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ABSTRACT 

A method of forming a contact is disclosed. A Substrate 
having a desired electrical contact location is provided. The 
Substrate has a conductive layer. A first mask with an edge 
over the desired electrical contact location is formed on the 
Substrate. A contact material is deposited over the first mask 
and the Substrate. A first portion of the contact material is 
then removed Such that a Second portion of the contact 
material remains to form a contact adjacent to the edge of the 
mask, Over the desired electrical contact location. 
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METHOD OF FORMING CONTACTS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the field of semi 
conductor circuit manufacturing, and more Specifically, to a 
method of forming a contact and a novel integrated circuit 
Structure. 

0003 2. Discussion of Related Art 
0004 Integrated circuits are made up of millions of active 
devices formed in or on a Silicon Substrate. The active 
devices are interconnected together in order to form func 
tional circuits and components. The devices are intercon 
nected together through the use of multilevel interconnects. 
A cross-sectional illustration of a typical multilevel inter 
connect structure 100 is shown in FIG. 1. Interconnect 
Structures normally have a first level of metalization or 
interconnect layer 105, a second level of metalization 135 
and Sometimes a third, a fourth, etc., levels of metalization. 
Interlevel dielectrics 110 (ILDs) such as silicon dioxide 
(SiO2) are used to electrically isolate different levels of 
metalization and silicon Substrate 101. The electrical con 
nections between different interconnect levels are made 
through the use of contact holes 115 formed in ILD 110. 
Contact holes 115 are filled with a conductive material 
forming contacts 130 which are used to form electrical 
connections between interconnect levels and devices formed 
in Substrate 101. 

0005. As device dimension decreases, an RC delay asso 
ciated with the interconnects increase. The RC delay 
increases the propagation delay associated with the inter 
connects and thus limits the performance of the circuit. The 
RC delay is mainly due to the capacitive coupling between 
metal lines and the resistance of contact material used for the 
interconnects. The capacitive coupling and the interconnect 
material are limited by the present methods of forming 
interconnects. 

0006 An example of a technique of forming metal-to 
metal contacts through contact holes in a multilevel-inter 
connect system is shown in FIGS. 2A through 7B. Metal 
lines 105 are formed on Substrate 101, as shown in FIG. 2A. 
Substrate 101 comprises insulating layer 103 formed over 
silicon substrate 104. FIG. 2B is a top view showing the 
location desired of electrical contacts on metal lines 105, as 
represented by X's 102. 
0007 Next, as shown in FIG. 3A, ILD 110 is blanket 
deposited onto substrate 101 and metal lines 105. Then 
contact holes 115 are formed through ILD 110, as shown in 
FIG. 4A. FIG. 4B illustrates locations of contact holes 115. 
In a process to form contact holes, photoresist 120 is 
generally deposited over ILD 110 and patterned to define 
desired locations of electrical contacts. Contact holes 115 
are then etched in alignment with patterned photoresist layer 
120. After contact holes 115 are formed, photoresist layer 
120 is removed. 

0008 Next, tungsten (W) 125 is blanket deposited over 
ILD 110 and into contact holes 115, as shown in FIG. 5A. 
Tungsten 125 is then polished or etched back so that the top 
of ILD 110 is exposed, forming filled contacts 130, as shown 
in FIG. 6A. FIG. 6B shows a top view of contacts 130 after 
their formation. 

Aug. 23, 2001 

0009. To complete the process of forming an interconnect 
level, a Second conductive layer is then deposited over the 
entire Surface. Next, a photoresist layer is deposited over the 
Second conductive layer. The photoresist layer is then pat 
terned. Then, eXposed portion of the conductive layer is 
etched to form metal lines 135. The photoresist is then 
removed. FIG. 7A shows a cross-sectional view of the 
partially built multilevel interconnect System after formation 
of metal lines 135. FIG. 7B shows the locations of metal 
lines 135. Thereafter, the process described for FIG. 2A 
through FIG. 7B can be repeated to form additional levels 
of interconnects. 

0010) By using the technique described above, an aspect 
ratio of 2:1 can be achieved. An aspect ratio is defined as 
contact width 116 over contact height 117 (see FIG. 4A). 
Separation of metal lines can increase an aspect ratio. AS the 
aspect ratio increases, capacitive coupling between the metal 
lines decreases and as the capacitive coupling decreases, the 
RC delay decreases, resulting in better circuit performance. 
Hence, an aspect ratio that is greater than 2:1 is desirable. 
Since the contacts are formed by filling contact holes, as the 
aspect ratio of the contact holes increases, the probability of 
Void formation also increases. Therefore, an aspect ratio that 
is greater than 2:1 cannot be achieved by using the current 
technique. 

