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METHOD FOR FORMING A SEMICONDUCTOR 
CONNECTION WITH A TOP SURFACE HAVING 

AN ENLARGED RECESS 

BACKGROUND OF THE INVENTION 1. Field 
of the Invention 

[0001] The present invention is directed generally to serni 
conductor interconnections and a method for forming a 
semiconductor interconnect, such as a via or a contact, 
having an enlarged recess on its top surface. 

[0002] 2. Description of the Background 

[0003] It is Well knoWn in the semiconductor art to use 
interconnects, knoWn as vias and contacts, to connect an 
upper conductor of current, such as metal or polysilicon, 
through a dielectric layer to a loWer conductor of current. A 
via is an electrical connection betWeen two metal layers, and 
a contact, in contrast, is an electrical connection betWeen 
anything other than two metal layers, such as between metal 
and silicon. Vias and contacts are used extensively in very 
large scale integrated circuits, With an average circuit con 
taining 16 million vias and contacts. 

[0004] Vias and contacts are formed by an opening in a 
dielectric layer and a conductor Within the opening. Direc 
tional deposition methods, such as evaporation and sputter 
ing, are often used to deposit the conductor Within the 
opening. Such methods, hoWever, often provide poor step 
coverage and only a thin conductive layer on the vertical 
Wall of the opening. Thin layers are often not sufficient to 
provide good electrical contact betWeen the upper and loWer 
conductors, and result in a high resistance and a propensity 
for electrornigration failures. 

[0005] The problem of poor step coverage is exaggerated 
as the siZe of opening shrinks, and the aspect ratio increases. 
As the diameter of an opening approaches one rnicron, the 
aspect ratio typically approaches 1 to 1. To reliably obtain 
good electrical connection, the opening is usually partially 
or entirely ?lled With a conductor, knoWn as a “plug”. 

[0006] Prior art methods for forming a plug typically 
include tapering the top edge of the opening, folloWed by the 
formation of the plug in the opening, and concluding With a 
hydro?uoric acid bath. The tapering of the top edge is often 
accomplished with a sputter etch, and the purpose Was to 
increase the surface area of the plug formed within the 
opening. The acid bath is used to clean the top surface of the 
dielectric layer, but it also dissolves some of the material at 
the interface betWeen the plug and the dielectric layer, 
creating a small recess several hundred Angstrorns deep 
around the top edge of the plug. 

[0007] The prior art methods have several shortcornings, 
such as poor rnetal coverage over the interconnect due to the 
small recess, Which often contains irnpurities that increase 
the contact resistance, and Which may develop into a latent 
defect. The latent defect may take the form of erosion of a 
top level conductor deposited on the recess, and can be 
triggered if contaminants in the recess are exposed to 
moisture in a subsequent processing step. In addition, 
residuals left on the surface of the Wafer after the plug is 
formed may cause shorts betWeen conductors on the Wafer 
surface. Those residuals are often not removed by the 
hydro?uoric acid bath used in the prior art. Furthermore, 
when a sputter etch is used to taper the corners of the 
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opening, particles sputtered from the top edge of the opening 
end up in the bottom of the opening. These are particles of 
the dielectric layer, so they are not good conductors of 
current, and they increase the contact resistance at the 
bottom of the opening. Additionally, silicon regions are 
often the loWer conductor of an interconnect, and it is Well 
knoWn that sputtering damages and causes leakage in sili 
con. As a result, the prior art rnethods either risk damaging 
the silicon regions, or require several additional process 
steps to provide a protective coating on silicon prior to the 
sputtering, and to remove the protective coating after the 
sputtering. 

[0008] Defects occur in about 1 in every 100 million 
contacts. Since the average semiconductor device contains 
about 16 million contacts, a defect may be expected in more 
than one in every seven devices. The defects may be a latent 
defect caused by contamination in the recess, poor contact or 
adhesion at the top of the connection, poor contact at the 
bottom of the connection caused, for example, by dielectric 
material present from the sputtering step, or damage to a 
silicon region at the bottom of the opening. 

