 256 may have a thickness of about 1-3 atoms. In 
another embodiment of the present invention, the upper 
adhesion promoter layer 256 may have a thickness of about 
3-9 Angstroms. In still another embodiment of the present 
invention, the upper adhesion promoter layer 256 may have 
a thickness of about 4-20 Angstroms. 
0144. The upper adhesion promoter layer 256 may 
include an upper activated layer 206 and an upper buffer 
layer 250. In an embodiment of the present invention, about 
20-100% of the upper activated layer 206 is covered by the 
upper buffer layer 250. In another embodiment of the present 
invention, the upper activated layer 206 is covered by about 
one monolayer (saturated) of the upper buffer layer 250. In 
Still another embodiment of the present invention, the cov 
erage of the metal oxide in the upper buffer layer 250 over 
the upper activated layer 206 is about 1-5x10" atoms/cm. 
0145. In a third embodiment of the present invention, 
both the lower adhesion promoter layer 156, as described 
earlier, and the upper adhesion promoter layer 256, as 
described earlier, are included in the structure 2000, as 
shown in FIG. 2G., 

0146) Many embodiments and numerous details have 
been set forth above in order to provide a thorough under 
standing of the present invention. One skilled in the art will 
appreciate that many of the features in one embodiment are 
equally applicable to other embodiments. One skilled in the 
art will also appreciate the ability to make various equivalent 
Substitutions for those Specific materials, processes, dimen 
Sions, concentrations, etc. described herein. It is to be 
understood that the detailed description of the present inven 
tion should be taken as illustrative and not limiting, wherein 
the scope of the present invention should be determined by 
the claims that follow. 

0147 Thus, we have described a method of improving 
adhesion at an interface between dielectric materials, as well 
as, a structure including an adhesion promoter layer at the 
interface between dielectric materials. 

We claim: 
1. A method comprising: 
determining whether a Surface of a dielectric layer is 

reactive; 
activating Said Surface if Said Surface is not reactive; 
performing a cycle on Said Surface, Said cycle comprising: 

reacting Said Surface with a metal; and 
activating Said metal. 
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2. The method of claim 1 wherein activating involves 
formation of a hydroxyl bond. 

3. The method of claim 1 wherein activating is done with 
Hydrogen (H). 

4. The method of claim 1 wherein activating is done with 
water (HO). 

5. The method of claim 1 wherein said metal is Titanium. 
6. The method of claim 1 wherein said metal is Tantalum. 
7. The method of claim 1 wherein said metal is Alumi 
U. 

8. The method of claim 1 wherein said cycle is performed 
with Atomic Layer Deposition (ALD). 

9. The method of claim 1 further comprising repeating 
said cycle until a total of 5-10 cycles has been performed. 

10. A method comprising: 
providing a first dielectric layer; 
forming a first hydroxyl bond at a Surface of Said first 

dielectric layer; 
reacting Said first hydroxyl bond with a metal; 
forming a Second hydroxyl bond at a Surface of Said 

metal; and 

forming a Second dielectric layer over Said Second 
hydroxyl bond. 

11. The method of claim 10 wherein said first dielectric 
layer is Carbon-doped Oxide (CDO) and said second dielec 
tric layer is Silicon Nitride or Silicon Carbide. 

12. The method of claim 10 wherein said first dielectric 
layer is Silicon Nitride or Silicon Carbide and said second 
dielectric layer is Carbon-doped Oxide (CDO). 

13. The method of claim 10 wherein said metal is Tita 
nium, Tantalum, or Aluminum. 

14. A structure comprising: 
a Substrate; 

a first interlayer dielectric disposed over Said Substrate; 
a first adhesion promoter layer disposed over Said first 

interlayer dielectric, 
an etch Stop layer disposed over Said first adhesion 

promoter layer; 

a Second adhesion promoter layer disposed over Said etch 
Stop layer, and 

a Second interlayer dielectric disposed over Said Second 
adhesion promoter layer. 

15. The structure of claim 14 wherein said first and second 
interlayer dielectric layers each comprises Carbon-doped 
Oxide (CDO). 

16. The structure of claim 14 wherein said first and second 
adhesion promoter layers each comprises an activated layer 
and a buffer layer. 

17. The structure of claim 14 wherein said first and second 
adhesion promoter layers each comprises about one mono 
layer. 

18. The structure of claim 14 wherein said first and second 
adhesion layers each comprises a thickness of about 4-20 
Angstroms. 

19. The structure of claim 14 wherein said first and second 
adhesion promoter layers each comprises a metal. 
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