0011. An additional problem with the current technique is 
that only tungsten can be used to fill contact holes. Tungsten 
125 is used in a multilevel-interconnect System because it 
can be deposited by chemical vapor deposition (CVD). CVD 
allows a material to be deposited conformally which allows 
a complete fill of contact holes 115 with an aspect ratio of 
2:1. A material with a lower resistance than that of tungsten 
Such as aluminum, copper, gold, Silver, and their alloys, is 
more desirable as a contact material in filling contact holes 
115. However, Such low resistance materials cannot be used 
because they can only be reliably deposited by Sputtering, 
rather than by CVD. Sputtering processes typically do not 
allow a material to be deposited conformally and as a 
consequence, only contact holes with aspect ratioS of leSS 
than 2:1 can be filled reliably. 
0012 AS pointed out above, one method to minimize the 
RC delay is to decrease the capacitive coupling between 
metal layers by increasing the distance between the metal 
layers. However, with the present method in forming con 
tacts, the aspect ratio is limited to 2:1 due to the problem of 
Void formation associated with filling the contact holes. A 
Second way to minimize the RC delay is to use a low 
resistance contact material. However, low resistance mate 
rials. Such as aluminum, copper, Silver, gold and their alloys 
can only be deposited by Sputtering, thus cannot be used to 
fill contact holes with an aspect ratio of greater than 2:1. 
0013 Thus, what is desired is a method of forming a high 
aspect ratio contact, utilizing low resistance materials. 

SUMMARY OF THE INVENTION 

0014) An integrated circuit structure and a method of 
forming a contact is disclosed. A Substrate having a desired 
electrical contact location is provided. The Substrate has a 
conductive layer. A first mask with an edge over the desired 
electrical contact location is formed on the Substrate. A 
contact material is deposited over the first mask and the 
Substrate. A first portion of the contact material is then 
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removed Such that a Second portion of the contact material 
remains to form a contact adjacent to the edge of the mask, 
over the desired electrical contact location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The present invention is shown by way of example 
and not limitation in the accompanying figures in which: 

0016 FIG. 1 is an illustration of a cross-sectional view of 
a multilevel-interconnect Structure. 

0017 FIG. 2A is an illustration of a cross-sectional view 
of a Substrate with conductive lines formed on top. 
0018 FIG. 2B is an illustration of a top view of the 
device depicted in FIG. 2A. 

0.019 FIG. 3A is an illustration of a cross-sectional view 
of a dielectric layer blanket deposited over the Substrate and 
the conductive lines. 

0020 FIG. 3B is an illustration of a top view of the 
device depicted in FIG. 3A. 

0021 FIG. 4A is an illustration of a cross-sectional view 
of a patterned photoresist formed on top of the dielectric 
layer and contact holes after etching. 

0022 FIG. 4B is an illustration of a top view of the 
device depicted in FIG. 4A. 

0023 FIG. 5A is an illustration of a cross-sectional view 
of a contact material deposited over the dielectric layer and 
into the contact holes, after removal of the photoresist. 
0024 FIG. 5B is an illustration of a top view of the 
device depicted in FIG. 5A. 

0.025 FIG. 6A is an illustration of a cross-sectional view 
of contacts formed after planarization of the contact mate 
rial. 

0026 FIG. 6B is an illustration of a top view of the 
device depicted in FIG. 6A. 

0.027 FIG. 7A is an illustration of a cross-sectional view 
of a conductive lines formed after formation of the contacts 
by depositing a conductive layer and patterning the conduc 
tive layer. 

0028 FIG. 7B is an illustration of a top view of the 
device depicted in FIG. 7A. 

0029 FIG. 8A is an illustration of a cross-sectional view 
of a Substrate with conductive lines that are in planar with 
the underlying dielectric layer. 

0030 FIG. 8B is an illustration of a top view showing 
locations where electrical contacts are desired. 

0.031 FIG. 9A is an illustration of a cross-sectional view 
showing a patterned photoresist over an interlayer dielectric 
layer which is blanket deposited over the substrate. 
0032). PIG. 9B is an illustration of a top view showing 
location of the photoresist. 

0.033 FIG. 10A is an illustration of a cross-sectional 
View showing a first mask formed on the Substrate, the first 
mask having an edge that defines the location of the elec 
trical contacts. 
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0034 FIG. 10B is an illustration of a top view showing 
location of the first mask and location where electrical 
contacts are desired. 

0035 FIG. 11A is an illustration of a cross-sectional 
View showing a contact material blanket deposited over the 
Substrate and the first mask. 

0036 FIG. 11B is an illustration of a top view of the 
device depicted in FIG. 11A. 
0037 FIG. 12A is an illustration of a cross-sectional 
View showing a contact Spacer formed at the edge of the first 
mask after reactive ion etchback of the contact material. 

0038 FIG. 12B is an illustration of a top view showing 
a contact spacer adjacent to and around the first mask. 
0039 FIG. 13A is an illustration of a cross-sectional 
View showing Second masking Step to define the location of 
the contacts. 

0040 FIG. 13B is an illustration of a top view showing 
location of the Second mask. 

0041 FIG. 14A is an illustration of a cross-sectional 
View showing contacts formed at appropriate locations after 
etching. 

0042 FIG. 14B is an illustration of a top view of the 
device depicted in FIG. 14A. 
0043 FIG. 15A is an illustration of a cross-sectional 
View showing a dielectric layer blanket deposited over the 
Substrate, first mask and contacts. 