[0009] Thus, the need exists for an improved method of 
forming a connection having reduced contact resistance, 
irnproved contact adhesion, and decreased susceptibility to 
latent defects. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed generally to a 
method of forming a connection in an integrated circuit. The 
method includes the step of depositing a loWer conductor. A 
dielectric layer is deposited on the loWer conductor, With the 
dielectric layer having a loWer surface adjacent to the loWer 
conductor, and having an upper surface opposite the loWer 
conductor. An opening extending betWeen the upper surface 
and the loWer surface of the dielectric layer is formed. A 
conductive plug is deposited Within the opening. The plug 
has an upper surface proximate the upper surface of the 
dielectric layer. An edge of the upper surface is adjacent to 
the dielectric layer. A recess is formed proximate the edge of 
the upper surface. The recess extends into both the plug and 
the dielectric layer. Finally, an upper conductor is deposited 
on the upper surface of the dielectric layer and the upper 
surface of the plug. 

[0011] The connection formed by the method of the inven 
tion is located Within a dielectric layer of an integrated 
circuit, and is located betWeen an upper conductor and a 
loWer conductor. A conductive plug is located Within the 
opening, With the plug having an upper surface proximate 
the upper conductor, and an upper edge Where the upper 
surface is adjacent to the dielectric layer. Arecess is located 
proximate the upper edge of the plug. The recess extends 
into both the plug and the dielectric layer. 

[0012] The invention solves the above-mentioned short 
cornings in the prior art by cleaning the recess of impurities, 
thereby reducing the risk of a latent defect. Furtherrnore, at 
the same time that the recess is formed, the edge of the upper 
surface may be tapered thereby increasing the surface area 
of the plug, increasing the adhesion by an upper conductor 
and decreasing the contact resistance. Finally, the invention 
eliminates the need for sputtering the dielectric layer prior to 
the formation of the plug, thereby eliminating a source of 
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dielectric material in the bottom of the opening, and elimi 
nating a potential source of damage to the loWer conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For the present invention to be clearly understood 
and readily practiced, the present invention Will be described 
in conjunction With the following ?gures, Wherein: 

[0014] FIGS. 1-3 and 5-8 are cross sectional vieWs of an 
integrated circuit at successive steps in a method of fabri 
cating an interconnect according to an embodiment of the 
invention; 
[0015] FIG. 4 illustrates an alternative embodiment; and 

[0016] FIG. 9 illustrates a system in Which the present 
invention may be employed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] It is to be understood that the ?gures have been 
simpli?ed to illustrate only those aspects of an interconnect 
Which are relevant, and some of the dimensions have been 
exaggerated to convey a clear understanding of the present 
invention, While eliminating, for the purpose of clarity, some 
elements normally found in an interconnect. Those of ordi 
nary skill in the art Will recogniZe that other elements are 
required to produce an interconnect. HoWever, because such 
elements and process steps are Well knoWn in the art, and 
because they do not further aid in the understanding of the 
present invention, a discussion of such elements is not 
provided herein. 

[0018] FIG. 1 is a cross-sectional vieW of a dielectric layer 
2, a semiconductor layer 4, and an interface 6 betWeen the 
dielectric layer 2 and the semiconductor layer 4. The dielec 
tric layer 2 may be of any dielectric material, and in the 
described embodiment it is boro-phospho-silicate glass 
oxide (“BPSG oxide”). A loWer conductor 8 is located in the 
semiconductor layer 2 adjacent to the interface 6, and may 
be any conductor of current, such as a doped semiconductor 
or a metal. In the described embodiment, the loWer conduc 
tor 8 is an n+ doped semiconductor. The loWer conductor 8 
is patterned to form conductive paths as is knoWn in the art. 
The dielectric layer 2, semiconductor layer 4, interface 6, 
and loWer conductor 8 form a portion of an integrated circuit 
10. 

[0019] FIG. 2 is a cross-sectional vieW of the integrated 
circuit 10 after an opening 12 has been created in the 
dielectric layer 2. The opening 12 is de?ned by an inner Wall 
14 and extends from a top surface 16 of the dielectric layer 
2 to the loWer conductor 8. The formation of such an 
opening in a dielectric layer is Well knoWn in the prior art. 
For example, an anisotropic etch in a reactive ion etch 
(“RIE”) reactor, using CF4+CHF3 at betWeen 10° C. and 40° 
C. may be used. Many other methods of forming an opening 
are knoWn, such as using a combination of isotropic and 
anisotropic etches to create sloped side Walls in a dielectric 
layer. 
[0020] FIG. 3 is a cross-sectional vieW of the integrated 
circuit 10 after the deposition of a plug layer 20, Which 
substantially ?lls the opening 12. Tungsten is preferred as 
the material for the plug layer 20 because it is easily 
deposited using a chemical vapor deposition (“CVD”) pro 
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cess. Any conductor of current, hoWever, may form the 
material for the plug layer 20. Because tungsten does not 
readily adhere to oxides, Which comprise the dielectric layer 
2 in the preferred embodiment, a “glue” layer 22 is prefer 
ably deposited before the plug layer 20. In the preferred 
embodiment titanium is used as the glue layer 22 because it 
adheres Well to oxides and it consumes silicon dioxide, 
forming titanium silicide Which has a loW resistance. The 
silicon dioxide may remain at the bottom 18 of the opening 
12 from previous process steps, and if it is not removed, it 
Will increase the contact resistance betWeen a plug, 
described beloW, and the loWer conductor 8. 

[0021] Titanium may be deposited, for example, by using 
a chemical vapor deposition (“CVD”) process, preferably 
using a titanium-chloride chemistry, such as titanium and 
CFCl3. Alternatively, titanium may be sputtered directly 
onto the opening 12. Because sputtered titanium often 
results in shadoWing, a columniator may be utiliZed to 
provide a more uniform distribution. 

[0022] An alternative glue layer is titanium silicide, 
deposited by a CVD process. Titanium silicide CVD pro 
duces a conformal layer of titanium silicide, yielding uni 
form metal layers along the vertical and horiZontal surfaces 
in and around the opening 12. The titanium silicide CVD 
process uses titanium tetrachloride in conjunction With tita 
nium and silicon gasses to produce the layer of titanium 
silicide. Titanium silicide, hoWever, does not consume sili 
con dioxide as titanium does. 

[0023] In addition to the glue layer 22, a barrier layer 24 
is used in the preferred embodiment because tungsten reacts 
With silicon to cause “Worm holes” in the silicon. Worm 
holes result in small voids in the silicon surface Where the 
silicon has migrated into the tungsten, and they increase the 
contact resistance and can cause leakage in diodes built in 
the silicon substrate. As a result, the barrier layer 24 is 
preferably used to separate the tungsten layer 20 from any 
form of silicon, such as a doped silicon substrate. When both 
a glue layer 22 and a barrier layer 24 are used, both the glue 
layer 22 and the barrier layer 24 may coat the bottom 18 and 
the Walls 14 of the opening 12, as shoWn in FIG. 3. 

[0024] FIG. 4 shoWs an alternative embodiment Wherein 
the glue layer 22 is deposited only on the bottom 18 of the 
opening 12, so that it Will consume any silicon dioxide 
present on the loWer conductor 8. The barrier layer 24, 
hoWever, is deposited on both the Walls 14 and the bottom 
18 of the opening 12. The preferred barrier layer 24, titanium 
nitride, is suitable as both a “barrier” and a “glue”, and is 
deposited on top of the glue layer 22, to act as a barrier 
betWeen tungsten and silicon, and on the Walls 14 to act as 
a glue layer. Titanium nitride readily adheres to the titanium/ 
titanium silicide glue layer 22, to the tungsten plug layer 20, 
and to the dielectric layer 2. It also forms an effective barrier 
betWeen the tungsten plug 26 and silicon, and is conformal 
and easily deposited by a CVD process. The titanium nitride 
may also be deposited by annealing titanium in the presence 
of nitrogen or ammonia. 