0044 FIG. 15B is an illustration of a top view of the 
device depicted in FIG. 15A. 
004.5 FIG. 16A is an illustration of a cross-sectional 
View showing the interconnect device after planarization of 
the dielectric layer. 
0046 FIG. 16B is an illustration of a top view of the 
device depicted in FIG. 16A. 
0047 FIG. 17A is an illustration of a cross-sectional 
view showing conductive lines formed after formation of the 
contacts by depositing a conductive layer and patterning the 
conductive layer. 
0048 FIG. 17B is an illustration of a top view showing 
location of the conductive lines. 

0049 FIG. 18A is an illustration of a cross-sectional 
View showing the Substrate and contact after removal of the 
first mask. 

0050 FIG. 18B is an illustration of a top view showing 
location of the contacts and the conductive lines. 

0051 FIG. 19A is an illustration of a cross-sectional 
View showing a dielectric layer blanket deposited over the 
Substrate and the contacts. 

0.052 FIG. 19B is an illustration of a top view of the 
device depicted in FIG. 19A. 
0053 FIG. 20A is an illustration of a cross-sectional 
View showing the interconnect device after planarization of 
the dielectric layer. 
0054 FIG. 20B is an illustration of a top view of the 
device depicted in FIG. 20A. 
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0.055 FIG. 21A is an illustration of a cross-sectional 
view showing conductive lines formed after formation of the 
contacts by depositing a conductive layer and patterning the 
conductive layer. 
0056 FIG. 21B is an illustration of a top view showing 
location of the conductive lines. 

0057 FIG. 22A is an illustration of a cross-sectional 
View showing a Substrate having unpatterned underlying 
conductive layer. 
0.058 FIG. 22B is an illustration of a top view showing 
locations where conductive lines and electrical contacts are 
desired. 

0059 FIG. 23A is an illustration of a cross-sectional 
View showing a patterned photoresist over an interlayer 
dielectric layer which is blanket deposited over the Sub 
Strate. 

0060 FIG. 23B is an illustration of a top view showing 
location of the photoresist. 

0061 FIG. 24A is an illustration of a cross-sectional 
View showing a first mask formed on the Substrate, the first 
mask having an edge that defines the location of the elec 
trical contacts. 

0.062 FIG. 24B is an illustration of a top view showing 
location of the first mask and location where electrical 
contacts are desired. 

0063 FIG. 25A is an illustration of a cross-sectional 
View showing a contact material blanket deposited over the 
Substrate and the first mask. 

0064 FIG. 25B is an illustration of a top view of the 
device depicted in FIG. 25A. 

0065 FIG. 26A is an illustration of a cross-sectional 
View showing the Second mask covering areas of desired 
underlying conductive layer pattern and contact areas that 
are not covered by the first mask. 
0.066 FIG. 26B is an illustration of a top view showing 
location of the first mask and the Second mask. 

0067 FIG. 27A is an illustration of a cross-sectional 
View showing contacts and patterned underlying conductive 
layer. 

0068 FIG. 27B is an illustration of a top view of the 
device depicted in FIG. 27A. 

0069 FIG. 28A is an illustration of a cross-sectional 
View showing an interlayer dielectric layer deposited over 
the underlying dielectric layer, first mask and contacts. 

0070 FIG. 28B is an illustration of a top view of the 
device depicted in FIG. 28A. 

0071 FIG. 29A is an illustration of a cross-sectional 
View showing the interconnect device after planarization of 
the dielectric layer. 

0072 FIG. 29B is an illustration of a top view of the 
device depicted in FIG. 29A. 

0073 FIG. 30A is an illustration of a cross-sectional 
View showing a Second conductive layer blanket deposited 
after planarization. 
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0074 FIG. 30B is an illustration of a top view of the 
device depicted in FIG. 30A. 
0075 FIG. 31A is an illustration of a cross-sectional 
View showing the conductive lines and contact after removal 
of the first mask. 

0.076 FIG. 31B is an illustration of a top view showing 
location of the contacts and the conductive lines. 

0.077 FIG. 32A is an illustration of a cross-sectional 
View showing a dielectric layer blanket deposited over the 
underlying dielectric layer, conductive lines and the con 
tactS. 

0078 FIG. 32B is an illustration of a top view of the 
device depicted in FIG. 32A. 
007.9 FIG. 33A is an illustration of a cross-sectional 
View showing the interconnect device after planarization of 
the dielectric layer. 
0080 FIG. 33B is an illustration of a top view showing 
location of the contacts. 

0081 FIG. 34A is an illustration of a cross-sectional 
View showing a conductive layer blanket deposited after 
planarization. 