[0025] Regardless of the manner in Which titanium nitride 
is deposited, an annealing step folloWs the deposition of the 
glue layer 22, preferably either immediately after the glue 
layer 22 is deposited, or after the barrier layer 24 is depos 
ited. The annealing step is necessary for the titanium, Which 
preferably comprises the glue layer 22, to effectively con 
sume silicon dioxide. 
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[0026] The glue and barrier layers 22 and 24, of course, 
are preferably not used When the plug 26 does not react 
adversely With any other materials in the opening 12, and 
When the plug 26 adequately adheres to the Wall 14 and 
bottom 18 of the opening. In fact, the glue and barrier layers 
22 and 24 are not required to utiliZe the invention, but they 
are used in the preferred embodiment. A layer of titanium 
may alWays be used, hoWever, to consume silicon dioxide 
from the bottom 18 of the opening 12. 

[0027] FIG. 5 shoWs a cross-sectional vieW of the inte 
grated circuit 10 after portions of the plug layer 20, glue 
layer 22, and barrier layer 24 have been removed, leaving a 
plug 26 having a top surface 28 and an edge 29. The edge 
29 of the plug 26 is de?ned generally by the glue and barrier 
layers 22 and 24. The portions of the plug layer 20, glue 
layer 22, and barrier layer 24 may be removed, for example, 
by a dry etch process using a chlorine-based gas is used, 
such as chlorine gas, CCl4, or HCl. Preferably, hoWever, a 
chemical-mechanical polish (“CMP”), as described in US. 
Pat. No. 5,224,534 (“the ’534 Patent”) issued to Yu et al., 
assigned to Micron Technology, Inc. and incorporated herein 
by reference, may be used to remove the top layer of 
tungsten and leave the top surface 28 of the plug 26 even 
With the top surface 16 of the dielectric layer 2. 

[0028] FIG. 6 shoWs the integrated circuit 10 after being 
subjected to a cleaning step. The surface of the integrated 
circuit 10 is cleaned, for example, by a bath of hydro?uoric 
acid Which cleans the surface 16 of the dielectric layer 2 and 
opens up a small recess 30 in the glue and barrier layers 22 
and 24 around the edge 29 of the plug 26. The recess 30 has 
a generally rectangular cross-section, is typically betWeen 
1,000 and 2,000 Angstroms deep, typically about 1,000 
Angstroms Wide, and Will often contain impurities. As 
discussed above, if the impurities remain in the recess 30 
they may develop into a latent defect Which may ultimately 
cause a failure of the device. As described in the ’534 Patent, 
the CMP process may also form a recess 30 at the edge 29 
of the plug 26, Without the use of a hydro?uoric acid bath. 

[0029] FolloWing the cleaning step, an “etchbac ” step is 
preferably performed Which removes material from the top 
surface 28 of the plug 26 so that the plug 26 is betWeen about 
1,000 to 2,000 Angstroms beloW the top surface 16 of the 
dielectric layer 2. The etchback is to compensate for the 
different etch rates of tungsten and BPSG oxide, in antici 
pation of an etch step described beloW With respect to FIG. 
7. The depth of the etchback is chosen so that at the 
conclusion of the etch step, discussed beloW With respect to 
FIG. 7, the top surface 28 of the plug 26 and the top surface 
16 of the dielectric layer 2 are even. The etchback may be 
achieved, for example, through a dry etch of the plug 26. 

[0030] FIG. 7 shoWs a cross section of the integrated 
circuit 10 after it is subjected to an etch step to clean and 
enlarge the recess 30. After the recess 30 is enlarged it 
extends into the dielectric layer 2 and the plug 26. Many 
types of etches, such as facet etches and sputter etches, may 
be used to clean and enlarge the recess 30. It has been found, 
hoWever, that superior results are achieved With a sputter 
etch using an argon plasma, With a pressure betWeen ?ve and 
?fty millitorr, a ?oW rate of betWeen 10 and 100 standard 
cubic centimeters per minute (“sccm” of argon gas, a 
plasma energy level of betWeen 1.7 and 5.1 Watts per square 
centimeter of the target surface, and an angle betWeen 400 
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and 600 above horiZontal. In the most preferred embodi 
ment, the sputter etch angle is 580 above horiZontal. The 
sputter etch typically increases the Width of the recess 30 
from about 1,000 Angstroms to betWeen about 2,000 Ang 
stroms and 3,000 Angstroms, although the depth of the 
recess 30 is usually not signi?cantly changed of course, both 
larger and smaller recesses 30 are possible, and the depth of 
the recess may be changed to suit particular needs by, for 
example, altering the sputter etch angle. When the sputter 
etch increases the Width of the recess 30, it tapers the top 
surface 28 of the plug 26, Which increases the surface area 
of the plug 26, and it tapers the top surface 16 of the 
dielectric layer 2. The increased surface area of the plug 26 
alloWs for a loWer resistance contact and better adhesion 
With a subsequently applied upper conductor. The tapered 
plug 26 and dielectric layer 2 also alloW for very good step 
coverage over the recess 30 When a subsequent upper 
conductor layer is applied, as described beloW With respect 
to FIG. 8. The sputter etch also cleans the recess 30 of 
impurities and residue remaining from previous process 
steps, further reducing the likelihood of a latent defect. 
Furthermore, the sputter etch cleans the surface of the 
integrated circuit 10 of impurities and removes residue, such 
as tungsten particles deposited during the formation of the 
plug 26, Which are often not removed in the cleaning step 
using hydro?uoric acid. 