0082 FIG. 34B is an illustration of a top view of the 
device depicted in FIG. 34A. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0083. The present invention describes a method of form 
ing a contact in an integrated circuit Structure. In the 
following paragraphs, numerous Specific details are Set forth 
Such as Specific materials and processes in order to provide 
a thorough understanding of the present invention. It will be 
obvious, however, to one skilled in the art that the present 
invention may be practiced without these specific details. In 
other instances, well-known manufacturing materials and 
processes have not been Set forth in detail in order to avoid 
obscuring the present invention. 
0084. The present invention describes a novel method of 
forming high aspect ratio contacts in an integrated circuit. 
According to the present invention, a dielectric layer (e.g. 
oxide, nitride) is blanket deposited over a Substrate. A 
photoresist layer is then deposited over the dielectric layer 
and patterned to form a first mask which has an edge that 
defines a desired location for a contact. Next, a contact 
material is deposited over the first mask. The contact mate 
rial is then removed by masking and etching to leave only a 
portion of the contact material adjacent to the edge of the 
first mask and over the location where electrical contacts are 
desired. The present invention allows the fabrication of high 
aspect ratio contacts which decrease capacitive coupling 
between metal layers and therefore decrease the RC delay 
asSociated with the contact Structure. Additionally, the pro 
ceSS of the present invention allows low resistance materials 
Such as aluminum, copper, Silver, gold, and their alloys to be 
used as contacts which further reduce the RC delay associ 
ated with the contact Structure. 

0085. An example of the present invention is shown in 
FIGS. 8A through 17B.. A substrate 200 is provided. 
According to the present invention, Substrate 200 is the 
Starting material on which layers are deposited and pro 
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cesses are performed. Substrate 200 typically includes a 
Semiconductor Substrate 201, underlying dielectric layer 
(ILD) 203 and conductive lines 205. Substrate 201 is typi 
cally a Semiconductor Substrate which includes active and 
passive devices Such as transistors, capacitors and resisters 
formed therein. The Semiconductor Substrate can be com 
prised of materials Such as, but not limited to, Silicon, Silicon 
germanium, or gallium-arsenite. Other Substrates Such as a 
Substrate used for a flat panel display may be utilized if 
desired. An ILD 203 is generally formed on top of substrate 
201 to isolate conductive lines 205 from the active devices 
contained in Substrate 201 below. In one embodiment, 
conductive lines 205 are formed in planar with ILD 203, as 
shown in FIG. 8A. Conductive lines 205 however, need not 
necessarily be formed coplanar with ILD 203. In one 
embodiment, protective caps 210 are formed as an integral 
part of conductive lines 205. The benefit protective caps 205 
provide is discussed later. Conductive lines 205 typically 
comprise a low resistance material or alloy Such as, but not 
limited to, aluminum, copper, Silver, gold and their alloyS. 
FIG. 8B shows locations where electrical contacts are 
desired on conductive lines 205, as represented by X's 202. 
0.086 A dielectric layer 212 is then blanket deposited 
over Substrate 200, by well known techniques, such as 
chemical vapor deposition. The thickness of dielectric layer 
212 is generally determined by the height of the contact 
desired. The final height of the contact is determined in the 
Subsequent planarization Step which is discussed later. 
Dielectric layer 212 typically has a thickness of 0.8-2 um A. 
A photoresist layer is then formed on top of dielectric layer 
212 and patterned to define the location of first mask 215, as 
shown in FIG.9A. FIG.9B is a top view showing location 
of photoresist 213. 
0087. The exposed portion of dielectric layer 212 is then 
etched to form first mask 215. First mask 215 provides an 
edge 217 over the location where an electrical contact is 
desired, as shown in FIG. 10A and FIG. 10B. A contact is 
eventually formed adjacent to edge 217. In one embodiment 
of the present invention, first mask 215 remains to form part 
of the ILD. First mask 215 needs to be sturdy enough to 
withstand Subsequent etchings. In one embodiment, first 
mask 215 comprises SiO because SiO is robust, thus is 
able to withstand Subsequent etchings during the process to 
form the contacts. Another advantage of using SiO2 is that 
SiO, is a commonly used ILD material. This is beneficial 
because in one embodiment, first mask 215 may be left to 
form part of the ILD. Therefore, SiO is preferably selected 
as a typical material for first mask 215. After etching, the 
photoresist is removed. FIG. 10B shows first mask 215 
having edge 217 which is over the location where electrical 
contacts are desired, as represented by X's 202. 
0088 Conductive contact material 220 is then blanket 
deposited over Substrate 200 and first mask 215, as shown in 
FIG. 11A. The thickness of contact material 220 depends on 
the width of the contact desired. Contact material 220 is 
preferably a low resistance material, e.g. aluminum. How 
ever, contact material 220 can be other electrically conduc 
tive low resistance material Such as, but not limited to, 
copper, Silver, gold, and their alloys. Hence, the same 
material can be used for both conductive lines 205 and 
contacts 235. It is to be appreciated that aluminum, copper, 
Silver, gold, and their alloys were not used for contact 
material 220 in prior art because only CVD-deposited mate 
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rial could be reliably used to fill contact holes having an 
aspect ratio greater than 2:1. Since contacts are formed 
without filling contact holes in the present invention, depo 
sition of contact material 220 need not be conformal and 
Sputter-deposited materials. Such as aluminum, copper, Sil 
ver, gold, and their alloys are allowed. By being able to use 
materials with lower resistance than tungsten, the resistive 
component contributory to the RC delay can be effectively 
reduced, thus improving the circuit performance. 
0089 Next, referring to FIG. 12A, conductive contact 
material 220 is anisotropically etched So that contact mate 
rial 220 is removed from the top of first masks 215 and 
between first masks 215 such that the remaining portion of 
conductive contact material 220 forms a contact Spacer 225 
adjacent to and around first mask 215, as shown in FIG. 
12B. One of the anisotropic etching proceSS can be carried 
out by a well known method Such as reactive ion etching. 
During the etching Step, overetching is desired to ensure that 
all conductive contact material 220 is removed except 
contact spacer 225 material that is adjacent to and around 
first mask 215. Removing all conductive contact material 
220 from top of first masks 215 and between contact spacers 
225 is necessary So that leftover residue does not cause short 
circuits between devices. 