[0031] During the sputter etch step both the plug 26 and 
the dielectric layer 2 are etched, but because tungsten 
sputters more sloWly than BPSG oxide, the thickness of the 
plug 26 decreases at a sloWer rate than the thickness of the 
dielectric layer 2. For that reason, in the preferred embodi 
ment the top surface 28 of the plug 26 is etched back about 
1,000 to 2,000 Angstroms beloW the top surface 16 of the 
dielectric layer 2 prior to the etch step. As a result of the 
etchback of the plug 26, at the conclusion of the sputter etch 
the top surface 28 of the plug 26 is approximately even With 
the top surface 16 of the dielectric layer 2. 

[0032] FIG. 8 is a cross-sectional vieW of the integrated 
circuit 10 after a top conductor layer 32 has been applied to 
the top surface 16 of the dielectric layer 2 and the top surface 
28 of the plug 26. The top conductor layer 32 ?lls the recess 
30, taking advantage of the increased surface area of the 
plug 26, and resulting in a loWer resistance contact and 
better contact adhesion. Good step coverage over the recess 
30 results from the tapered plug 26 and dielectric layer 2. 
The top conductor layer 32 may be any conductor of current, 
such as aluminum, titanium, copper, or polysilicon, and 
methods of deposition of the top conductor layer 32 are Well 
knoWn in the prior art, such as by sputtering and CVD. The 
top conductor layer 32 is patterned to form conductive paths 
as is knoWn in the art. 

[0033] FIG. 9 illustrates a system 34 in Which the present 
invention may be employed. The system is comprised of a 
solid state device, such as memory device 36, in Which 
connections of the type disclosed herein are made. The 
memory device is under the control of a microprocessor 38 
Which may be programmed to carry out particular functions 
as is knoWn in the art. 

[0034] Those With ordinary skill in the art Will recogniZe 
that many modi?cations and variations of the present inven 
tion may be implemented. For example, the recess 30 may 
be formed in a plug 26 and dielectric layer 2 Without the 
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presence of glue and barrier layers 22 and 24. The foregoing 
description and the following claims are intended to cover 
all such modi?cations and variations. 

What is claimed is: 
1. A method of forming a connection in an integrated 

circuit, comprising the steps of: 

depositing a loWer conductor; 

depositing a dielectric layer on the loWer conductor, the 
dielectric layer having a loWer surface adjacent to the 
loWer conductor and having an upper surface; 

forming an opening in the dielectric layer, the opening 
extending betWeen the upper surface and the loWer 
surface; 

depositing a conductive plug Within the opening, the plug 
having an upper surface proximate the upper surface of 
the dielectric layer, the upper surface having an edge 
Where the upper surface is adjacent to the dielectric 
layer; 

forming a recess proximate the edge of the upper surface, 
the recess extending into both the plug and the dielec 
tric layer; and 

depositing an upper conductor on the upper surface of the 
dielectric layer and the upper surface of the plug. 

2. The method of claim 1, Wherein said step of depositing 
a conductive plug comprises the step of chemical vapor 
deposition of tungsten. 