0090 Protective cap 210 formed on top of conductive 
lines 205 is beneficial in preventing over-etching of under 
lying conductive lines 205 Since underlying conductive lines 
205 may be Subject to etchant attack during an etchback, 
especially if contact Spacer 225 comprises the same material 
as conductive lines 205. A protective cap 210 is preferably 
formed of a material which can be selectively etched with 
respect to the spacer material. As shown in FIG. 12A, 
underlying conductive lines 205 beneath protective cap 210 
is not etched in the process of forming contact Spacer 225. 
Protective cap 210 may be comprised of a material that 
prevents, or retards, the tendency of electron migration. If 
the conductive contact material is aluminum and copper, the 
protective cap material may be titanium-nitride, titanium 
tungsten, titanium, tungsten or other refractory metals. 
0091. Once contact spacer 225 has been formed, a second 
mask 230 is formed over contact spacer 225 to define a 
contact area over locations where electrical contacts are 
desired, as shown in FIG. 13A. FIG. 13B shows locations 
of Second mask 230 covering areas of contact spacer 225 
where electrical contacts are desired. In forming Second 
mask 230 over contact spacer 225, a photoresist layer can 
generally be deposited and patterned to cover only the areas 
where electrical contacts are desired. Top Surface imaging 
lithography technique may be used to overcome the Severe 
topography problem. 

0092 Next, contact spacer 225 is etched in alignment 
with second mask 230 to remove contact spacer 225 material 
except that portion of contact spacer 225 covered by Second 
mask 230 to form contacts 235. After the etch, only the 
conductive contact material covered by second mask 230 
remains as contacts 235, as shown in FIG. 14A. Second 
mask 230 is then removed. FIG. 14B shows a top view of 
contacts 235 adjacent to edge 217 and over the location 
where electrical contacts are desired. 

0093. Next, according to one embodiment of the present 
invention, ILD 240 is blanket deposited over first mask 215, 
contacts 235, and substrate 200, as shown in FIG. 15A. ILD 
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240 is then planarized to reveal contacts 235, as shown in 
FIG.16A. The planarization step determines the final height 
of contacts 235. One method of the planarization process 
may be chemical-mechanical polishing (CMP). Although 
CMP is preferred, other techniques such as etchback may be 
utilized to planarize ILD 240. It is appreciated that ILD 240 
is completely removed from the top portion of contacts 235 
to ensure a good contact with the Subsequent conductive 
layer. FIG. 16B shows a top view of the partially built 
multilevel interconnect System after the planarization Step 
with top of contacts 235 visible. 
0094. Then, a second level of interconnection is formed 
over ILD 240 and contacts 235 using a well-known tech 
nique. For example, a conductive layer can be blanket 
deposited over the structure shown in FIG. 16A. A photo 
resist layer can then be blanket deposited over the conduc 
tive layer. The photoresist layer is masked, exposing portion 
of the conductive layer which is then etched to form con 
ductive lines 245, as shown in FIG. 17A. FIG. 17B shows 
a top view illustrating location of conductive lines 245. The 
process described in FIG. 8A through FIG. 17B is repeated 
to form more devices and interconnects. 

0.095 As illustrated in FIG. 17A, contacts 235 with 
aspect ratios greater than 2:1 can be easily formed. The 
present invention forms a contact by blanket depositing a 
contact material, then etchback that contact material. AS 
Such, contacts with aspect ratio greater than 5:1 are possible. 
The prior art, on the other hand, forms a contact by forming 
a contact hole, then filling the contact hole. AS discussed 
earlier, the higher the contact hole, the worse the incomplete 
fill problem becomes. In addition, only tungsten can be used 
to reliably fill a contact hole with an aspect ratio of 2:1 
because no low resistance material can be deposited by 
CVD. By using the present invention, contacts are not 
formed by filling contact holes, and problems associated 
with contact hole filling no longer exist. Contacts as high as 
desired can be manufactured reliably, even with a low 
resistance contact material. Low resistance contact material 
can be used because there are no holes to fill, thus CVD 
deposition is not required. By increasing the aspect ratio, 
capacitive coupling between the conductive lines is reduced, 
thereby improving circuit performance. 
0096. In another embodiment of the present invention, 
the steps are the same as those described for FIG. 8A up to 
FIG. 14B. Thereafter, in the present embodiment, first mask 
215 is removed, leaving just contacts 235, as shown in FIG. 
18A.. First mask 215 can be removed, for example, by 
plasma etching. Care must be taken not to remove contacts 
235 when removing First mask 215. 
0097 ILD 250 is then deposited over contacts 235 and 
substrate 200, as shown in FIG. 19A. ILD 250 is preferably 
a low dielectric constant material Such as, but not limited to, 
polyimides. Polyimides have a dielectric constant of 3.2-3.4 
which is less than that of either SiO (3.5-4.0) or silicon 
nitride (6.0-9.0). A low dielectric constant material keeps the 
capacitance between conductive layerS low. AS discussed 
earlier, low capacitance is an essential element in reducing 
the RC delay which helps to optimize the performance of the 
integrated circuit. 
0098) Next, ILD 250 is planarized to reveal contacts 235, 
as shown in FIG. 20A. FIG. 20B shows a top view of the 
partially built multilevel interconnect System after the pla 
narization step with top of contacts 235 visible. 
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0099. Then, a second level of interconnection is formed 
over ILD 250 and contacts 235 using a well-known tech 
nique as described above. FIG. 21B shows a top view 
illustrating location of conductive lines 255. The process 
described in FIG. 8A through FIG. 14B and FIG. 18A 
through FIG. 21B is repeated to form more devices and 
interconnects. 

0100. As illustrated in FIG. 21A, ILD 250 is comprised 
of a low dielectric constant material, rather than a combi 
nation of first mask 215 and ILD 240, as shown in FIG.17A. 
By using a low dielectric constant material uniformly for 
ILD 250, as shown in FIG. 21A, capacitive coupling 
between the conductive lines can be further reduced, thus 
reducing the RC delay. 

0101 Another embodiment of the present invention is 
shown in FIGS. 22A through 30B. A substrate 300 is 
provided. Substrate 300 is similar to substrate 200 described 
earlier. According to the present invention, substrate 300 
typically includes a Semiconductor Substrate 307, an unpat 
terned underlying conductive layer 305 and an underlying 
dielectric layer 310. FIG. 22B shows desired conductive 
line pattern 315, as illustrated by the dashed lines and 
locations where electrical contacts are desired, as illustrated 
by X's 302. 
0102) Steps 23A through 25B are same as steps 9A 
through 11A of the first embodiment. Dielectric layer 316 is 
blanket deposited over substrate 300. A photoresist layer 319 
is then formed on top of dielectric layer 316 and patterned 
to define the location of first mask 320, as shown in FIG. 
23A. The exposed portion of dielectric layer 316 is then 
etched to form first mask 320. In one embodiment of the 
present invention, first mask 320 remains to form part of the 
ILD. After etching, photoresist 319 is removed. Conductive 
contact material 325 is then blanket deposited over substrate 
300 and first mask 320, as shown in FIG. 25A. 

0103) Next, a photoresist is formed on top of contact 
material 325 and patterned such that second mask 330 is 
formed to cover a conductive line pattern that is not yet 
covered by first mask320, as shown in FIG. 26A. FIG. 26B 
shows locations of Second mask 330. The dashed lines 
represent first mask 320 which is covering part of the 
conductive line pattern. 
0104. Then, contact material 325 and underlying conduc 
tive layer 305 are etched in alignment with first mask 320 
and second mask 330, forming contacts 335 and patterning 
conductive lines 337, as shown in FIG.27A. First mask 320 
and second mask 330 collectively form a combined mask 
which defines a location for conductive lines 337. During the 
etching step, the portion of underlying conductive layer 305 
that is not covered by first mask 320 nor second mask 330 
is etched away. The remaining portion of underlying con 
ductive layer 305 defines conductive lines 337. It is appre 
ciated that first mask 320 and second mask 330 combine to 
define a single feature, namely, conductive lines 337. 

0105 FIG. 27A illustrates that contacts 335 are formed 
as integrated parts of conductive lines 337. Conductive lines 
337 may be comprised of multi-layer metals. First mask 320 
defines the location of contacts 335 by providing edges 
where contacts 335 are eventually formed, as discussed 
above. Second mask 330 defines the location and lengths 
336 of the integrated parts. During etching, the portion of 
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contact material 325 not covered by second mask 330 is 
etched away. The remaining portion of contact material 325 
forms contacts 335. Thus, the combined mask of first mask 
320 and second mask 330 defines location and length 336 of 
contacts 335. By forming contacts 335 as integrated parts of 
underlying conductive lines 337, via delamination problem 
is reduced. 

0106 AS pointed out above, first mask 320 and second 
mask 330 are comprised of materials that are hardy enough 
to withstand Subsequent etchings. Therefore, only the por 
tion of the conductive material not covered by either mask 
is etched away. It will be appreciated that only two masks are 
needed both to pattern underlying conductive lines 337 and 
to form contacts 335. Second mask 330 is removed after 
etching. FIG. 27B shows the location of contacts 335 and 
first mask 320, which combined, show the pattern of con 
ductive lines 337. 

0107 Next, according to one embodiment of the present 
invention, an ILD 340 is blanket deposited over first mask 
320, contacts 335, and underlying dielectric layer 310, as 
shown in FIG. 28A. ILD 340 is then planarized to reveal 
contacts 335, as shown in FIG. 29A. This planarization step 
determines the final height of contacts 335. 