3. The method of claim 1, additionally comprising the 
steps of depositing a glue layer and depositing a barrier layer 
before said step of depositing a conductive plug. 

4. The method of claim 3, Wherein said step of depositing 
a glue layer comprises the step of depositing a titanium layer 
and the step of depositing a barrier layer comprises the step 
of depositing a titanium nitride layer. 

5. The method of claim 1, Wherein said step of forming a 
recess comprises the step of sputter etching. 

6. The method of claim 5, Wherein said step of sputter 
etching comprises the step of sputter etching With an argon 
plasma. 

7. The method of claim 6, Wherein said step of sputter 
etching comprises the step of sputter etching at a pressure 
betWeen ?ve and ?fty millitorr of pressure. 

8. The method of claim 6, Wherein said step of sputter 
etching comprises the step of sputter etching at an energy 
betWeen 1.7 and 5.1 Watts per square centimeter. 

9. The method of claim 6, Wherein said step of sputter 
etching comprises the step of sputter etching With a gas flow 
rate betWeen 10 and 100 standard cubic centimeters per 
minute. 

10. The method of claim 6, Wherein said step of sputter 
etching comprises the step of sputter etching at an angle 
betWeen 40° and 60° above horiZontal. 

11. The method of claim 6, Wherein the step of sputter 
etching comprises the step of sputter etching at an angle of 
approximately 58° above horiZontal. 

12. The method of claim 1, Wherein the step of forming 
a recess further comprises the step of tapering the edge of the 
upper surface and tapering the upper surface of the dielectric 
layer. 
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13. The method of claim 1, further comprising the step of 
etching back the plug before said step of forming a recess 
extending into both the plug and the dielectric layer. 

14. A connection carried in a dielectric layer of an 
integrated circuit, located betWeen an upper conductor and 
a loWer conductor, comprising: 

a conductive plug located Within the opening, said plug 
having an upper surface proximate the upper conductor, 
said upper surface having an edge Where said upper 
surface is adjacent to the dielectric layer, and said plug 
having a loWer surface proximate the loWer conductor 
of current; and 

a recess at said edge of said plug, and said recess 
extending into both said plug and said dielectric layer. 

15. The connection of claim 14, Wherein said conductive 
plug comprises tungsten. 

16. The connection of claim 14, further comprising a glue 
layer and a barrier layer betWeen the dielectric layer and said 
conductive plug. 

17. The connection of claim 16, Wherein said glue layer 
comprises titanium and said barrier layer comprises tita 
nium-nitride. 

18. The connection of claim 14, Wherein said recess 
includes a taper along said edge of said upper surface. 

19. The connection of claim 14, Wherein the recess is 
betWeen 1,000 Angstroms and 2,000 Angstroms deep. 

20. The connection of claim 14, Wherein the recess is 
betWeen 1,000 Angstroms and 3,000 Angstroms Wide. 

21. The connection of claim 14, Wherein the recess has a 
“v” cross-sectional shape. 

22. The connection of claim 14, Wherein the upper con 
ductor comprises a metal and the loWer conductor comprises 
a semiconductor. 

23. The connection of claim 14, Wherein the upper con 
ductor comprises a metal and the loWer conductor comprises 
a metal. 

24. The connection of claim 14, Wherein the upper con 
ductor comprises a semiconductor and the loWer conductor 
comprises a semiconductor. 

25. The connection of claim 14, Wherein the upper con 
ductor comprises a semiconductor and the loWer conductor 
comprises a metal. 

26. A system, comprising: 

a microprocessor; and 

a memory device in communication With said micropro 
cessor, said memory device having a connection carried 
in a dielectric layer thereof and located betWeen an 
upper conductor and a loWer conductor, a conductive 
plug located Within the opening, said plug having an 
upper surface proximate the upper conductor, said 
upper surface having an edge Where said upper surface 
is adjacent to the dielectric layer, and said plug having 
a loWer surface proximate the loWer conductor of 
current, and a recess at said edge of said plug, and said 
recess extending into both said plug and said dielectric 
layer. 

27. The system of claim 26, Wherein said memory device 
includes a dynamic random access memory. 

* * * * * 