0108) Next, a second level of interconnection is formed 
over ILD 340 and contacts 335 with well-known technique. 
For example, a conductive layer can be blanket deposited 
over the structure shown in FIG. 29A. The process 
described in FIG.22A through FIG.30B is repeated to form 
more devices and interconnects. 

0109) As illustrated in FIG. 30A, contacts 335 with 
aspect ratios that are greater than 2:1 are easily manufac 
tured. An aspect of how contacts manufactured using the 
method described for FIGS. 20A through 30B differ from 
the traditional contacts is the shape of the contacts. In the 
present invention, contacts 335 are formed as integrated 
parts of underlying conductive lines 337, as opposed to the 
traditional pillar-shaped contacts illustrated, for example, in 
FIG. 1 and FIG. 17A. The structure in the present invention 
is advantageous because Via delamination problem is 
reduced. Another advantage is that there is no protective cap 
layers necessary for this method. The contact resistance can 
be greatly reduced if the contact and underlying metal are 
the same (e.g., aluminum). 
0110. In another embodiment of the present invention, 
the steps are the same as those described for FIG. 20A up 
to FIG. 27B. Thereafter, in the present embodiment, first 
mask 320 is removed, leaving just contacts 335, as shown in 
FIG. 31A. ILD 350 is then deposited over contacts 335, 
underlying conductive lines 337, and underlying dielectric 
layer 310, as shown in FIG. 32A. Next, ILD 350 is pla 
narized to reveal contacts 335, as shown in FIG. 33A. FIG. 
33B shows a top view of the partially built multilevel 
interconnect System after the planarization Step with top of 
contacts 335 visible. Then, a second level of interconnection 
is formed over ILD 350 and contacts 335 using well-known 
techniques, as previously described. The process described 
in FIG.22A through FIG. 27B and FIG.31A through FIG. 
34B is repeated to form more devices and interconnects. 
0111 Thus, a high aspect ratio contact and fabrication 
method is disclosed. While the present invention has been 
described with reference to specific embodiments thereof, 
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many variations of the present invention will be obvious to 
one skilled in the art and are considered to be within the 
Scope and Spirit of the present invention. 

What is claimed is: 
1. A method of forming a contact, Said method comprising 

the Steps of: 
providing a Substrate having a location where an electrical 

contact is desired, Said Substrate having a conductive 
layer; 

forming a first mask over Said Substrate wherein Said first 
mask has an edge over Said location; 

depositing a contact material over Said Substrate and Said 
first mask, and 

removing a first portion of Said contact material So that a 
Second portion of Said contact material remains ada 
cent to Said edge and over Said location, defining a 
COntact. 

2. The method of claim 1, further comprising the Steps of: 
depositing a dielectric layer over Said first mask, Said 

contact, and Said Substrate; and 
removing a top portion of Said dielectric layer to reveal 

Said contact. 
3. The method of claim 2, wherein Siad dielectric layer is 

a low-k material. 
4. The method of claim 2, wherein said step of removing 

a top portion of said dielectric layer includes chemical 
mechanical polishing. 

5. The method of claim 1, further comprising the steps of: 
removing Said first mask, 
depositing a dielectric layer over Said contact and Said 

Substrate; and 

removing a top portion of Said dielectric layer to reveal 
Said contact. 

6. The method of claim 5, wherein said step of removing 
a top portion of Said dielectric layer includes chemical 
mechanical polishing. 

7. The method of claim 5, wherein said dielectric layer 
comprises a low dielectric constant material. 

8. The method of claim 1, wherein the step of removing 
a first portion of Said contact material comprises the Steps of: 

anisotropic etching Said contact material So that the top of 
Said first mask is exposed and a remaining portion of 
Said contact material defines a contact spacer around 
Said first mask, 

forming a Second mask over Said contact spacer to define 
a contact area over Said location; and 

etching Said contact spacer in alignment with Said Second 
mask to form a contact adjacent to Said edge and over 
Said location. 

9. The method of claim 8, wherein the step of anisotropic 
etching comprises reactive ion etching. 

10. The method of claim 1, wherein removing said contact 
material comprises the Steps of: 

forming a Second mask over Said contact material to 
define a contact area adjacent to Said edge; and 
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etching Said contact Spacer in alignment with Said Second 
mask to form a contact adjacent to Said edge and over 
Said location. 

11. The method of claim 10, wherein said step of etching 
comprises anisotropic etch. 

12. The method of claim 1, wherein said first mask 
comprises Silicon dioxide. 

13. The method of claim 1, wherein said second mask 
comprises photoresist. 

14. The method of claim 1, wherein said contact material 
and Said conductive layer comprise the same material. 

15. The method of claim 1, wherein said contact material 
comprises aluminum. 

16. The method of claim 1, wherein said contact has an 
aspect ratio of at least 3. 

17. A method of forming a contact, Said method compris 
ing the Steps of 

providing a Substrate having a conductive layer with a 
location on which an electrical contact is desired; 

forming a mask layer over Said Substrate; 
patterning Said mask layer to create a first mask, having 

an edge over Said location; 
blanket depositing a conductive contact material over Said 

Substrate and Said first mask, 
anisotropic etching Said conductive contact material So 

that the top of Said first mask is exposed and the 
remaining portion of Said conductive contact material 
forms a contact spacer adjacent to and around said first 
mask, 

forming a Second mask over Said contact spacer to define 
a contact area over Said location; and 

etching Said contact spacer to form a contact adjacent to 
Said edge and over Said location. 

18. The method of claim 17, further comprising the steps 
of: 

blanket depositing an interlayer dielectric layer over Said 
first mask, Said contact, and Said Substrate; and 

planarizing Said interlayer dielectric layer to reveal Said 
COntact. 

19. The method of claim 18, whereing the interlayer 
dielectric layer is a low-k material. 

20. The method of claim 18, wherein said step of pla 
narizing Said interlayer dielectric layer includes chemical 
mechanical polishing. 

21. The method of claim 17, further comprising the steps 
of: 

removing Said first mask, 
blanket depositing an interlayer dielectric layer over Said 

contact and Said Substrate; and 
planarizing Said interlayer dielectric layer to reveal Said 

COntact. 

22. The method of claim 21, wherein said step of pla 
narizing Said interlayer dielectric layer includes chemical 
mechanical polishing. 

23. The method of claim 21, wherein said interlayer 
dielectric layer comprises a low dielectric constant material. 

24. The method of claim 17, wherein said step of aniso 
tropic etching comprises reactive ion etching. 
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25. The method of claim 17, wherein said first mask 
comprises Silicon dioxide. 

26. The method of claim 17, wherein said second mask 
comprises photoresist. 

27. The method of claim 17, wherein said conductive 
contact material and Said conductive layer comprise the 
Same material. 

28. The method of claim 17, wherein said contact com 
prises aluminum. 

29. The method of claim 17, wherein said contact has an 
aspect ratio of at least 3. 

30. A method of forming a conductive line and a contact, 
Said method comprising the Steps of: 

providing a Substrate; 
depositing an underlying dielectric layer over Said Sub 

Strate, 

depositing a first conductive layer over Said underlying 
dielectric layer; 

forming a first mask over a portion of Said first conductive 
layer, Said first mask having an edge; 

blanket depositing a Second conductive layer over Said 
first conductive layer and Said first mask, 

forming a Second mask over a first portion of Said Second 
conductive layer, wherein Said first mask and Said 
Second mask collectively form a combined mask defin 
ing a location for Said conductive line and Said contact; 
and 

etching Said Second conductive layer and Said first con 
ductive layer in alignment with Said combined mask to 
form Said conductive line and Said contact. 

31. The method of claim 30, further comprising the steps 
of: 

removing Said Second mask to reveal Said Second con 
ductive layer; 

blanket depositing an interlayer dielectric layer over Said 
Substrate, Said Second conductive layer, and Said first 
mask, and 

planarizing Said interlayer dielectric layer to reveal Said 
COntact. 

32. The method of claim 31, wherein said interlayer 
dielectric layer is a low-k material. 

33. The method of claim 31, wherein said step of pla 
narizing Said interlayer dielectric layer includes chemical 
mechanical polishing. 

34. The method of claim 30, further comprising the steps 
of: 

removing Said first mask and Said Second mask, 
blanket depositing an interlayer dielectric layer over Said 

Substrate, Said conductive line, and Said contact; and 

planarizing Said interlayer dielectric layer to reveal Said 
COntact. 

35. The method of claim 32, wherein said step of pla 
narizing Said interlayer dielectric layer includes chemical 
mechanical polishing. 

36. The method of claim 32, wherein said interlayer 
dielectric layer comprises a low dielectric constant material. 
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37. The method of claim 30, wherein said first mask 
comprises Silicon dioxide. 

38. The method of claim 30, wherein said second mask 
comprises photoresist. 

39. The method of claim 30 wherein said first conductive 
layer and Said Second conductive layer comprise the same 
material. 

40. The method of claim 30, wherein said second con 
ductive layer comprises aluminum. 

41. An integrated circuit comprising: 
a dielectric layer formed on a Substrate; 
a conductive line over Said dielectric layer, Said conduc 

tive line having a first portion and a Second portion; 
a first dielectric material covering Said first portion of Said 

conductive line, Said first dielectric material having a 
side wall; 

Aug. 23, 2001 

a conductive contact material covering Said Second por 
tion of Said conductive line and adjacent to Said Side 
wall of Said first dielectric material; and 

a Second dielectric material disposed over Said conductive 
contact material, Said Second dielectric material Sub 
Stantially planer with Said contact and Said first dielec 
tric material. 

42. The integrated circuit of claim 41, wherein said first 
dielectric material and Said Second dielectric material com 
prises the same material. 

43. The integrated circuit of claim 41, wherein said 
material comprises a low dielectric constant material. 

44. The integrated circuit of claim 41, wherein said first 
dielectric material comprises Silicon dioxide. 


